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I. INTRODUCTION, CREDITS, CONSULTANTS

This review is an updating through December 1979 of
our previous review of particle properties fparticle
Data Group (1978)]. As in previous editions we have
attempted to make the text as complete and self-con-
tained as possible.

As usual, the results of our compilation are pre-
sented in two sections, the Tables of Particle Proper-
ties and the Data Card Listings. The Tables summa-
rize the properties of only those particles whose ex-
istence is in our judgment experimentally well founded
and which have a large probability of standing the test
of time. This is a conservative judgment, and surely
some genuine resonances are omitted, awaiting con-
firmation (see section V below).

The Data Card Listings give up-to-date information,
with references, on all reported particles, whether
considered well established or not. The Listings also
contain mini-reviews on questions of interest.

A history of the Particle Data Group, with a discus-
sion of procedures and problems, has been given by
Rosenfeld (1975) and a short survey of the history of
some of the constants we compile can be found in Ap-
pendix IV.

We have maintained in this review the statistical
procedure introduced in 1976, i.e. , we give simul-
taneously in the Listings the old (labeled "AVG") and
new (labeled "STUDENT" ) average values and errors.
Details may be found in Sec. VII.

A pocket-sized Particle Properties Data Booklet,
containing the Tables and a reprint of the figures and
formulae from the first part of the review, is available
on request. For North and South America, Australia,
and the Far East, write to Technical Information De-
partment, Lawrence Berkeley Laboratory, Berkeley,
CA94720, USA. For all other areas, write to CERN
Scientific Information Service, CH-1211 Geneva 23,
Switze rland.

As usual, we wish to emphasize that we compile the
experimental results of others. It is inappropriate to
give us the credit for their countless hours of effort.
We urge that references be given directly to the origi-
nal data, and we provide complete references in the
Data Card Listings for that purpose.

The responsibilities for the va, rious sections can be
broken down as follows:

(1) Stable Particles: N. Barash-Schmidt, C. P. Horne,
M. J. Losty, T. Shimada, and T. G. Trippe.

(2) Meson resonances: C. Dionisi, M. J. Losty,
M. Mazzucato, L. Montanet, and M. Boos.

(3) Baryon resonances: C. Bricman. R. L. Crawford,
C. P. Horne, B. L. Kelly, M. J. Losty, and C. G. Wohl.

(4) General, including text: All authors.
Consultants: To overcome unavoidable gaps in our

coverage, both intellectual and geographical, we have
solicited the help of consultants:

U. Amaldi (CERN),
e W. B. Atwood (SLAC),
e A. Barbaro-Galtieri (Lawrence Berkeley Laboratory),
e V. E. Barnes (Purdue University),
s R. Cahn (LBL),
o M. S. Chanowitz (LBL),
e J. Engler (DESY),

G. Feldman (SLAC),
F. Foster (University of Lancester),

o F. Gilman (SLAC),
G. Goldhaber (Lawrence Berkeley Laboratory),

o R. Hagstrom (Lawrence Berkeley Laboratory),
e F. Monnig (Karlsruhe),

R. G. Moorhouse (University of Glasgow),
O. E. Overseth (University of Michigan),
S. I. Parker (Lawrence Berkeley Laboratory),
M. Perl (SLAC),

~ R. E. Shriock (SUNY Stony Brook),
e K. Shizaya (Lawrence Berkeley Laboratory),

B. N. Taylor (U. S. National Bureau of Standards).
The usefulness of this compilation depends in large

part on the interaction between the users and the au-
thors and consultants. We appreciate comments, crit-
icisms, and suggestions for improvements of all stages
of data retrieval, processing, evaluation, and presen-
tation.

II. SELECTION GF DATA

All particles are considered to fall into one of the
three groups:

(1) Stable particles, immune to decay via the strong
interaction, including the q and the photon and the lep-
tons.

(2) Meson resonances.
(3) Ba.ryon resonances.

The charmed, charmonium, and other new flavor
particles have been merged into these groups.

These groups are maintained within the two main
parts of the compilation:

(1) Tables of Particle Properties.
(2) Data Card Listings.

The Data Card Listings contain the original infor-
mation (data, references, etc. ), weighted averages,
comments, and "mini- reviews". Immediately preced-
ing the Data Card Listings is an illustrative key there-

- to. We attempt to give complete Data Card Listings up
to our closing date (January 1, 1980) for all journals
listed in the Illustrative Key. We also include pre-
prints and unpublished conference reports that have
come to our attention, but make no claim to complete-
ness.

Roughly 40% of our encoded results, those set off
in parentheses, are not used for averaging. The
reasoning is then often given in a footnote below the
data. If the reason is not given, it is one of the fol-
lowing:

o The result was presented with no error stated.
The result comes from a preprint or conference

report. It is our experience that such results (and
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particularly the errors) often change before final pub-
lication. Accordingly we keep these new results in
parentheses until they are published (or explicitly veri-
fied to us by the authors).

It involves some assumptions that we do not wish
to incorporate.

It is of poor quality, e.g. bad signal-to-noise ratio.
It is inconsistent with other results, e.g. because

of different methods employed, rendering averaging
meaningless.

It is not indep| ndent of other results, e.g. it is,a
result from one of several partial-wave analyses all
using the same data, again rendering averaging mean-
ingless.

When the data for a particle have received special
treatment or present special problems, this is noted in
a mini-review in the Data Card Listings.

The Tables of Particle Properties represent the out-
put of weighted averages and some critical judgment.
The extent to which "blind" averaging has been tem-
pered with judgment is explained in footnotes to the
Tables. In general, however, the footnotes are less
complete than is the collection of notes and mini-re-
views in the Data Card Listings. The reader is thus
encouraged to become familiar with the Data Card
Listings and, . ultimately, with the original references.

I I I. NON ENCLATU R E

A. Quantum numbers

The symbols I~(JP)C„represent:
= isospin,

G =G parity,
J' =spin (also s),
P =space parity,
C„=charge-conjugation parity for the neutral member

of the isospin multiplet. .
We also use:

B =baryon number,
S = strangeness,
C =charm,
l =orbital angular momentum.

1. Mesons

The charge-conjugation operator C turns particle into
antiparticle and has eigenvalues + 1 only for neutral
states; so it is useful to define an operator 6 which has
eigenvalues for charged states too. This is usually'
defined by

G = C exp (iM, ) .
A neutral nonstrange, noncharmed state is an eigen-

state of exp(&rI„)with eigenvalue (—1)I. Then we can
write the eigenvalue equation for the whole multiplet

where C„(nfor neutral) is the eigenvalue C would have

Most texts define it as in Eq. (j.); see e.g. Gasiorowicz
(1966); however, sometimes the rotation is taken about I„.
The difference between the two conventions is mentioned in a
footnote in Kaj.len (1964).

The parity is

Eqs. (3) and (5) combine to give

(5)

(6)

so all singlets ('So, 'P„.. . ) have C„P= —1, and all trip-
lets ('S„.. . ) have Cp'=+1. For proofs of the above,
see our 1969 text Lparticle Data Group (1969)I and Ap-
pendix by C. Zemach.

If, instead of qq, we consider the meson as a state
of boson antiboson —(e g A, -Z. K. ), it turns out that
some signs cancel, and Eqs. (3) and (4) (not Eq. (5)!)
apply unchanged. Of course, the mesons are often
spinless, so s is zero, but the equations are more gen-
eral. Eqs. (3) and (4) can be considered as selection
rules forbidding many decays.

We now use Eqs. (3) and (4) to introduce the concept
of "Abnormal-C„" mesons, i.e. mesons that cannot be
composed of qq. For this, it is sufficient to consider
the SU(3) subgroup of the full unitary group of flavors,
containing the u, d, and s quarks in a(3) representation.

This triplet of quarks is of course defined to have
isospin and hypercharge properties such that qq ean
combine (according to the SU(3) relations (3)43(3)
=(8)EB/1)) so as to form only octets and singlets. The
non-observation of "exotic" mesons (i.e., mesons in
larger SU(3) representations, or mesons requiring at
least a qqqq structure) is of course a direct conse-
quence of the naive quark model. States coupling di-
rectly to proton-antiproton channels are sometimes
interpreted as "baryonium", requiring qqqq structure,
but this interpretation is model-dependent, and no
manifestly exotic mesons have been found. It is slight-
ly less obvious that even some octets are forbidden by
the model, namely those with Q )C„=(O') —,(1 )+,
(2') —,. . . . Such states are not observed, and this is
an additional success of the naive quark model classi-
fication scheme.

In what follows, do not confuse "Abnormal-C„" with
"Normal" or "Abnormal" ~, both of which are allowed
by the quark model. The series J —O', 1,2, . . . is
called Normal because P =(—1) as for normal spher-
ical harmonics, and J~=0, 1', . . . is called Abnormal.

The top part of Table 1 shows all the low angular
momentum states that ean be formed from qq. Note
that half of the~ states can be formed by both a triplet
and a singlet qq state, e-g. P»

if applied to the neutral member of the multiplet. Thus,
for a p', C has the eigenvalue +1, and since I=1, G
= -1. For a charged pion, there are no eigenvalues
corresponding to C and to the isospin rotation, but
Eqs. (1) and (2) still give G = —1.

Consider a meson as a bound state of fermion-anti-
fermion, e.g. quark —antiquark qq, with orbital angular
momentum l, and with the two fermion spins coupling
to give a spin s. Then one can show that the charge-
conjugation eigenvalue [defined as in Eq. (2)] is

(3)

Eqs. (2) and (3) combine to give

( 1)I +s+I
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TABLE I. Orbital excitations of the qq system, and corresponding mesons. For the distinction between Abnormal J and Ab-
normaj. C„,see text fol].owing Eq. (6) in Section III. Strange and charmed mesons share the same values of J as the I= 0 and l
states shown, but are not eigenstates of G. The second column, which gathers together (J )z r zC„P', is a redundant intermediate
step intended to make the table easier to read. The table repeats itself for each radial excitation.

qq State
C P C Pn n

(J) CP
Normal or
abnormal

I (J )C Non- strange,
Nc(n- charred

S=C=O

Strange

(I = ')
Charred
lcl =)-
(I =-')

Examples of ground state ~sons

S0

NORMAL-C STATES THAT CANn

(0 )A- 0(0 )+

i(0 )+

COME FROM qq MODEL

D(1870)

iD

S

3
P0

P

D

N

( i')A

0 (i )-
i(i )-

[o (~')
L('(~')-

0 (0 )+
i (0 )+
0 (& )+
i(i )i

lo (2 )+

gi (z )+

IX~ 1

l& (& k+

3arne as Si

~, (l), J/g (3100)

p, S" x(3415)

D

A1

f, f'
A2

A3

4 (3770)

K" (892)

Q]

K"(1430)

D"(2010)

F3

3 D
2

F
2

3
3

3

(3 )

)N

(3 )

(4) +

'

~+(z )-I'

,
lo (3 )-
g (3 )-
f p (3+)—
I
~+(3+)—

3same as P
l 0 (3+)+

(~+) +
l 0+(4+)+

(4+) +

Regge recurrence of. the
Abnormal-C state (JP)C = (0 )-

( ) K"(1780)
g

ABNORMAL- C STATES THAT CANNOT COME FROM - qq MODEL

Abnormal Cn

state s

model
(& )N-

Haue no qq ) (0 )

0(0 )-
i (0 )-

,
Io+(a )+
i(i )+

[o (o+)-

l
~'(o')
0 (2 )-

lo (s )+

(3 )+

All except

J = 0

are

PJ = normal,

CnP = -i
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Equation (3) shows that 'P, and 'P, have opposite C„,
so the qq model allows both. But the states 'P, and 'P,
have no 'P counterparts. According to Eq. (6) they have
C„P=+1, and with the qq model there is no way to form
a. state with a Jp of 'P, , (i.e. J~ = Normal) and with
C„P= —1. As mentioned, such octets have not shown
up. With the help of Table I one can also see that the
special state 'S» C„P=+1, cannot be formed, so has
Abnormal C„.

When, in addition to the l-excitation, there are radial
excitations of the qq system, Table I repeats itself,
and we need a radial quantum, number n for each rep-
etition (n =1 for the ground state). Examples of first
radial excitations, n =2, are p'(1600), $(3685), and
T'(10060). Examples of further possible radial exci-
tations can be found in the g and Y families.

B. Particle names

If a meson has a well-accepted colloquial name, we
use it. If not, we name it by a single symbol which
specifies its baryon number B (=0 for mesons), its
isospin I, its strangeness S and charm C, and, for a
non-strange, non-charmed meson, its G parity.

The name conventions for mesons are given in the
first part of Table II.

TABLE II. Particle name conventions.

Name

Me sons
n

p

E
D
F

0
0
1
1
1/2
1/2
0

0
0
0
0

+1
0

+1

0
0
0
0
0

+1
+1

2. General remarks

Well-established quantum numbers are underlined
in the Tables of &article Properties (except for stable
particles, where most of the quantum numbers are es-
tablished). We have used what evidence is available
(sometimes flimsy) to guess many of the remaining
ones, and we have indicated with "?"ones (in the
Baryon Table) for which there is almost no evidence.

As is customary, we define antiparticles as the re-
sult of operating with CPT on particles, so both share
the same spins, masses, and mean lives. Whenever
there is a particularly interesting test of CPT invari-
ance we include it in the Stable Particles Table.

For some pairs of.mesons with supposedly identical
quantum numbers, we also use primes; e.g. p, rI';f, t',
p, p'. Note that primes and subscripts do not carry any
further specific meaning.

For bm'yo~zs no attempt has be. n made to attach a
subscript about 4 and P. The name conventions are
given in the second part of Table II. For stable baryons
of each I and S we use the symbol standing alone; for
resonances, the mass is in parentheses [i.e. X(1688),
A(1405), Z(1765), etc.]. The 4 assignments are re-
ported in the Baryon Table as —,'+, —,—,—,'+, etc. , and
also by the symbols P», D», +», which refer to the
7tp or Ap partial-wave amplitude in which the resonant
state occurs (the first subscript refers to the isospin
state: 2 &&I for N and & and just I for Z, A, and 2).
When two or more baryons have identical quantum
numbers we warn the reader by adding primes to the
spectroscopic symbol as explained in footnote (a) of
the Baryon Table.

where q is the absorption paramete. r (0 ~ q ~ 1) and
5 is the phase shift. The subscripts II on T denote
scattering from channel 1 to channel 1 (e.g. mv —vn
or KK-KK).

In Fig. 1 we show an Argand plot of the elastic par-
tial wave amplitude T». It illustrates geometrically
how the real parameters q and 6 are related to the
real and imaginary parts of T». Many examples of
such Argand plots may be found in the Baryon Data
Card Listings.

Im T Im T

IV. CONVENTIONS AND PARAMETERS FOR
STRONG INTE RACTIONS

A. Partial-wave amplitudes and resonance parameters
The vast majority of information concerning baryon

resonances comes in the form of partial-wave analyses.
In addition data concerning meson resonances (vw,
Km, wry) are, with increasing frequency, being sub-
jected to partial-wave analyses. We thus find it natural
to introduce the resonance parameters which we com-
pile in terms of a Breit —Wigner approximation for the
partial-wave amplitude.

In general the elastic amplitude for a given angular
momentum L may be written as

q exp(2i5) —1
11 2i

Baryons
N

ZO~ Z
A
Z

0
&c
Z~

1/2
3/2
0, 1
0
1
1/2
0
0

0
0

+1
-1

0
0

0 Re T '/2 —'/~

(a)

0 Re T '/~

(b)

We use the symbol u for those I~= 0 mesons which are
mainly uu and dd quark states; P for those which are mainly
ss quark states, g for mainly ec states, and T for mainly b5
(hypothesized) states.

FIG. 1. Argand plots for the elastic partial wave amplitude
The outer circles are the unitarity bound (p= 1). The in-

ner circles correspond to the Breit —Wigner approximation of
&q. (2) for (a) x&=r&/I =0.75 and (b) ~, =0.4. Note:
= /2 (m —Z)/Z.
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Consider the so-called non-relativistic Breit —%igner
approximation for T».

T„=-,' r, /(n E —,
' il ), (2)

where E is the c.m. energy or invariant mass, I', and
I" are the elastic and total widths, and ~ is the reso-
nance mass. Equation (2) is, of course, not the only
possible description of a resonant amplitude; but it
suffices to illustrate the properties of partial-wave
amplitudes which we associate with resonance behavior
in the absence of any background in the same partial
wave (see, e.g. , the AN D» and E» waves in the Baryon
Data Card Listings). Usually the widths contain bar-
rier-penetration factors which can vary rapidly with
energy. Near threshold, I', (E) should start up as
q" ' (also tru for the inelastic width I'~). Various E
dependences are then used for I'„mostly of the form

the presence of "background" in the same partial
wave as the resonance,

two resonances in the same partial wave overlapping
in energy,

the resonant energy M being close to an inelastic
channel threshold, in which case a K-matrix-like pa-
rametrization is more appropriate,

the speed of the resonance being very slow so that the
resonance is very broad, and the Breit —Wigner formula
a bad approximation.

B. Sign conventions for resonance couplings

Consider the partial width I'~ of a resonance decaying
into the channel P. We can always define a coupling
constant such that

cc G

(@~)2l +1

r, (E) const+. . . + (qR)" ' (3)
In this case the inelastic amplitude in the Breit-

Wigner approximation, Fq. (4), will go as

see Jackson (1964), PisQt and Roos (1968), and
Barbaro-Galtieri (1968).

The B% approximation to the amplitude for an in-
elastic process leading from channel 1 to channel P
(mm-KK or KN-Zrr, for example) is

T„=-,'(l, l', )'~2/(M E ——,
' zr )

= (x,x,)"'[-,'I'/(VS -E - -,' il')],
(4)

(5)

and x, (called the elasticity) is often written x, . (Note
that in the Data Card Listings we use the symbol I'~
to denote x~.) The channel cross section o,~ for the
reaction 1-P, for spin 0—spin 1/2 scattering, is

4~=~'(J+ )~ T-', „~',
where ~=l + &.

The important features of Eq. (4) which character-
ize resonant behavior in the Argand diagram (Im T,z
versus He T,B& are:

energy variation given by circles with diameter
(x, x~)'~' and maximum amplitude at E =M of

(6)

Tmax ~(x x ) r/2.
1g 1

a maximum in the speed near resonance, given ap-
proximately by

2(x, x,)"'
"Speed" (res) =

~

dT»/dE
~ e ~ =

for slowly varying I'(E). These features may be related
to the q, 6 representation of T». Thus when E=M, 6 is
either 90 (x, & —,') or 0' (x, & —,') and q dips to its mini-
mum value.

These simple properties can be used to judge the
presence or absence of resonance behavior in an
Argand plot, but do not necessarily constitute the cri-
teria we use (see Sec. V). It must also be kept in mind
that Eqs. (2) and (4) are only approximations to the
"true" amplitude. The simple picture given above can
be distorted by various effects:

T„G,G,/(M E —,
' ir),

where G, is the coupling constant for the elastic chan-
nel. In the context of exact SU(3) symmetry the relative
signs of the product G, G~ for different resonances are
often useful as a consistency check on SU(3) assignment
of baryon resonances. See Appendix II for further de-
tails.

In the Data Card Listings for baryon resonances, we
tabulate measured values for (x, x~)'~'~G, GO. When
the sign of the amplitude is determined, it is given;
absence of an explicit sign indicates that it is undeter-
mined (not that it is positive). For A and Z reso-
nances, the signs are chosen according to the conven-
tion advocated by Levi-Setti (1969) and used in the
table of SU(3) Isoscalar Factors presented in this re-
view. Thus the signs multiplying the Breit-%igner
amplitudes for KN-Z(1385)-Z tv and KN- A(1405)
-Zm are simply the product of the phases of the ap-
propriate isoscalar factors. This convention is shown
in Fig. 2, adapted from Levi-Setti (1969).

C. Types of partial-wave analyses

Partial-wave analyses (PWA) are classified into
three categories in the Data Card Listings: energy-
independent partial-wave analyses (IPWA), energy-
dependent partial-wave analyses (DPWA), and model-
dependent partial-wave analyses (MPWA), in. increasing
order of the number of explicit supplementary hypoth-
eses that are used to extract the amplitudes from ex-
perimental data.

In an IP%A, data at. different energies are analyzed
separately. Usually each partial wave included in the
fit is allowed to vary freely (subject to unitarity con-
straints) over some large region, and waves whose an-
gular momenta are above some cutoff value are as-
sumed to be negligible. The sharp cutoff in angular
momentum resolves continuum ambiguities in the so-
lution (such as the overall phase ambiguity), but there
remains a finite number of indistinguishable "best"
solutions (i.e., solutions corresponding to identical
physical observables) which have been codified by
Barrelet (1972). In addition, there are generaQy some

Rev. tVlod. Phys. , Vol. 52, No. 2, Part II, April 1980
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SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES

8~ jeIfaj; )8I
h (1670) h(1690)

8 01 003

lac

P 13
E(1385)

013
E(1670)

)8$

II
E(1385) h(1815) h(1830) X(2030) h(2100)

PI3 F05 005 F17 G07

~ X X
'

X X X X
SO! 003 013 S 11 015 FI5

h(1405) h(1520) Z(1670) E (1750) y (1765) g (1915)
I'8) j 8I

(8} I 8| iiOI

X (1750) E(I765) E(1915) X(2030)
S I I 015 Fi5 FI7

X X

/
( v T

/x /

X X X,

FIG. 2. Plot adapted from
Levi-Setti (1969) showing the
sign convention adopted here
for the g& and A& amplitudes.
Once the signs of one I = 0 and
one I= 1 amplitude are fixed,
the others can be measured
relative to these two. Arrows
here indicate signs predicted
by SU(3); x marks indicate
the observed phases; indi-
cates phase chosen according
to sign convention described
in text. The g(1915) predic-
tions have been changed from
Levi-Setti's original figure.

nea. rby solutions (and their associated 13arrelet am-
biguities) which have chi-squared values close to the
minimum one.

At the end of the analysis a choice is made among
these many solutions, usually on the basis of energy
continuity. A popular criterion for making this choice
is the shortest path technique in which the total "length"
of the preferred solution is chosen to be a minimum.
The definition of "length" used here is not universal but
is usually closely related to the total geometrical length
of the lines representing the various partial-wave am-
plitudes in Argand plots (see the baryon section of the
Data Card Listings for examples of Argand plots).
Various other criteria which are also used in some
analyses are, e.g. , matching with known solutions at
low energies, the presence of known resonances in the
final results, and limited inelasticity in high partial
waves.

In a DPWA, data at different energies are fit simul-
taneously by using an energy dependent parametriza-
tion of the partial-wave amplitudes. The parametriza-
tion is usually chosen to include both resonances and
nonresonant ba, ckground of some sort and an attempt
is made to keep it as "model independent" as possible.
Often the data are grouped into several energy bins
which are fit separately rather than trying to fit. the
whole energy range under consideration simultaneous-
ly. One of the main advantages of DPWA over IPWA
is that sparse data spread over many different energies
ca,n be analyzed, e.g. , nearly all S=-1 analyses are
DPWA. In addition, the built-in energy continuity helps
to resolve the ambiguities that plague IPWA and eases
the problems associated with resonance parameter
extraction. The price one pays for these advantages
lies in the danger of systematic error in the amplitudes
and poor fits to the data if the parametrization is poorly
chosen or insufficiently flexible.

An MPWA also uses an energy-dependent param-
etrization, but one based on explicit model-dependent
theoretical. assumptions such as Regge exchanges.
This technique is usually applied to reactions where the
data are incomplete. There is, of course, no sharp
distinction between DPWA and MPWA, and a well chosen
MPWA parametrization may actually be less biased
than a model-independent but poorly chosen DPWA
parametrization.

D. Production of resonances

Hereby, we mean the observation of statistically
significant peaks in invariant mass plots or, loosely,
in integrated cross sections. Many meson resonances
are of this type. We expect most of these peaks to be
associated with Breit-Wigner behavior in appropriate
Argand plots; thus the p meson peak in mm mass plots
is firmly related to the I= I, l =1 717t phase shift passing
through 90'.

From mass plots we ean determine M, I", and the
approximate branching ratios

x./x, = I „/r,.
In the case of total cross sections, the peak above
background gives us, using the optical theorem, the
product (&+-,')x, :

o"'(E =M) =4~X'(~+ ,')x, . -

V. CRITERIA FQR RESONANCES

An experimentalist who sees indications of a reso-
nance in some energy (or mass) region will of course
want to know what has been seen in that region in the
past; hence, we strive to have the Data Card Listings
serve as an archive for all substantial claims for reso-
nanees.

For the Tables of Particle Properties, on the other
hand, we wish to be more conservative and to include
only those peaks or resonances which we feel have a
large chance of survival. An arrow (-) at the left of
the Tables of Particle Properties indicates that a ques-
tionable candidate has been omitted from the Table,
but that it ean be found in the corresponding part of
the Data Card Listings. One's betting odds for survival
are of course subjective; therefore no precise criteria
can be defined. Very slow speeds (F. and w) make it
quite difficult to decide what is a resonance and what
is not. For more detailed discussions, see t'he mini-
reviews in the Listings. In what follows we shall at-
tempt to specify some guidelines.

(a) When energy-independent partial-wave analyses
are available (mostly for N"'s), approximate Breit-
Wigner behavior of the amplitude appears to us to be
the most satisfactory test for a resonance. We can
check that the Argand plot follows roughly a lefthand
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circle, and that the "speed" of the amplitude also shows
a maximum near the resonance energy; further, there
should be data well above the resonance, showing that
the speed again decreases. Indeed proper behavior of
the partial-wave amplitude could accredit a resonance
even if its elasticity is too small to make a noticeable
peak in the cross section.

Of course even if Argand plots are available, it may
still be a matter of opinion-as to what behavior consti-
tutes a resonance. Such an example is t11e Zo(1780)
state seen in ~N total cross-section experiments and
in partial-wave analysis. The partial-wave analyses
of Giacomelli (1974) and Martin (1975) find preferred
solutions which exhibit a resonance-like loop in the
+py wave near 174O MeV. However, Giacomelli ef al .
and Martin point out that, despite the resonantlike
appearance of the loop, the evidence for resonant en-
ergy dependence is inconclusive. Thus we omit the
Z, (1780) from the Ba.ryan Table. A similar quandary
has existed for some time concerning the Z, (1900),
and it too has been omitted from the Table.

(b) When there are insufficient data to perform en-
ergy-independent analyses, one often resorts to en-
ergy-dependent partial-wave analyses (mostly for
I' 's). In this case Breit —Wigner behavior is an input.
We therefore require that resonance solutions be found
by several different analyses, preferably in different
channels (ÃN-ZN, 71Z, etc. ), before putting the claim
in the table.

(c) Partial-wave analyses of three-body final states
(71K- ~71K) are now available. While these analyses are
based on the isobar model (mN- pN, 11&, etc. ) and are
subject to theoretical objections of varying importance,
they provide increasingly reliable information on in-
elastic decay modes of otherwise established reso-
nances.

(d) Most mesons, "*peaks, and high mass N* and
&* peaks fall into a category for which no partial-
wave analyses exist. In general we accept such peaks
if they are experimentally reliable, of high statistical
significance or observed in several different pro-
duction processes.

Thus, we enter into the Tables of Particle Properties
only states for which there is experimentally convinc-
ing evidence, and we expect that most of these wi1.1 be
confirmed as resonances.

Vl. CONVENTIONS AND PARAMETERS FOR WEAK
AND ELECTROMAGNETIC DECAYS

A. Muon-decay parameters

The lL(. -decay parameters describe the momentum
spectrum (p and 1t), the asymmetry ($ and 5), and the
helicity (I1) of the electron in the process p, '-e'+v
+ v. Assuming a local and lepton-conserving interac-
tion, the matrix element may be written as

e I',. p. v I",. C&+C',. y5 v

p = [8g~ + 8g v + 8g z 1/D ~

& = [gs A~+ 2g~ 2gv1/D

for the asymmetry parameters:

8gs gI COSAs1 —8g~gv COS@Av+ 14ArCOS'@ rr
D

5=[ Gg„gvcos@„v+6grcosQ»]/Dg,
and for the parameter describing the helicity of the
electron. '

AsApcosPsp 8gAgvc s@Av AT cosATTh=
D

D g~ +g~+4g~+ 6g~+4g ~,
c; I'+ Ic;.

cos@,, =Re(C,*C',. +C', C~) .
The quantities g,. are defined to be real non-negative
numbers, and the P,, are phase angles between the i
type and j-type interactions. Under the assumption of
two-component neutrinos C,' = —C,. and C',. = —C, , the
S, P, and T terms vanish, and Q„v is the phase angle
between C„and C~ in the complex plane.

By using the above equations and the experimental
determinations of p, 1I, g, 5, and I1, limits can be
placedong~/gv, g„/gv, gr/gv, gJ,/gv, and&„v. The re-
sults, given in the Data Card Listings, assume neither two-
component neutrinos nor time-reversal invariance. If,
however, two-component neutrinos are assumed, then
sing„v is the amplitude of time-reversal violation.
Note that most experiments study only the upper end
of the spectrum where p and p are highly correlated,
so they can only report p for q=—0 and p for p=—&. The
values for p and g we use here were obtained by com-
bining measurements of both upper and lower ends of
the spectrum and turn out to be nearly uncorrelated.

Note also that the radiative corrections are unam-
biguous only when g~ =g~ =g~=0. The same limits on
g„/gv and Q«are obtained, however, as wheng~, gr,
and g~ are left free.

Current values for the asymmetry parameters as
well as Ig„/g„Iand @«are given in the Addendum
to the Stable Particle Table. In addition, upper limits
on Igg/gvI, Igr/gvI and Ig~/gvI are givell i11 the p,

section of the Stable Particle Data Card I igtings.

B. K-decay parameters

1. Dalitz plot for K~ 3' decays

The Dalitz plot distribution for the v mode
(K'-71'v'11'), the 7' mode (K'- 71 71 71'), and the r mode
(W~ —11'11 11') of K decay can be parametrized by aseries
expansion such as that introduced by Weinberg (1980).
We use the form

where the summation is taken over i =8, V, T,A, I',
Using the definitions and sign conventions of Kinoshita
and Sirlin (1957), we have for the momentum parame-
ters

2. S2 —S~ S2 —S~+j 2 +4 2 +. . .
m~+ ~w.
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where m'„has been introduced so as to make the co-
efficients g, h, j, and k dimensionless, and

s,. =(P P,-)'=(.m -m, .)' 2m, T„i=i, 2, 3,

1 ~ 1/ 2 2 2 2X
SP 3 ~ S& 3 (mg +my +m2+m3)

Here the P,. are 4-vectors, m,. and T,. are the mass and-

kinetic energy of the ith pion, and the index 3 is used
for the odd pion.

The coefficient g is a measure of the slope in the
variable s, (or T,) of the Dalitz plot, while h and k
measure the quadratic dependence on s, and (s2 —s,),
respectively. 'The coefficient j is related to the asym-
metry of the plot and must be zero if CI' invariance
holds (C stands for charge conjugation throughout the
discussion in this section). Note also that if CP is good,
g must be the same for T' and 7, and similarly for h

and k.
Since different experiments use different forms for

lM ~', in order to compare the experiments we have
converted to g, h, j, and k whatever' coefficients have
been measured. See the mini-review in the K' section
of the Stable Particle Data Card Listings for details
on this point. The results are given in the Addendum
to the Stable Particle Table and in the K' and K~ sec-
tions of the Stable Particle Data Card Listings.

Relations among 7', 7", and ~' are predicted by the
~I=& rule. See Appendix I for these relations and a
discussion of this rule.

f,(t) =f,( 0)[1 +X,(t m/,')].
Most K» data are adequately described by Eq. (3) for
f, and a constant f (i.e. & =0). There are two equiv-
alent parametrizations commonly used in these an-
alyses:

(1) A.„p(0)paxametvization. Analyses of K„data
often introduce the ratio of the two form factors

((t) =f (f)if, (t) .
The K„3decay distribution is then described by the
two parameters X„and $(0') (assuming time reversal

(3)

2. Form factors in K3 leptonic decays

Assuming that only the vector current contributes to
these decays, we write the matrix element as

M ~f (t)[(P»+P ), u, z„(1+&,)u,]+f (t)[m,u, (1+v,)u,],
(2)

where P~ and P, are the four momenta of K and m

mesons; m, is the lepton mass; f, and f are dimen-
sionless form factors which can depend only on t
=(P» —P,)', the square of the four-momentum trans-
fer to the leptons. f, and f are relatively real if time-
reversal invariance holds for these decays. ~„ex-
periments measure f, and f, while K„experiments are
sensitive only to f, because the presence of the lepton
mass makes the f term negligible.

(a) K, experiments.

Analyses of K 3 data frequently assume a linear de-
pendence of f, and f on t, i.e.

invariance and X =0). These parameters can be deter-
mined by three different methods:

Method A. By studying the Dalitz plot or the pion
spectrum of ~ 3 decay. TheIDalitz plot density is
[see, e.g. Chounet et al. (1972)]:

p[E, , E ) ~ f,'(t) [4 +Bg (t) + C g (t) '],
where

A =m (2E E„—m»E,')+m'„(—,'E,' —E,),
E =m'. (E.——,'E,'),

2 2 2
~max E, F ~ u,

fr fr 2m r'

Here E„E,and E, are respectively the pion, muon,
and neutrino energies in the kaon center of mass. 'The

density p is fit to the data to determine the values of
X„)(0),and their correlation.

Method E. By measuring the K„/K„branching ratio
and comparing it with the theoretical ratio [see, e.g. ,
Fearing et al. (1970)] as given in terms of X, and $(0),
assuming p, -e universality:

I"(K'„)/I'(K'„)= 0.645 7 + 1.4115K, + 0.1264 $ (0)

+ 0.0192$(0)'+ 0.0080K, ((0),
r(K'„)/r(K'., ) =0.6452+1.3162K, ~0.1246$(0)

+0'.0186((0)'+0.0064K, f(0) .

This cannot determine X, and ((0) simultaneously but
simply fixes a relati. onship between them.

Method' C. By measuring the muon polarization in

3 decay. In the res t frame of the K, the p, is ex-
pected to be polarized in the direction A with P =A/
~A ~, where A is given [Cabibbo and Maksymowicz
(1964)] by

A=a, (()p,
P

I

+m»lm((t)(p, && p, ) .
If time-reversal invariance holds„ ) is real, and thus
there is no polarization perpendicular to the K-decay
plane. Polarization experiments measure the weighted
average of g(t) over the t range of the experiment,
where the weighting accounts for the variation with t
of the sensitivity to ((t).

(2) X„X,paxamet~ization. Some of the more recent
~„analyses have parametrized in terms of the form
factors f, and f, which are associated with vector and
scalar exchange respectively to the lepton pair. f, is
related to f, and f by

f,(t)'=f, (f) + [t/(m' —m', )]f (t) .
Here f,(0) must equal f, (0) unless f (t) diverges at t =0.
The earlier assumption that f, is linear in t and f is
constant leads to f, linear in t:

f, (t) =f,(0)[1+~, (t/m', )] .
With the assumption that fo(0) =f,(0), the two para-

metrizations, (X„P(0))and (X„X,) are equivalent as
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long as correlation information is retained. (X„X,)
correlations tend to be less strong than (X„F(0)),cor-
relations.

The experimental results for $(0) and its correlation
with X, are listed in the K' and K~ sections of the Stable
Particle Data Card Listings in See. XIA, XIB, or
XIC depending on whether method A, B, or C discussed
above was used. The corresponding values of &, are
listed in subsection L+M.

Because current experiments tend to use the (X„X,)
parametrization, we have added a subsection LO for
X, results. Wherever possible we have converted ((0)
results into A.p results and vice versa.

(n) K„experiments.

Analysis of K„data is simpler than that of K, be-
cause the second term of the matrix element assuming
a pure vector current [Eq. (2) above] can be neglected.
Here f, is usually assumed to be linear in t, and the
linear coefficient X, of Eq. (3) is determined.

If we remove the assumption of a pure vector cur-
rent, then the matrix element for the decay, in addi-
tion to the terms in Eq. (2), would contain

+2m~(f, u, (I +y, )u„+(2fr/m~)(P„), (P ),u, o„(1+y,)u. ,

where fs is the scalar form factor, and fr is the tensor
form factor. In the case of the K„decays where the
f term can be neglected, experiments have yielded
limits on Ifs/f, I

and ~fr/f, I.
The K„results for X, [fs/f. l ~ and

in the subsections I+~, I S, and FT, respectively of
the K' and K~ sections of the Stable Particle Data Card
Listings.

See also the Note on K'„and K» Form Factors in the
K' section of the Stable Particle Data Card Listings for
additional discussion of the K, parameters, corre-
lati.ons, and conversion between parametrization and
also for a comparison of the experimental results.

3. CP violation in Ko decays

We list parameters for four different reactions in
which CE' can be tested Ifor details, see Okun and
Rubbia (1967), Steinberger (1969), and Wolfenstein
(1969)].

I'(Kz - v I 'v) —I'(K~ - 7i "I v)
I'(K~ - 7i I' v) + I'(Ki - 7i'I v)

This asymmetry violates CP invariance. If CPT is
good, for a pure K~ beam, 0 can be written as

n =2I(1 —lx I')/(l l -x
I )] R«,

where x is the &&= &Q-violating parameter defined in
section B.4, and E is the parameter of the expansion

IK.&
= I:(I+~) IK& -(1 —&) IK&]/I2(1+

I

~ I')]"',
IK,& =l(1+~) IK)+(1 ~) IK&]/I2(1+ I~

I )]

(5a)

(5b)

We give 5 in the Addendum to the Stable Particle Table.
In addition, in the K~ CP-violation section of the Stable
Particle Data Card Listings, we list 6 separately for
K~ —

Yt p, v and K~-viev.

(d) K~-2v decay.

The relevant parameters are

q, =A(K, - ~'v-)/A(K, - v'~-)

=
I q. I

exp(iy. ),
q„=A(K, —~'&')/A (K, —v'~')

= I7I„Iexp(i@„),

e, defined in Eqs. (5) above, and

~' = —,
' iv2 exp[i(in, —n, )]Im(A, /A, ) .

Here, A,. and 6,. are the amplitude and phase of m7t scat-
tering at the K mass, defined by

several forms for this CP-violation term. As described
in the mini-review in the K' section of the Stable Par-
ticle Data Card Listings, we have converted all results
to coefficient j in Eq. (1) above. The latter is listed
among the CP-violating parameters at the back of the
K~ section of the Stable Particle Data Card Listings.
Note that only upper limits have been reported for this
quantity.

(c) Asymmetry in the K~- z'I v decays.

The quantity measured and compiled here is

(a) K, - ~ v-~'.

The quantity measured here is the, ratio of amplitudes
(I = 0

I
T IK) = exp(in, )AO,

(I=2
I

T IK) =exp(in, )A, .
A, (K, —v r v')/A, (K,-—~ ~ ~') x+iy. = (4)

Wu and Yang (1964) have derived the relationships
If CP T invariance holds and there is no I=3 state pres-
ent, then x can be neglected and CP violation would be
observed as a nonzero y. We give the result for Eq.
(4) in the Kz section of the Stable Particle Table and
under Branching Ratio &4 in the K~ section of the Stable
Particle Data Card Listings. Our procedure is to
assume that x =0, and to list (As/A~)' in the form of a
branching ratio.

(n) Charge asymn et' in K~- 3m decays. .

As mentioned above, the presence of a term in (s,
—s,) in expression (1) describing the Dalitz plot dis-
tribution for v', & decays of K mesons would be an
indication of CP violation. Experimenters have used

We give q, , q«, @, , and &f&« in the Addendum to the
Stable Particle Table. The phases are measured di-
rectly, whereas the magnitudes g. and happ are derived
parameters. We use, as far as we can, the directly
measured quantities as input and calculate g, and happ

from the values given by our constrained fits. 'There-
fore, if one looks at the Data Card Listings, most of the
lql measurements appear in the form of branching
ratios, with appropriate comments. We then give the
values of q, and

I q« I' in a separate list at the end of
the CP-violating parameters section of the K~ section
of the Stable Particle Data Card Listings.
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4. AS= AQ rule in K decays

The relative amount of &Se &Q component present
is measured by the parameter x, defined as

x =A (K —v I'v)/A (K - v I'v) .
We list Re/x} and Im{xj for both K„andK, , at the end
of the Stable Particle Data Card Listings and give val-
ues in the Addendum to the Stable Particle Table.

C. q-decay parameters

1. C-violation in q decays

As a test of possible C-violation in electromagnetic
interactions, a number of experiments have looked for
possible charge asymmetries in the decays p-7i'm m

and q- m'm y. We list the following parameters:

(a) The left-right asymmetry

~=(x -~)/(~'+~),
where N"' means the number of events with the m"'

energy greater than the m"' energy in the q rest frame.
(b) The sextant asymmetry

Nx + N~ +N5 —N2 —N4 —N6

N, -N. -N. -N. -N, -N.
for the decay p-m'7]. m . The numbers refer to the sex-
tants of the Dalitz plot [see, for example, I ayter
(1972)]. 2, is sensitive to an I=0 C-violating asym-
metry.

(c) The quadrant asymmetry A„defined in a similar
way as A„butwith each sector of the Dalitz plot pow
containing v/2 rather than v/3 radians. A, is sensitive
to an I= 2 C -violating final s tate.

(d) The d-wave contribution to the C-violating am-
plitude in the decay g -m'n y. The upper- limit for this
contribution is measured by the parameter P, defined
by

dN/d
l
cos&

l
~ sin'9 (1+P cos'&),

where 8 is the angle between the n' and the y in the di-
pion center of mass. A term proportional to cos 9
could also be due to p- and f-wave interference.

%e list A for the decay modes g- n'm m and q-v's y, A., and A, for the decay 7)- m'v v', and P for
the decay g-m'm y in the g section of the Stable Particle
Data Card Listings.

2. Dalitz plot for q~ sr+ m-A

The Dalitz plot for the decay q- m w m may be fit by
the distribution

(x,y) I'~1+ay +by'+cx+dx'+exy .
Here,

x =MS(r, T)/q, y =(3T,/q-) —1,
T T Tp are the kinetic energies of the n', vr, and

in the q rest system, and Q =m„—m„—m —m o.
The coefficient of the term linear in x is sensitive to
C-violation due to an I=0 or I=2 final state. %e list
papers presenting determinations of the parameters
a, b, e, and d in the g section of the Stable Particle

Data Card Listings. However, we do not tabulate val-
ues of these parameters because the assumptions made
by different authors are not compatible and do not allow
comparison of the numerical values.

3. Dalitz plot for q~ m+~-p

'The Dalitz plot for the decay q- m'm y may be fit to
the expression

lm l'~1+2am,

where
2 p2

(Z,. —,'m„)

Here E,. is the energy of the ith pion in the q rest
frame, and p is the distance to the center of the Dalitz
plot. We list the parameter n in the q section of the
Stable Particle Data Card Listings.

D. Baryon-decay parameters

1. A/V ratio for baryon leptonic decays
Consider the decay

B,-B~+l+ v.
Assuming V, A theory, neglecting "induced" scalar,
"induced" pseudoscalar, and axial weak-magnetism
terms, and neglecting the q' dependence of the form
factors, the baryon part of the matrix element for
these decays may be written [Goldberger and Treiman
(1958)] as

&&~ l~.(g v-g~y. )+(g~/m. , )o'"~. l&;&,

where S,- and hf represent initial and final baryons,
g„andg~ the axial and vector coupling constants, g~
the weak magnetism coupling constant, and q„the
sum of the lepton momenta. Here the Pauli represen-
tation is used for the y matrices. The ratio g„/g~ may
be written. as

g~/g v= lg~/gv 'l exp(f@)

where @ is 0+ n7r if time reversal holds [see Jackson
et al. (1957)].

Experiments on the leptonic decays of baryons other
than the neutron have generally assumed Q to be either
0 or m, and have thus measured the magnitude and sign
of g„/g~. In studying neutron beta decay, however, ex-
periments have been sensitive enough to measure &f&

more precisely, and we include the phase angle in our
Listings for this case. It is consistent with time-rev-
ersal invariance, and by using the above definition of
the matrix element with the Pauli representations, the
value of g„/g~ in neutron beta decay is negative.

Due to statistical limitation the meak magnetism form
factor g~ is usually assumed from C VC and SU(3), so
only g„andg~ are determined experimentally. This
determination is accomplished in a variety of ways.

(a) The lepton-neutrino angular correlation provides
a measure of the absolute value of g„/g~ [for relevant
formulas, see, e.g. , Albright (1959)].

(b) The up-down asymmetry of the lepton from po-
larized baryon decays provides a measure of g„/g»
with its sign [for relevant formulas, see, e.g. , Albright
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(1959)].
(c) The lepton spectrum, given enough statistics,

provides a. measure of g„/gv with its sign Ifor relevant
formulas, see, e.g. , Bender (1968)].

(d) The polarization of the decay baryon, from po-
larized or unpolarized initial baryon, also provides
g~/g~ with its sign [for formulas, see, e.g. , Willis and
Thompson (1968)I.

(e) The presence of a term proportional to

o,. (p. xp.),
where the initial baryon is polarized or

o ~ (p, xp, ),
where the polarization of the decay baryon is observed
provides a measure of the deviation of g from 0 or v,
and is thus a test of time-reversal invariance [see,
e.g. , Willis and Thompson (1968)].

We compile the ratio@„/g~ with its sign, for those
decays for which it has been measured.

All the coupling constants and decay rates for baryon
leptonic decays are related by Cabibbo's theory
[Cabibbo (1963)I, extended to six quarks (and'three
mixing angles) by Kobayashi and Maskawa (1973). A
recent fit to this theory has been done by Shrock and
Wang (1978).

2. Asymmetry parameters in nonleptonic hyperon decays

The transition matrix for the hyperon decay may be
written as

M =s+p(o'q),
whe re s and p are the parity- changing and the parity-
conserving amplitudes, respectively; 0 is the Pauli
spin operator, and q is a unit vector along the direction
of the decay baryon in the hyperon rest frame.

The asymmetry parameters are defined by the rela-
tions

o. =2 He(s*p)/(Is I'+ Ip I'),
p=21m(s*p)/(ls '+ Ip I'),
y=(ls I' —Ipl')/(ls I'+ Ip I').

With the transition matrix (6), -the angular distribu-
tion of the decay baryon, in the hyperon rest system,
is of the form

Note that n is the helicity of the decay baryon for un-
polarized hyperons.

The three parameters o.', P, and y satisfy the relation

n'+P'+y' = 1.
It is then convenient to describe hyperon nonleptonic
decays in terms of the two independent parameters +
and the angle &f& defined by

P = (1 —o")'~ ' sing,

y = (1 —o.')"' cosy,
which has a more nearly gaussian distribution than P
or y. Evidently

—2v ~@ ~ —,v for y&0,
1 3+ —,v ~

&j&
~ —,v fo r y & 0 .

In discussing time-reversal invariance, the quantity
of interest is &, defined by

~ = 2 Is I I p I
cos &/( ls I'+

I p I'»
2 I slip I

sin&/(Is I'+ Ip I') i

that is, & is the phase angle of s relative to P. Evident-
ly

—&a~ & ~ &m for &&0,

+2m «& ~g for n &0.

Under the assumption of time-reversal invariance, the
angle & must satisfy the relation

modulo m, where 0, and 5~ are the pion —baryon scat-
tering phase shifts at the appropriate energy and for
the appropriate isospin state. For && decay, assuming
the validity of the

I
&II = —,

' rule,

= (7.0 + 1.0) de g.

In the Stable Particle Data Card Listings we give & and

Q for each decay since they are the most closely related
to the experiments and are essentially uncorrelated.
Whenever necessary we have changed the signs of the
reported values, so as to agree with our conventions.
In the Stable Particle Table we give o.', &f&, and & with
errors; and for convenience we also give the central
value of y, without an error.

I= 1+ &P~. q,
where Pr=(& Io'I Y) is the hyperon polarization.

In the notation of Lee and Yang (1957) the polariza-
tion P~ of the decay baryon is'

(o.'+Pr. q)q+P(pr xq)+yq x (Pr xq)
I+nP q

where P~ is defined in that rest system of the baryon
obtained by a Lorentz transformation along q from the
hyperon rest system in which q and P~ are defined.

We divide this discussion on obtaining averages and
errors into two sections:

A. the unconstrained case, or "simple averaging",
and

B. the constrained case.

In what follows, the term "error" means one standard
deviation (1o); that is, for central value x and error
6x, the range x+ 6x constitutes a 68.3% confidence in-
terval.

Note that Lee and Yang (1957) contains a misprint. The
minus sign in the definition of p should be replaced by a 2. In
addition, our unit vector q is the direction of the baryon,
whereas their unit vector p is the direction of the pion.

This value for 6, —0& is derived from the phase-shift analy-
ses by Ayed (1976). The error is our estimation of the uncer-
tainty allowing for possible correlations.
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A. Unconstrained averaging

We first describe the standard procedure we have
used for several years to determine averages and
errors. We- then discuss a second method, which we
feel offers a less conservative, but possibly more
accurate, estimate of errors.
't. Standard procedure —Gaussian distribution with
scale factor

We begin by assuming that measurements of a given
quantity obey a gaussian distribution, and thus we cal-
culate a weighted average and error

x + M = zv,.x,. zv,.

WEIGHTED AVERAGE = 104 . 2 + 12 .1
ERROR SCALED BY 2.3

FOLEY
GRAYER

.CRENNEL
ALSTON-GA

.DAHL

BARLOW
.BARLOW

0 SO 100 150 200
A2 WIDTH (MEV)~ K KBAR MODE

2SO

72 CNTR

71 ASPK
71 HBC
70 HBC
67 HBC
67 HBC

67 HBC

CHISQ
0.2
7.2

0.3
10.1
l0. 3
3.0

32.6
(CDNLEV
=0.000)

FIG. 3. Ideogram of early measurements of the A2 width, as
determined from the XZ mode. The vertical line indicates the
position of the weighted average, while the horizontal bar atop
the line gives the error in the average after scaling by the
SCALE factor. Only those experiments indicated by+ error
flags were precise enough to be accepted in the calculation of
the SCALE factor; the column on the far right gives the x
contribution of each of these experiments. Occasionally, less
precise experiments are included in the calculation of the
weighted average, but not SCALE; they have L error flags.

n), =[1/.(6x,.)'],
where x, and ~x,. are the value and error, respectively,
reported by the ith experiment, and the sums run over
N experiments. We also calculate y' and compare it
with its expectation value of N —1.

If X'/(N —1) is less tha. n or equal to 1, and there are
no known problems with the data, we accept the above
results.

U y'/(N —1) is very large, or if there is prior knowl-
edge of extremely large inconsistencies between ex-
periments, we may choose not to average the data at
all. Alternatively, we may quote the calculated average,
but then give an educated guess as to the error; such a
guess is generally a quite conservative estimate de-
signed to take into account known problems with the
data.

Finally, if y'/(N —1) is greater than 1, but not to
such a large extent, we still average the data, but then
try to make up for this fact in two ways:

(i) We plot a.n ideogram to guide the reader in de-
ciding which data might be rejected before selected
averages are made. An example of such an ideogram
is given in Fig. 3 below. Each experiment appearing

in the plot is represented by a gaussian with central
value x;, error 5x, , and area proportional to 1/5x, .
The choice of area is a somewhat arbitrary one; it is
based on the assumption that an experimenter will work
to reduce his (or her) systematic errors until they are
slightly smaller (but seldom much smaller) than the
statistical errors. Thus, as a bubble chamber phys-
icist gets more events, he (or she) will use them both
to reduce the statistical errors and to study the biases.
Our confidence that a significant systematic error
has not been made in a given experiment, as compared
with other contradictory experiments, then tends to
go up a.s 1/6x,

But why not assign a weight 1/6x';, as is done when
computing a weighted average? We feel that this is
equivalent to assuming that large systematic errors
are as infrequent as large statistical fluctuations, and
that this is unrealistic.

We .emphasize the difference between least-squares
averaging (where the weighting factor is the inverse
square of the error) and the ideograms prepared for
visual display. The former arithmetic is of course
best if one has statistically distributed input, and yields
a qarrow gaussian distribution centered at the weighted
mean. The ideogram (often multipeaked and certainly
not gaussian) is based on the opposite hypothesis that
some of the input is systematically in error. The idea
behind least-squares averaging is that experiments &,

2, 3, etc. , are all valid (so we should multiply their
probabilities). Our ideograms arebasedon the assump-
tion that 1 ox 2 ox 3, etc. , is valid, "hedged" with 1/
6x,. betting odds; we then add their probabilities. Both
approaches cannot simultaneously be right; we leave
it to the reader to choose. A glance at the ideogram
will show, however, that the discrepancy is often not
severe for reasonably distributed input.

(ii) The second way in which we try to take account of
y'/(N —1) being greater than 1 is to scale up our quoted
error 6x in Eq. (1) by a factor

(2)

Our reasoning is as follows. Since we do not know which
one or more of the experiments are wrong, we assume
that all experimentalists underestimated their errors
by the same scale factor (2). If we scale up all input
errors by this factor, y' returns to N —1, and of course
the output error scales up by the same factor.

If all the experiments have errors of about the same
size, the above (straightforward) procedure for calcu-
lating SCALE is carried out. If, however, we are to
combine experiments with widely varying errors, we
must modify the procedure slightly. This is because it
is the more precise experiments that most influence
not only the average value x, but also the error 5x.
Now, on the average, the low-precision experiments
each contribute about unity to both the numerator and
the denominator of SCALE, hence the y' contribution
of .the sensitive experiments is diluted, i.e., reduced.
Therefore, we evaluate SCALE by using orally experi-
ments for which the errors are not much greater than
those of the more precise experiments. Explicitly,
to calculate SCALE we use only the most sensitive ex-
periments, i.e. , those with errors less than 60, where
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the ceiling 5o is (arbitrarily) chosen to be

Here 5x is the unscaled error of the mean of all the
experiments. Note that if each experiment had the
same error 5x, , then 5x would be hx, /N'. ~', so each
individual experiment would be well under the ceiling
on SCALE.

This scaling approach has the property that if there
are two values with comparable errors separated by
much more than their stated errors (with or without a
number of other experiments of lower accuracy), the
error on the mean value 5x is increased so that it is
approximately half the interval between the two dis-
crepant values.

We wish to emphasize the fact that our scaling pro-
cedures for evzones in no way affect central values. In
addition, if one wishes to recover the unscaled error
6x, one need only divide the given error by the SCALE
factor for that error.

2. A second procedure —Student's distribution

The second method of averaging data, described in
detail in Roos et al. (1975), relies upon an empirical
determination of the distribution of the residuals for
the ensemble of data appearing in the Review. The
residual for the ith measurement of a quantity with
average value x is defined as

l,. = (x,. -x)/5x, .

(3)

Here K is a normalization constant, and n and c are
parameters which the authors then fit to the combined
sample of data. 'The resulting empirical distribution is

(h/1. 11)' -""
S, (h/1. 11)=0.351 1+

Note that the shape of 8» is somewhere between that
of a gaussian (=S„)and that of a Breit —Wigner (=S,).

Boos et nl. select several different subsamples of the

data, and show that the residuals for each subsample
have approximately the same properties; in particular,
their first few even moments'are similar. Since the
distributions have longer tails than a gaussian, the

authors choose to represent them by a distributionfunc-
tion having such a property, namely the Student dis-
tribution

(l /c )
2 -( w 1 ) / 2

S (a/c) =fr 1+
n n

The proposed method of averaging the data for a given
quantity then consists of finding the value of x which
maximizes the log-likelihood function

(5)

the sum here is again taken over all N measurements
of x. The error 5x is determined by finding the varia-
tion in x needed to decrease the log-likelihood by 1/2:

log Z (/x,.) ~

x) —log Z ((x,) ~

x+ 5x) = -,' .

Comparison oII' pl'ocedures

Both of the procedures described above adopt a par-
tially empirical approach to the problem that measured
values for the quantities tabulated in this Review do not
exhibit the gaussian behavior naively expected. (This
problem, it should be noted, persists even when careful
attempts are made to resolve difficulties and incon-
sistencies in the data prior to averaging. )

The first approach operates on a quantity-by-quantity
basis and adjusts the error in each case so that no
scaled g'/(N —1) is greater than 1. This is obviously
rather conservative, since even if the data obeyed a
gaussian distribution, about half of the quantities would
be expected to have X'/(N 1)&1.—

The second approach, on the other hand, assumes
that (provided we first eliminate quantities with ob-
vious, known problems) all quantities have the same
theoretical distribution function, namely the fairlylong-
tailed S»(h/1. 11). With this supposition, if a particular
quantity has a large X', it is assumed to be just a
happenstance, occasioned by a random fluctuation into
the long tails, and no special scaling for this quantity
is done. This procedure thus results in generally
smaller, or less conservative, error estimates for
quantities having X'/(N —1)&1. (However, it should
be noted that, because of the overall scale of 1.11 ap-
pearing in the empirical Student's distribution, the
errors for quantities with y'/(N —1) ~ 1 are actually
increased by about 1(P/0. ) Table 3 shows some com-
parisons of sample results from the two procedures,
using data from the 1978 edition of the Review. Shifts
in both x and M can be observed, especially where
SCALE & 1.

Since the second procedure is a significant departure
from the traditional method, we have repeated the pre-
viously adopted approach: in the Data Card Listings
we give the average-and-error for each quantity cal-

TABLE III. Compari'son of procedures (data from 1978 edition).

Particle proper ty

Pure
gaussian

x+6x

Standard method:
gauss3Bn + scale factor

x+ Bx Scale

Proposed method:
Student' s distribution

x+ 0x

po mass (MeV)
g' mass {MeV)
p mass (MeV)
X~ mean»feg 0 '8)
v+ mean life(10 s)
X- mean life (10-"s)

& ~+& (Fo)
A~ p~ (%)

770.
957.

1019.
5.
0.
1.
5.

63.

23 +0.65
57 + 0;25
62 +0.16
158 + 0. 042
8015+ 0. 0053
483 *0.011
521 + 0. 075
99 +0.49

770. 23 + 0.
957. 57 + 0.

1019.62 ~ 0.
5.158 ~ 0.
0. 8015+ 0.
1.483 + 0.
5.521 +0.

63.99 ~ 0.

88
25
24
042
0053
015
098
49

1.3
1.0
1.5
1.0
1.0
1.4
1.3
1.0

770.
957.

1019.
5.
0.
1.
5.

63.

25 +0. 82
57 +0.28
68 +0.21
158 + 0. 046
8015 + 0. 0058
481 + 0. 012
533 + 0. 089
98 0. 55
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culated both mays; the standard way is labelled at the
left with the code "AVG", while the second way is la-
belled "STUDENT". In the Tables of Particle Properties,
we continue to use the standard procedure —gaussian
with SCALE factor. As in the past, a SCALE factor
greater than I is indicated by the appearance of
"S=. . ." next to the value and error.

parameters, they are analyzed by using the constraint

O.2+ P2+@2 = 1.
Inconsistent coygstrained data. According to our

simple example, which led to Eq. (I), the double sum
for X' is summed over experiments x = 1 to N, leaving
a single sum over ratios

B. Constrained fits

Except for trivial cases, all branching ratios and
rate measurements are analyzed by the computer
program AHB. This program makes a simultaneous
least-squares fit to all the data, and outputs the partial-
decay fractions P, , width I', partial widths I'„and
their error matrix.

'The original version of AHR was written by J. Peter
Berge. It is documented separately, and we wish here
only to give the simplest nontrivial example that per-
mits us to comment on the error matrix and the scale
factor.

Assume that a state has only three partial-decay
fractions, P„P„andP, (ZP, =1), which have been
measured in four different ratios, A,„.. . , B~, where,
e.g. , R, =P, /P2, R2=P, /P3, etc.4 Further assume
that each ratio has been measured by N experiments
(we designate each experiment with a subscript x, e.g. ,R„).Then AHR finds the best values of P„P„and
P3 by minimizing X, namely

R„„-R„(P„P„P,)
X —~ J

In addition to the fitted values P, , the program cal-
culates an error matrix (5P,.GE',.). We tabulate the
diagonal elements 5P, =(5P,.6P,.)'~.' (except that some
errors are scaled according to Eq. {2) as discussed
below). In the listings we give the complete error ma-
trix; we also calculate the fitted value of each ratio,
for comparison with the input data, and list it below
the relevant input, along with a simple unconstrained
average of the same input.

Two further comments on the example above.
(1) There was no connection between measurements

of the width and the branching ratios. But often we also
have information on partial widths I',. as well as total
width I'. In this case AHB must introduce I as a pa-
rameter into the fit, along with the relations I,
=I'P, , ZI,. =I'. When appropriate, we tabulate the I';
along with the P, , and give error matrices in the
listings.

(2) Note that we do not allow for correlations between
input data. We do try to pick those ratios and widths
which are as independent and as close to the original
data as possible.

In asymmetric errors, we use a continuous functio n
of 5(P)' and 6(P) in the fitting. When no errors are
reported, we merely list the data for inspection.

IIypexon-decay pm arnetexs. The program AHH
handles any type of input, o'. , @, &, P, or y, according
to the definitions of Sec. VI. If for a particular hyperon
decay there are data for more than two of the decay

We can handle any B of the forln & = Zn;2;IZp;P, ', where ~~
and g; are constants, usually j. or 0.

Even before fitting, some of the X„'may be too large.
But if we scaled them before fitting, then the scaling
would move the central value, contrary to our policy.
So we do not scale until after the first fit; then, know-
ing the fitted X„'and its expectation value ()t'„)we form
SCALE factors (just as before), i.e. ,

(SCALE)„'= y„'/(X„'),
and if any (SCALE)„is greater than 1, all N of the
measurements of that particular ratio are equally
penalized by having their errors increased by (SCALE)„.
Program AHB then recycles on all the data, those with
errors unchanged as well as those with errors in-
creased. We then get new values, ~P',. for the errors in
the partial decay modes.

Because of the constraint (ZP,. =1) some SCALE fac-
tors may still be greater than 1 even after this second
pass. If this is so, the whole procedure (i.e. , in-
creasing errors by the new SCALE factors and re-
cycling through AHR) is repeated.

At the end of AHB's final pass we have two mea-
sures of the errors for the P,-. One is, of course, the
~P', , i.e. , the errors in the final fitted values P, which
include the effects of scaling the input errors. The
other measure of the errors is (P, —P,'), i.e. , the shift
in the central values of the ith mode between the first
(unscaled) fit and the final (scaled) fit. In practice we
find that on the average these two measures of the un-
certainty are about equal. Rather than selecting just
one or the other, our tabulated errors are given by
the combination

(rP,)...= I aP',.'. + (P, —P',.)2 ]'~ ', .

where P,- is the fitted value of the ith partial-decay
mode before sealing, P;' is its value after scaling, and
&P',. is the error in P', . The SCALE factors we finally
list in such cases are defined by

(SCALE), = (~P, ).../aP,

However, in line with our policy of not letting SCALE
affect the central values, we give the values of P, ob-
tained from the original (unscaled) fits. (The differen-
ces between the P,. calculated with either the scaled or
the unscaled errors are, of course, always within the
tabulated errors, (6P,.)„,.)
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TABLES OF PARTICLE PROPE)k'j. I]ES
N. Barash Schmidt, C. Bricman, R. L. Crawford, C. Dionisi, C. P. Horne, R. L. Kelly, M. J. Losty,

M. Mazzucato, L. Montanet, A. Rittenberg, M. Roos, T. Shimada, T. G. Trippe, C. G. Nohl, G. P. Yost

(Closing date for data: Jan. 1, 1980)

Stable Particle Table
For additional parameters, see Addendum to this table.

Mass
(MeV)
Mass~
{GeV)~

0 1(1 )- 0(&6xio ~~)

guanti ties in i talics have

Particle I (J )C Mean life
{sec)

c'c
{ce)

PHOTON

stable

Partial decay mode

Fraction
p or

Pmax
(MeV/c)

changed by more than one (old) standard deviation since April l978.

LEPTON S

2 o(&o.oooo6) stable
(&3x f Oem (MeV))

stable

1
2 0.5110034 stable

+.0000014 (&5xip y)
stable

1
2 0(&0.57) stable

{&2.6x104mv {MeV))
P4

st able

J=—
2 105 65946 2 197120xio

+.00024 +.000077
m = 0.01116392 c~~6.5868xio4

m„~=-33.9074
a.0012

d

e vv
e vvy
e yy
e e+e
e y
e Veu~

( 98.6
( 1'4 0.4

( &4
( &1.9
( &1.9
( &25

)%
)%
)xio-6
)x 10
)xio
)%

53
53
53
53
53
53

S ~84
+4

m =3, $8

&2.3xio

ex&0. 07

d'r

VV

e uu
hadron neutrals

t[ n-v

t[ K neutrals
e y+iM
3(hadron+) neutrals

t[ m-pov
t[m vr m+v (lncl. npv)
i[ m n m+(Mao)u

{83chgd . ) neutrals
t[ e chgd. parts.

+ p, chgd. parts.

NONFtRANQE ilESONS+

( 17,9 +1 .5 )%
( 17.0 +f. f )%
( 33 ufo )%
( 8, 2 g2. 6 )%
( 22 +4 )%
( small )]
( &12 )%
( 35 +1 1 )%

4.2 +f.3 )%
( 7 g5 )'%]

( 18 a7 )%]
( 32 +5 )%

( &4

889
892

887
723

892

715
864
864

1 (0 ) 139.5669
+.0012

m = 0.0194789

1 (0 )+ 134.9626t.0039
m~= 0.0182149

m„+-m„o=4.6043
+.0037

2.6030xio 8

+.0023
ex=780. 4
{~+-~-)g~=
(0 .05ao .07)'%
(test of CPT)

0.828 10
a.057 S=1.8
c~2 5xf0

+ d
TT

V
e+v
p vy
e+vmo
e+vy
e+ve+e

ye+e
nv
e e e+e
yyyy
e+e

100
( 1.267to. 023}x10

1.24go. 25)xf0-4
( 1.02L0.07)x 1 Q

S.6 ~O. W )xfO 8

{& 5 )xiQ

( 98.85+0.05)%
( f.15+0.05)%
( &f.5 )xfQ

4'( 3.32 )xip
{ &4 )x f0-5
{ 22 24 )xfQ-1.1

30
70
30

5
70
70

67
67
67
67
67
67

0+(0 )+ 548.8
+0.6

S~f.4
m ~ 0, 3pf2

r-(0.85+0. 12)keV
Neutral decays
(71.0~0,7)%

S 1.1

Charged decays
(29 .0+0,7)%

S 1.1

m+m-no
m'm y
e+e ye+e-no
m+m
e+e n+n
~+~-~Oy
ff 1f

y
p4 |M

e+e

( 38.0 ti.o )% S~i.2
( 3. f ai, f )% S 1.2

29.9 jf. i )% S~i. i
( 23.6 ao, 6 )% S 1.1

( 4.89%0.13)% S~f. i
( 0.5010.12)%
( &4 )xfQ
( &O. 15 )7
( 0. 1 +O. f )%
( &6 )xiP-4
( «O. 2
( 2.2 +0.8 )xfp
( 1,5 t0.8 )xio
( &5 )xiP-4
{ &3 )xfQ 4

274
258
18O
175
236
274
258
236
236
175
236
253
253
211
274
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Particle Data Group: Review of particle properties

Stable Particle Table (cont 'd)

Particle I (J )C„Mass
(MeV)
Mass~
(GeV)-'

Mean 1ife
{sec)

CT
(crn)

smaNGE stmsoNs~

Partial decay mode

Fraction
p or

Pmax
(MeVgc)

~g(0 } 493 .669
%0.015

m ~ 0.24371

mK~-mKo=-4. Q f
+0. 13

S= 1 . 1

1 .2371x 10
a. 0026 S~f.9
ex~370. 9
(7.+-T )/7~

(.ff+.09)%
(test of CPT)

1.2

K+

p v
n+n0
n+n+n
n+non0
gl VTT

e+vn0
VV
V TT' TT

e+vn+n
e vrr+n+
p+vn+n
pl VTT n
e+v
e+vy (SD+)l
e+uy (SD-)l
n+noy
n+n+n y
}u+vnOy
e+vn0y
e+e n+
e+e+n

n+
n'n
n+nr
n vv
n T
e+p*n+
e ~ n+
e vvv

VVV
}}M+ve e
} ve+e+
e+ve+e

(
(
(
(
(

e(
(
(
(
(
(
(
(
(j,e{

e(
e(

(
(
(

e(
e(

(
(
(
(
(
(
(
(
(

63.50+0. 16)%
21.16a0. 15)%
5.59+0.03)% S 1. 1

1.73go. 05)% S=1.3
3.20g0. 09)% S=1.7
4.82%0.05)% S+f. i
5, 8 gg. 5 )xfo
1.8 +~

64 )»0 '
3.90glI;15}xfO

(5 )x fQ
0, 9 go. 4 )xip

(3.0 )xip
1 . 54%0.09)x 10
1.52+0. 23)x 10

&1.0 )xip
2.75gp. 16)x 10
1.0 +0.4 )xip

)xfQ
3.7 %1.4 )xfp
2.6 +0.5 )xfp

(1 )x 1 0
&2.4 )x10
&3.5 )xfP
&3.0 )x 10 4

&0.6 )x 1 P-6
&4 )xiP-6
&7 )xfQ
&5 )x 1P-9
&6 }xfp-~
&6 )x fQ
11 x3 )x10
&2. Q )xfQ

+1 ) 10

2.36
205
125
133
215
228
236
2P7
203
203
151
151
247
247
247
205
125
215
2'&8

2 27
227
f 7U

227
227
~~ 7
227
214
214
247 .

236
2.36
236
247

497 .67
+0. 13

S=f. f
rn =0.24768

50% Kshprt i 50% KLpng

q(p ) 0.8923xio
+.0022
c~=2.675

n+n
nonO

e+e
n n
YT

(

(
(

e(
(

68.61 0 24)% S
31 39 '

)%
(3.2 )x10
(3.4 )x10

1.85gp. ip)xip
(p 4 )xfQ

206
209
225
249
206

—,' (0-) 5. 183xfp
+.040
cv'=1554

mK -mK = 0.5349x10 Fi secs +0.0022

nonono
n+n-n0
n }M v
n+ e v (inc i . ne&'/)
nevT
n+n
nOn
n JT

O'Y

'yy

P P
P

jLl n
e+e
e+e 7
n+n e+e
nonce+u

(
(
(
(

e(
k(
k(
e(

(
(
(
(
(
(
(
(
(
(

5+07)~S
12.39yo. f8)% S=1.2
27.0 +0 ~ 5 )% S=i. i
38.8 ~0.5 )% S 1. 1

1.3 P0.8 )%
0.203~0.005)%
P 094gp. of8)% S=1.5
6.0 +2.0 )xfp

(2 4 )xfQ
4.9 ~0.5 )xip '

0 )xf0
9. 1 gi. 9 )xip

&7.8 )x 1O
&5.7 )x iQ
&2.0 )xfQ
&2.8 )x 10
&8.8 )xfp

)x 1 P

139
133
216
229
229
206
209
206
231
249
238
225
225
177
249
249
206
207

~{0 )f 1868'. 3~
+0.9

m ~ 3.491
mD~-mDO= 5.Q

+Q. 8

( 5+31 5)

c7=0.007

cniavEn MEsoxs~

D ~+

K anything
~[ K n n+Pinci.
t[K {892)
~[ K-K+n+

K anything
&[ KOn+

e+ anything
n n n
K+ any t hing
K+n+Tr'

(
n) (

(
(
(
(

EIl (
(
(
(

10 *7
3.9 af. p

seen
&0.6
39 g29
1.5 %0.6
8.Z g1.8

(0.31
6 +6

&0.20

)%
)%]
)]
)%]
)%
)%3
)%
)%
)%
)%

845
456
743

862

908

845

~ {0 ) 1863.1~
+0.9

m = 3.471

(D D K )
1 {DO Kn)

(3 5+3 5) 10 1 3

c7.=0.01

D 0 d

K+anyt hing
t[ K-n+
t[ K-n+n

+ +

K anything+ K any
t[Kn +Kn
t[K n+n +K n n

e~any thing
n+n-
K+K

(
(
(
(
(
(
(

m(
(
(

35 afo
1.8 40. 5

12 w6
3.5 40. 9

57 g26
&6
4.4 +1.1
8.Z +X.Z
5.9 *3.2
2.0 *0.8

)%
)%]
)%]
)%]
)%
)~]
)

oy

)%
) 10-4
)xiP-3

860
843
812

859
841

921
790
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Particle Oata Group: Review of particle properties

Stable Particle Table (cong'd)
Particle I (J )C Mass

(MeV)
Mass2
(GeV)2

Mean life
(sec)

CT
(cm)

Node

Partial decay mode

Fraction
p or

pmax
(MeV(c)

NONSTRANGE BARYONS»

—.' (++) 938.27ge
+0.0027

m = 0.880369

stable {&2 0 y) stable

Iqpl-lq, I «0 'Iq, l

~ (~~+) 939.5731
+0.0027

m = 0.882798
m&-mn=- 1 .29343

+0.00004

917+14
ex=2. 75xiof

pe u 100
pvu (chg. noncons. ) (

Iq„l, & ip 2
Iq I

STRANGENESS —1 BARYON S

)xio-'9

0(++) 1115.60
%0.05

S=i .2
m = 1.2446

mh-m~o= —76.86
+0.08

2.632xip
+.020 S=1.6
cv'=7. 89

pn
nnO
pe u

PP V

pn y

(642~05)%
( 35 8 '

)%
( 8.07g0. 28)x fQ
( f . 57go. 35)x10

e( 0.85+0. 24)xfp

200
104,
163
131
100

1( 1 +) 1189.36
+0.06

S=2.8
m = 1.4246

my+ —mp-= -7.98
+.08

S=1.2

0.800xfO-«
+.004
ex=2. 40

r(Z+~1+nu)
r(Z ~x nv)

p~O
n7r+

py
nn+y
Ae+u

pe+e

( 51.64 )%
( 48. 36 '

)%
( l .24yo. 18)x10

e( 0.93ao. f 0)x f 0
( 2.02gp. 47)x 1 0
( &3.0 )xip
( &Q. 5 )x1Q
( &7 )xfo

189
185

S=i.4 225
185
7f

202
224
225

g0 1( ~ +P 2192.46
+0.08

m = 1.4220

5.8xiO ~0
+1.3
ex=i. 7xip

Ay
Ae+e
Ayy

100
~(

( &3
)x 1Q
)%

74
74
74

1(++) 1197.34
+0.05

m = 1.4336

m~o-m~-= -4.88
e.oe

1.482xip
+.011 S=1.3
c~=4. 44

nn
ne u
np v
Ae v
nm

100
( 2.08+0.04)xfo
( 0.45g0. 04)x f0
{ 0.61gp. 05)x 2 0

e( 4.e +O. e )xiO-'

193
230
210
79

193

STRANGENESS -2 BARYONS

—,
' (~L+)& 1314.g

+0.6
m = 1.7290

m=o -m-. -=-6 .4
+.6

—,
' (~~+)&. 1321.32

+0. 23
m = 1.7459

2.90xfO-'0

ca=8.69

1.641xiO-'0
+.026
c~=4.92

E

pter

pe u
Z e( v

e+u
Z+p v
Z p+v
PP V

Avr

Ae v
Zev
Ap v
Z p v
nm
ne u
np u
Z y
pn m

pm e u
p7f p v
:-Oe-v

100
( 0.5
( &7
( &3.6
( &1.3
( &1. 1

( &0.9
( &1.1

( &0.9
( &1.3

100
( Z. B
( &5
( 3. 1«8
{ &f. i
( &3.2
( &1.5
( &1.2
{ &4
( &4
( &4
( &2. 3

g0. 5 )%

)xf0
)xf0
)xio
)xfP
)x10
)x 10
)xiQ

~1.8 )xi Q

)xi O-4
+2, 2 )xiQ

)xfQ 4

)xiQ
)xiQ
)%
)xf0
)xfQ 4

)x ip 4

) 1O-4
)x fQ

135
184
117
299
323
120
112
64
49

309

139
190
123
163
70

303
327
313
128
2?3
304
250

6

STfbLNGENESS -3 BARYON»

O( —.' +)& 1672.22
a. 32

m = 2.7963

0.82xfp
+.03
ex=2. 5

AK
Tf

-0
Ã 0

:-Oe-v
:-(1530)On

An

y

( 68.6 ~2. 3
( 23.4 +1.3
( 8.0 +0.8
( -1
(

&1.3
{ &3. 1

)%
)%
)%
)%
)x ip
)xiQ
)xjQ

212
293
290
319

15
449
314

NONSTRANGE CHARSEO BARYON»

0( t +)r 2273
+6

S=f .6
m = 5. 17

-7xfp-'3
cv 0.02

An+a+~
pK m+

pK (892)0
6(1232) K

( seen )
( 2.2 +2.0 )%
( seen )
{ seen )

798
814
567
700
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S20 Particle Data Group: Review of particle properties

ADDENDUM TO

Stable Particle Table
Magnetic moment
1.001 159 652 41 2mec+.000 000 000 20

1.001 165 924 2m c~.000 OOO OO9

pa Decay parameters s

p = 0.752+0.003 g —0.12 +0.21
$ = 0.972ao.pf3 6 = 0.75510.009 k ~ i.ooap. i3
IgA/gal=0. 86 0 f f P = 180'*15'

n+n y

Left-right asymmetry
( P. 12~.17)%
( 0.88+.40)~

Sextant asymmetry
(0.19+0.16)%

Quadrant asymmetry
(-0. f7+0.17)%

P=0.047+0.'062

K+ Mode

)LE v
nnp
nn+n

pn v
enpv

Partial rate (sec )
(51.33go. 17)x 10
(17.10+O. 13) 106
( 4.52' 0.02)x f06
{ 1.40+0.04~xfo
( 2.58+0.07)xio
{ 3.90g0.04)xio

S= 1.2
S=1.1
S=1.1
S=1.3
S=1.7
S= i. 1

Slope parameters for K ~ 3n +

K+~n+n+n g=-0.2f5+.004 S=1.4
K -+n * n+ g=-0 217+ 007 S
K+~n n n+ g= 0.607+.030 S~1.3
KpL~n+n np g 0 670+.Of 4 S=1.6

See Data Card Listings
for quadratic coefficients.

n+n ( 0.7689+.0033)xlo
n n ( 0.35i7+.0029)xf0 S= i. 1

0.029+.004
Kgj A(+= 0.026m. 008 S= 1.5 Kgg

Ag= -0.003+.007 S=1.5
See Data Card Listings for g, f5, and ft.

= 0.030 f +.0016 S 1.2
AF~= 0.034 a.006 S=2.5
h,g= 0.020 +.007 S=2.5

nnn (L „+„-p (
ngv (
nev (

+(

4.14 +0.15)xio
2.39 g0.04)x 10
5.21 +0.10)xf0
7.49 go. 11)xf0
3.91 yp. 10)x 1p
f.81 p0.35)x10

S=1.3
S=1.2
S= i. 1
S= i. 1

S=1.5

CP violation parameters
I~, I={2.z74~.022)»0
y+ =(44.6~1.2)
Ig+ pi~(0. 12 lgpppl (0.28

hS ~ -hQ
Re x=0.009+.020 S=1.4 Im

Igppl=(2. 334.08)x 10 S= i. 1

ypp={ 54% 5)
6=(0.330'.0 f 2)x 10

x = -0.004+.026 S= i. 1

Magnetic
moment

(e5/2mpc)

Decay parameters
Measured Derived

g(degree) y h(degree)
gA/gy gy/gA

2.7928456
P +.00000ii

—1.91304184 pe v
a.o0000088

—1.254+0.007
6=(180.f f+0. 17)'

-0.614
%.005

Pn . 0.64340,013 (-6.5S3.5) 0.76 (7.7 4'1)
nn 0.646*0.044
pev -0.62w0. 05 S= 1.2

Z33
a.13

—1.41
+.25

pn
nn+

nn
ne v
Ae v

+0.068+0.013
—0.421 p3+0.52

( f67+20)
S=1.1

—0.068+0.008 {f 0% f 5)'

—0.979+0.016 (36+34) ' O. 17 (187*6)
(1 97 ( 73+133)'

0.98 ( 349+ )
+(0.385%0.070) S=2.3

0. 10+0.22 S=1.5

-0
—1.20

g.06

An -0.47~0.05 (2 1y 12).
S=1.3

0.84 (316+' )

—1.85
k.75

An —0.403+0.017 (2y6)
S=1.1

0.92 ( f85' 13)'

AK -O.Z6+O. 33
S=1.5
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Particle Data Group: Review of particle properties

Stable Particle Table (cont'd)
Indicates an entry in the Stable Particle Data Card I.istings not entered in the Stable Particle

This is t.he case for v~, for the charmed-strange meson F~, and for listings of searches for
heavy leptons other than w+, intermediate boson searches, quark searches, magnetic monopole
searches, charm seaches, and other particle searches.
S = Scale factor = v'y~/(N-i), where N number of experiments. S should be
have enlarged the error of the mean, bx; i.e. , 6x -+ S6x. This convention is still &na«qua«since
if S && 1 the experiments are probably inconsistent, and t.herefore the real uncertainty is

probably even greater than Sbx, See text, and ideograms in Stable Particle Data Card Listings.
Square bracket. s indicate a subreact, ion of the previous (unbracketed) decay mo«.

The baryon number 8, strangeness S, and charm C of the hadrons which. appear in the tables are
as follows:

S
0

Mes ons (8=0) S C Baryons (8=1) C

n 'g 0 0 p, n 0
K+,K +1 0 h, K —1 0
K,K0 -1 0 0
D,D 0 +1 0 -3 0
D,D 0 —1 h 0 +1

b. Quoted upper limits correspond to a 90% confidence level.
c. In decays with more than two bodies, p~a„is the maximum momentum that any particle can

have.
d. For simplicity, decay mode charge states are written for the particle shown, For antiparticle

modes all particles must be charge conjugated.
e. See Stable Particle Data Card Listings for energy limits used in this measurement.
f. Quantum numbers shown are favored but not yet established. See Data Card Listings.

g. Theoretical ~alue; see also Stable Particle Data Card Listings.
h. See note in Stable Particle Data Card List. ings.
i. St.ructure-dependent part with positive {SD+)and negative {SD-) photon helicity.

j. The direct emission branching fraction is {1'.56+.35)&10
k. The Ks ~ nn and KL w nn rates (and branching fractions) are from independent fits and do not.

include results of KL—Ks interference experiments. The (q+ ( and (rlpp( values given in the

addendum are t, hese rates combined wit. h the (g+ ( and (gpp( result. s from interference

experiments.
Error «e»ot. include 0.13% uncertainty in the absolute SPEAR energy calibration. Assumes

my~3095 MeV.
Thi»s a weighted average of D+ (44%) and D (56%) branching fractions.
Llml«rom neutrality-of-matter experiments. Assumes lq (-(q l-(q (.

p
n p e ~

P ~ & not measured for Z . Assumed same as g+ to allow isotriplet association.
P for = and J for 0 not yet measured. Values shown are SU{3) predictions.

for h not yet measured. Values shown are SU(4) predictions.P +

lgA/gy( defined by gA = ICAI +IC'A( gy = (Cyl +IC'yl, and Z(e(1 i(p)(v(I'l{C +C';y5)(v);

0 defi~ed by cos p = -Re{CAC'y+C'ACy)/gAgy [for more details, see t.ext Section VI A].

The definition of the slope parameter of the Dalitz plot is as follows (see also text Section VI 8, 1]:

(M( =1+ g

u. The definition for the CP violation parameters is as follows [see also text Section VI 8.3]:

A(KL ~n+n )
n+ = (n+ (e'~+- =

A(KPs" n*n )
rlpp = (npp(e' = 0 0 0A(Ks~n n )

I (KL-+L+)—I"(KL f )

I'(KL l )+r{KL l )

The definition of these quantites is as
Section VI 8]:

Z(s((p(cosh

lsl +(pl

-Z(s((p(sinnP= y = 41-a~cos$
(sl +(pl

P = V 1—a sing g&/gy defined by (Bf(y&{gy-gAy~)(Bj)

6 defined by gA/gy = (gA/gy(e'

I (Kp~n+n-np)CP vial.s~n n n swn nI-{KO 0 Onp)CP viol.

(F000( r(K

follows tfor more details on sign convent. ion, see text.

w. For limits on electric dipole moment of n and h, see Data Card Listings.
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S22 Particle Data Group: Review of particle properties

Meson Table

Apri l l 980

In addition to the entries in the Meson Table, the Meson Data Card Listings contain all
substantial claims for meson resonances. See 'Contents of Meson Data Card Listings below.

Quantities in itaZics are neo or have changed bp more than one (oZd) standard deviation since ApriZ 1978.

Name

G(Js'l

+
l

ri p ,'lestab-
NIass

(eev)

FMII
Width

X

(~evi

Partial decay mode

p ol'
Ft'acttA ( o) P~a~(

[Upper limits are la [".1f (Hev/c)

NONSTRANGE MESONS

1 (0 )+ 139.57
134.96

0.0
'7. 95 eV
+. 55 eV

0.019479
0.018215 See Stable Particle Table

548. 8
+0 ~ 6

0.85 keV
+.1Z keV

0.301
+.000

Neutral
Charged

71.0
29. 0

See Stable
Particle Table

p(»o, ) +3'

'vl and I' from neutral mode.

1S8 '

55
0.602
+.123 1T$

e e

r(Y
For upper

= 100
0.024 +.007
0.0043+.0005 (d)
0.0067' 0012 (d)
seen~'

limits, see footnote (e)

362
375
388
373
194

M(783) 0 (1 )- 782. 4
+0. Z

. S=l. 1*

10.1
+.3

0.612
+.008

IT 7T 7T

~'7T

".'Ye+e
&Y
For upper

89.8+0.5
1.4+0. 2
8.8+0.5

0.0076+.0017
seen"

limits, see footnote (f)

S=1.9*

327
365
380
391
199

Tl' (958) 0 (0 )+ 9S7.57
+0.2S

5 (980) 1 (0 )+ 981{
+3

0. 28
+0.10

52 (h)
+8

0.917
+.0003

0.962
+.051

r(7T sT

P Y
&Y

YY
For upper limits,

65.6+1.6
29.8+1.6

2 ' 7+Q. S
1.9+0.2

see footnote (g)

seen
seen"

231
164
159
479

319

S*(980) 0 (0 )+

See note on 7T7T and

980
+10&

KK S-wave

40{c)s

+10~
0.960
+.039

seen"
seen 470

e(1020) 0 (1 )- 1019.6
+0.1

S=l.3*

4.1
+ ~ 2

1.040
+.004

K K

KLKS
o {inc 1 . pTT)

r(Y.'Ye+e

For upper limits,

48.6+1.2
35.2+1.2
14.7+0. 7
1.5+0. 2

0.14+0.0
.031+.00
.025+.00

see footnote

S=l.3
S=l. 5*
S=l.2*

5
1 S=l.1*
3
(i)

127
ill
462
36'7
501
510
499

A&(1100- 1 (1 )+
1300)

1100 &. 300~
to 1300

1.44
+.36

P7T

1T (7TTT) S

doms. nan t
seen

329
558

B(1235) 1 (1 ) — 1231
+10

129
+10'

1.52
+, 1.6

MTT only mode seen
LDjS amplitude ratio = .29+.05]
Fnr upper limits, see footnote (j)

348

f. (1270) 0 (2 )+ 1Z73.
+5

178)
+20

1.62
2 3

7T7T

Zm 27T

KK
7T 7l 27T

For upper limits,

88. Z+2. 9
Z. 9+0 ~ 3
2.8+0.3

seen
see footnote (K)

6Zl
S = 1.1* 558
S = 1.3* 397

561

D(1285) 0 (1 )+ 1284
+ZO

27
+10

1.65
+. 03

KKTT

TTIT7T

iI $7T

47T (prob. p7T7T)

2 0+2
pa+6
88+ 7
HZ+18

303
483
Z39
564

c (1300) 0 (Q )+ 1300

See note on 7T7T and KK S wave

200-400
KK

~ 90
~ 20

635
4Z3

Ap (1310) 1 (2 )+ 1317)
+5

102
55

1.73
+ ~ 13

PTT

r(7T

Q)7T 7[

KK
7T

7TY

70.0+2.2
14.6+F 1
10.6+Z ~ 5
4.8+0.5

&1
0.45+0. 11

414
534
360
434
285
651
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Meson Table (cont 'd)
Partial decay mode

PIj )c
~/y VT

+ & i—i estab.
P

Mass

(MeV)

Full
Width

{MeV)

P oF
r-Faction (".) pmax~'}

)Upper limits are la {0)] (NeV/c)

E (1420) 0 (1 ) + 1418
5+10

505
+10

2.01
+.07 7|"Tvr

(prob. K K + K*K) seen
possibly seen
possibly seen]

. 423
565
350

f' (1515) 0 (2 )+ 1516
+12

675
+10

Z. 30
+.10

KK dominant
7T7r seen
For upper limits, see footnote (k)

57Z
745

p' (1600) 1 (1 ) — ~ 1600 ~ 300 2. 56
+.48

4vr (incl. pvr vr ) ~ 85
~ 15

738
788

A3 (1660) 1 (2 ) + 28805
+20

200
+60

Z. 76
+.33

f7T

P7T

vr (vrvr) S-wave

~ 80
~ 80
~ 20

320
640
802

u)(1670) 0 (3 ) — 1666
+5

166
5+15

2.78
+. 28

P'IT

3vr

Svr

i { riivrvr (prob. Bvr)

seen
possibly seen
seen
seen]

644
805
739
614

g(1700) 1 (3 )- 17005
+20

2005
+20

1936
+5

1 established resonance.Not a wel

PJ, M and I' from the 27r and KK modes.

S(1935) '

2. 89
+. 34

3.74

Z4. 0+1.3
72. 2+2. 8
2.4+0. 7
1.8+0. 8

seen

27r

47r (incl. vrvrp~pp, A2~i, um}
KKvr (incl ~

K" K)
KK

838
792
631
689

236

h(2040) 0 (4)+ 2040 .
+20'

1505
+SO

4.16
+.31 KK

seen
seen

1010
890

J/Q (3100) 0 (1 )— 3097+1 O. 063+0.009 9.598
+.000

e e

hadrons
tt all stables

2(77+~ ) vr

3 {~+vr
~+~-vr 0 K+ K
vr+vr K+K
4{~+~ )vr0

PPvl 7T

2(vr vr )
3(IT+vr )

H

2 is+s I
K"K

KSK—77+

ppn
pnvr or pnvr+

pp
nn
PP7T 7T 7T

g0 y0

AA

PP7T
&

I 7~ i th resonances
Pvv

Iil27T 27T

pA,
rdvr7T

K (892) R (1430)
KK*+ KK*

B (1235)vr

rdf
IIIvr

Ti Pp
III KK

0JPP
rlIKK

+radiative decays
YQ
Yf

For smaller bra
see listing. ~i

7+1
7+1

86+Z

3.7+O. S
2.9+0 ~ 7
1.Z+0. 3

0. 72+0. 28
0.9+0.3

0. 86+0. 08
0.4+0.1
0.4+0. 2

0. 82+0. 08
0.31+0.13
0.26+0.07
0.23+0.04
0. 22+0. 02
0.22+0 ~ OZ
0.28+0. 09
0. 28+0. 08 (n)
0. 28+0. 04
0. 11+0.02
0.11+0.01]
1.2+0.1

0. 88+0.84
O. 84+0. 46
0. 88+0, 29
0.67+0.26
0.61+0.08
0. 28+0. 07
O. 28+0. 08
O. Z1+0. 09
0. 28+0. 08
0.18+0.08
0. 18+0.08
0. 28+0. 20
O. 10-I-0.06j

1549
1545

1496
1433
1368
1407
1345
1107
1517
1466
818

1320
1440

948
1174
1232
1231
1033

988
1074
1176

1448
1392
1124
1435
1007
1373
1300

S=1.2 1144
1365

596
1176

768
1265
1320

0.25+0. 06 1400
0.15+0.05j 1287

nching ratios and upper limits
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Meson Table (cont'd)
Parti a) decay mode

~I 0 1 G(jP)C

+ ~ ~.~ estab.
Mass

{eeVj

Fall
Width

I p oc'
Fl'actiofl ('o) Pmax~ ~

TUpper limits are le rl)] {SeeV/c)

X(3415) 0 (0 )+ 3414+4 11.655 2(vr vr ) (incl. vrvrp)
~+~ K"K (incl. vrKK')

yJ/fr3100)
3(vr vr )
7r+ vr

K K

ppvT 7T

4.6+0.9
3.7.+0.9
2. 7+1.0 (m)
1.9+0.7
0.9+O. Z

0.9+0.2
0.6+0. 2

1678
1580

302
1632
1701
1634
1319

p or 0 (A)+
y, 3310)

J = 1 preferred.p +

x (3550) 0 (N) +

J = 2 preferred.p +

3507+4

3S51+5

12.299

12.610 YJ/& (3100)
2(vr+vr ) (incl
)7+vr K"K (incl
3(vr 77 )
vr+vr and K"k
7T 71' PP

15.4+2. 4
vrvrp) 2.4+0.6

, 7TKK*) 2. 1+0.6
1.3+0.8

O. Z7+0. 11
0.37+0.14

YJ/)IJ (3100) 31.5+5. 2
3(vr+vr ) 2. 7+1.1
2(vr vr ) {inCl.vrvrpj 2.0+0.6
vv+vr K"K (inc 1.7TKK*) 1.1+0.4
Vr 7T PP 0.17+0.11

S = 1.3* 386
1681
1726
1630
1379

425
1748
1654
1704

1407

q1 (3685) o (1)- 3685+1
S=l. l*

0 ' 215+0 ' 040 13 ' 579
+.001

e+e
+

hadrons
ting/TIJ vr+vr

tI J/)IJ tr'vr'

tI J/TI q

2{vr+vr ) vro

tI~+~ r~K

tI ppvr+ vr

tI 2(m'vr )
tI Y x(3415)
tLY x(3510)
tI Y x(3550)

For smaller branching

g (3685) 1JJ (3100) S-1 2*

0.9+0.1
0.8+0.2

98.1+0.3
33+2]
17+2]

3.7+0.4]
0.4+0. 2]

0.16+0.04j
0. 08+0. 02)
0.05+0. 01j

7+2]

7-ZJ
ratios and upper limits

1842
1839

476

480

194.

1798

1725

1490
18'16

261

174

132
see Listings. "

1IJ (3770) (1 ) — 3768
+3

25
+3

14.198 e e
+.094 DD

0.0013+0.0002
dominant

1884
243

rlJ(4030)

(3770) rlJ (3685) S-2 2*

(1 )— 4080 +5 28. 242
+0. 220

e e
hadrons

0. 0024+0. 0004
dominant

2015

1IJ (4160) (1 )- 4259+go 78+20 27. 297
+0. 824

e e
hadrons

0.0020+0. 0004
dominant

2079

1' (4415) (1 )- 4415+6 43+20 19.49Z e e
+.190 hadrons

0.0010+0.0003
dominant

2207

T {9460) (1 )- 9458+8 89. 454 iJ
+0. 0008 e e

2. 2+2. 0
2. 5+2. 2

4728
, 47Z9

T(10020) (1 )- 1OO28+24 & 22 100.880 rJ p
e+e

seen
seen

S007
5008

T(10020) T(9460)
Additional structure at m = 20420+80 is seen sr

STRANGE MESONS

K 1/2(0 ) 493.67
497.67 See Stable Particle Table0.244

0.795 K7T

+.045 K»vr

KY

K*(892) 1/2(1 ) 891.8 50. 3
+0.4 +0.8

S=l. l*
M and I" from charged mode; m' — m = 8. 7"-2. 2 MeV.

= 100
0.07
0.15+0.07

Z88
216
309

Qy (1280) 1/2(1 ) ~ 1280

(1400) 1/Z(1 ) ~ 2400

120 1.64
+. 1S

2. 98
+. 22

Kvrvr

tr Ko

tL K*vr

Kvrvr

tt K*~

tt Kp

dominant

large]
possibly seen)
possibly seen

domincznt

varge j
possi bZp seen J

501

62

307

576

399
286
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Meson Table (cont 'd)
I'artial decay mode

(j )C~ Mass
~/y 'tT

+ + ~lesta .

Full
Widthr
IMeV)

M
+rM(~)

IGev)

P ol'
Fl action (') P~a~(b)

[Upper limits are la (:)] (MeY/c)

K* (1430) 1/Z (2+) 1434 1005
+10

2.06
+.]4

KtT

K*~
K*vr7r

Kp
Kh)

Kri

49.1+1.6
27.0+2.2
11.2+2. 5
6.6+1.5
3.7+1.6
2.5+2.6

S=l. l*

623
424
374
327
320
492

v (1500) 1/2 (0+) ~ 2800

See note on K~ S wave .
~ 260 2. 25

+, 36
seen 661

L region 1/2 1600
to 2000

Not a well established resonance ff

seen

K* (1780) 1/2 (3 ) 1785
+6

126
ZO'

3.19
+.22 ~i Kp

t[K*s
Km

large
large]
large]

19+S'

798
619
660

817

CHARMED, NONSTRANGE MESONS

D+

DO
1/2 (0 ) 1868.3

1863.1
3.491 See Stable Particle Table
3.471

D*+ (2010)

D (2010)

1/2(1 ) 2008 ~ 6 & 2. 0
+1.0

mD„+ —
mD0

= 145.3 + 0.4 MeV

1/2(l ) 2006. 0 & 5
+1.5

4.034

4.024

D0~+
D+ 0

D Y

0~0

D Y

64+11
28+9

8+7

55+15
45+15

40
37

135

45
138

Contents of Meson Data Card Listings

entry I (J )CG P

Non-strange (S = 0, C = 0)

entry I "(J' )C entry I (J )C

Strange (~S~ = 1, C = 0)

entry I (J )
P

B (1.235)
~ p' (1250)

f (1270)
q (1275)
D (1285)

(1300)

1+ (1+)—
1 (1 )-
0+ (2+)+
0+ (o-)+
0'(1+)+
o+ (o+)+

JT 1 (0 )+
n )+
p (770) 1+(1 )-
u) {783) 0 (1 )-

~ M (940-953)
rl' (958) 0 (0 )+

(980) 1 (0 )+
S*' (980) 0+(0 )+

-+ H {990)
(1020) 0 {1 )—

-+ M (1033-1040)
~ rlN{1080) 0 (N )+
~ M (1150-1170)

Ay (1100- 1 (1+)+
1300)

A2 (1310) 1 (2 ) +

E (142O} O+(1+)+
-+ X (1410-1440}

f ' (1515) 0+ (2 )+
~ F) (1540) 1 (A )

p'(1600) 1 (2 )-
A3 (1660) 1+(1 )-
03 (1670) 0 (3 )-
g (»00) 1+(3 )-
X (1690)

~ A~ {1900) 1
~ A2 (1900) 1 (4+)+

s (1935)
h (2040) 0 (4 )+

~ To(2150} 0+ {2+)+
~ Tl (2190) 1
~ X (2200)
~ UO (2350) 0

~ Ul (Z400) 1
~ NN(1400-3600)
M X (1900-3600)

Pc

~ X

T

(1100-3100)
(2830)
(2980)
(3100)
(3415)
(3455)

or X(3510)
(3sso)
(3s9o)
(3685)
(3770)
{4030)
(4160)
(4415)
(9460)

(10020)
(10400)

o (1)-
0 (0 )+

0+(A )+
0 (N )+

o (1)-
(1 )—

(1 )-
(1 )-
(1 )-
(1 )-
(1 )-
{1 )-

K

K* (892)
'

Qy (1280)

Qg (1400)
~ K' (1400)

K* (1430)
(1500)

w L (1580)
K* (1650)

~ KN(1700)

L region
K* (1780)

~ K*(22oo)

I (2600)

1/2(0 )
1/2(1 )
1/2(l )
1/2(1 )
1/2(o )
1/2 {2+)

1/2(0 )
1/2{2 )
1/2(1 )
1/2

1/2 (A)

1/2(3 )

Charmed (jC~ = 1)

D (1870) 1/2 (0 )
D*(2010) 1/2(1

-+ F (2030)
~ F* {2140)

Exot1cs
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Meson Ta,ble (cont 'd)

Indicates an entry in Meson Data Card Listings not entered in the Meson Table. Ne do not regard
these as established resonances. All the entries in the Listings can be found in the Table of
Contents of Meson Data Card Listings.
See Meson Data Card Listings.
Quoted error includes scale factor S = lx /(N-1) . See footnote to Stable Particle Table.

+ Square brackets indicate a subreaction of the previous (unbracketed) decay mode(s).
This is only an eclucated guess; the error given is larger than the error of the average of the
published values. (See Meson Data Card Listings for the latter. )

(a) I'M is approximately the half-width of the resonance when plotted against M

(b) For decay modes into & 3 particles, prnax is the maximum momentum that any of the particles in
the final state can have. The monrenta have been calculated by using the averaged central mass
values, without taking into account the widths of the resonances'

(c) From pole position (M — iI'/2) .
(d) The e e branching ratio is fronr e+e ~ vr vr experiments only. The ~p interference is then due

to +p mixing only, and is expected to be small. See note in Meson Data Card I,istings. The
branching ratio i.s compiled from 3 experiments; each possibly wi. th'substantial ~p inter-

ference. The error reflects thi. s T.rncertainty; see notes in Meson Data Card Listings. If ep
universality holds, I"(p -+ p p ) = I"(p' ~ e e ) ~ 0.99785.

(e) Empirical limits on fractions for other decay modes of p(770) are vr-rl & 0.8';, vr+vr+vr vr & 0.15';,
vr+-77+~ vr' & 0.2';.

(f) Empirical values of fractions for other decay modes of u/783) are vr vr y & 5';, vr'vr'y & 1';,
ri + neutral(s) & 1 5';, p p & 0 02'. , vr'p p = (9+5) && 10 &

{g) Empirical values ot fractions for other decay modes ot n' {958): s rr & Z';, v s s' & 5';,
vr+Vr+vr Vr & 1';, Vr Vr Vr Vr Vr & 1';, 6» & 1';, vr Vr e e & 0.6'o, vr'e e & 1.3'o, Tie e & 1.1'. ,
vr p & 4'-o, p+p y = (8+4) && 10

(h) The mass and wiclth are from the rivr mode only. If the KK channel is strongly coupled, the width
may be larger.

(i) ETnpirical limits on fractions for other decay modes of g(1020) are vr vr & 0.03'o, vr vr y & 0.7';,
4}"( & Sos P"( & Zos 27r 27T Vf & 1 oy 27T Zvi & 0 l~o ~

(j) Empirical limits on fractions for other decay modes of &(1235}: vrvr & 15o KK & 2o 47T & 50';,
fvr & 1 Sos rivr & 25os (KK) vr & 8"os kSKS vr & 2o~ KSKI vr & 6o

(k) Empirical limits on fractions for other decay modes of f' (1515) are riri & 50;,
rivrvl & 30 o KKvr + K K & 35 o 27T 27T & 32 o ~

(9.) Empirical limits on fractions for other decay Tnodes of f(1270) are qvrvr & 1';, K'K vr + c.c. & 1';,
2 o ~

(m) Preliminary results from the Crystal Ball experiment give an upper limit of 0.007, see Meson
Data Card Listings.

(n) Includes ppvr vr p and excludes ppn, pp~, ppri'.

Established Nonets, and octet-singlet mixing angles from Appendix IIB, Eq. (2') . Of the
two isosinglets, the "mainly octet" one is written first, followed by a semicolon.

(& )C Nonet members e .
1 in. 0quadr ~

(0 )+ vr, K, + 1

p~ K ~ (f) s (d 38+ 1 40+1

(2 ). A, , K' (1430), f'; f + 4~ 26 + 4'
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Particle Data Graup: Review of particle properties S27

Baryon Table
April 1980

The following short list gives the status of all the Baryon States in the Data Card Listings. In addition
to the status, the name, the nominal mass, and the quantum numbers (where known) are shown. States with
three- or four-star status are included in the main Baryon Table; the others have been omitted because the
evidence for the existence of the effect and/or for its interpretation as a resonance is open to consider-
able question.

N (939)
N (1470)
N (1520)
N (1535)
N (1540)
N (1650)
N (1670)
N (1688)
N (1700)
N (1710)
N (1810)
N (1990)
N (2000)
N (2040)
N (2100)
N (2100)
N (2190)
N (2200)
N(2220)
N (2600)
N (2700)
N (2800)
N (3030)
N(3245)
N (3690)
N (3755)

Pll
Pll
D13
Sll
P13
Sll
D15
F15
D13.
Pll
P13
F17
F15
D13
Sll
D15
G17
G19
H19
Illl
K113
G19

A (1232)
A(1550)
~ (1650)
~{1670)
~ (1690}
A (1890)
~ (1900)
A (1910)
~ (1950)
~ (1960)
~ (1960)
8 (2160)
6 (2300)
A (2420)
& (2500)
6 {2750)
A (2850)
6 (2950)
A (3230)

p 33 ****
p31 **
S3 j ****
D33 ****
p33 ***
F35 ****
S31 **
p3 1 ****
F37 ****
p33 **
D35 ***

H39 *
H31 j ***
G39 *
I313*

K315*

ZO (1780) P01 *
ZO(1865) D03 "
Zl (1900) P13 *
Zl (2150) *
Zl (2500) *

A (1115)
A(1330)
A (1405)
A (1520)
A(1600)
A(1670)
A(1690)
A(1800)
A(1800)
A (1800)
A (18QO)
A(1815)
A (1830)
A (1860)
A (2010)
A (2020)
A (2100)
A (2110)
A (2325)
A (2350)
A (2585)

p0 1 ****
Dead

S01 ****
DQ3 ****
pQj **
SQ j ****
DQ 3 ****
SQ1 ***
pQ1 **
GQ9 *

FQ5 ****
Q5 ****

pQ3 ***

F07 *
GQ'7 ****
F05 ***
D03 *

Z (1193) Pll
Z (1385) P13
Z (1480)
Z (1560)
Z(1580) D13
Z(1620) Sll
Z(1660) Pll
Z(1670) D13
Z (1670)
Z (1690)
Z (1750) Sll
2{1765) D15
Z (1770) Pll
Z (1840) P13
Z (1880} Pll
Z {1915) F15
Z (1940) D13
Z (2000) Sll
Z (2030) F17
Z (2070) F15
Z(2080} P13
Z (2100) G17
Z (2250)
Z (2455)
Z (2620)
2 {3000)
Z (3170)

"(1317)
"(1530)
" (1630)
"(1680)
= (1820)
"(1940)
"(2030)
:"(2120)
"(2250)
= (2370)
" (2500)

P 11 4'***
pj 3 ****

**
j 3 ***

A (2260)

""c(2430)

Dibaryons
S = 0
S =-1
S =-2

A(1672) P03 ***~

"***Good, clear, and unmistakable.
***Good, but. in need of clarification or not
** Needs confirmation.
* Weak.

absolutely certain.

[See notes on N's and 6's, Z 's, A's and Z's, "*'s, and dibaryons at the beginning of those sections in
the Baryon Data Card Listings; also see notes on individual resonances in the Baryon Data Card Listings. ]

aParticle (J )—estab.
b

m or K beam

~b (GeV/c)beam
0 = 4|TX (mb)

Mass
C

M

(MeV)

Full
Width

n4

(MeU)

M
2

+I'M

(GeV )

C
Mode Fraction

Partial decay mode

p ord
~max

(MeV/c)

S=O 1=1/2 NUCLEON RESONANCES (N)

1/2 (1/2 ) 938.3
939.6

0.880
0.883 See Stable Particle Table

N (1470) 1/2(1/2 )P p = 0.66
a = 27. 8

1400 to 120 to 2. 16
1480 350 +0.29

(200)

N'tT

NQ
NTT'tT

[Nc
[a,~
[Np

50-65
18
25
7]B

-23]~
7]e

420
d

368

177

N (1520) 1/2(3/2 ) D p = 0.74
o = 23. 5

1510 to
1530

100 to
140

(125)

2. 31 NVr

+0. 19 NETT

[Ng
[Np
[a,~

Nri

55
-45( 5]e

19]e
-23]~

1

456
410

cj
228

N (1535) 1/2 (1/2 ) S p = 0.76
o = 22. 5

1520 to
1560

100 to
250

(150)

2. 36
+0. 23

N tT

Nrl

[NP
[NC
p,~

40
-55 .

5
]8

2]8
]e

467
182
422

Cg

243

N (1650) 1/2(1/2 ) S p = 1.05
14.3

1620 to
1680

100 to 2. 72
200 +0.25

(150)

N7T

NVT7T

[NC
[NP

AK

ZK

Nrl

60
~30( ]8
7-21].'
4-15]
~ 1Q
2-7

1

547
511

d
344
161

346
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Baryon Table (cont 'd)

aParticle (J )—es tab.
b

7T or K beam

p (cev/c)beam
g = 47TX (mb)

Mass-

M

(MeV)

Full
Width

j
c

(MeV)

M
2

+I'M

(cev )

c
Mode Fraction

9-

Partial decay mode

d
pmax

(MeV/c)

N (1670) l./2 (5/2 ) D p = 1.00
g,= 15.6

1660 to
1690

120 to 2. 79
180 +0.26

(155)

N7T

[NP
AK

Nq

40
-60
-5o]

5]
& O. 3
& o. 5

560
525
360

200
368

N (1688) 1/2(5/2 )F p = 1.03
14.9

1670 to
1690

110 to 2. 85
140 +0.22

(130)
NTI TT

CN~

CNp
[a~

Nri

60
40

-22]
13]
18]

& O. 3

572
538
340
d

375
388

N (1700) 1/2 (3/2 ) D p = 1.05
14 3

1670 to
1730

70 to 2. 89
120 +0.20

(120)

NTI'

[NF
[NP

Ag
Nri

10
90

&40]
5]

15-40]
& 1

4

580
547
355
d

385
250
400

N (1710) 1/2 (1/2 ) P11 p = 1.20
g = 12.2

1680 to
1740

100 to 2. 92
140 +0.21

(120)

NTI'

N7T'IT

[NE:
[Np
[a,~

AK.

ZK
Nrl

-20
&50

15-40]
40-65]
10-20]

10.
2-20

587
554
d
d

393
264
138
410

N (1810) 1/2 (3/2 ) P13 p = 1.26
g =- 11.5

1690 to
1800

150 to 3.28
250 +0. 36

(200)

N7T

[Nc
LNp

AK
ZK
Nri

17
-70
-2O]

45-70]
20]

1-4

5

652
624
468
297
471
386
307
503

N (1990) 1/2 (7/2 ) F p = 1.62
g = 8.35

1950 to
2050

100 to 3.96
40O +0. 50

(250)

NTI

Nrl

AK

ZK
seen
seen

772
655
562
506

N (2190) 1/2 (7/2 ) C p = 2. 07
g = 6.21

2120 to
2180

&400
(250)

4.80
+0.55

N7T

Nri

AK

-15
2

'888
790
712

N (2200) 1/2 (9/2 ) C19 p = 2.10
g = 6.12

2130 to
2270

200
350

(250)

4.84
+0. 55

894
810

N (2220) 1/2 (9/2 ) H p = 2. 14
g =- 5.97

2150 to
2300

300
(300)

4. 93
+0.67

-20 905
811

N {2600) 1/2(ll/2 ) I111 p 3 26
g = 3.67

2580 to
2700

)300
(400)

6.76
+1.04

1014

N (3030) 1/2{ 7 ) p =. 4. 41
g =- 2. 62

—3030 -400 9.18
(400) +1.21

(J + 1/2) x
&0 lk

1366
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Baryon Table (cont'd)
QParticle (z )

P a—estab.
b

77 or K beam

p (Gev/c)beam
a = 477K (mb)

Mass'

M

(MeV)

Full
Width

(MeV)

2

+I M

(GeV )

0
Mode Fraction

Partial decay mode

p ord
pmax

(MeV/c)

S=o I=3/~ DELTA RESONANCES (~)

h (1232) 3/2 (3/2 ) P p = 0. 30
a = 94.3

1230 to 110 to
1234 120

(115)

1 ~ 52
+0.14

99.4
Q

227
80

A(++) Pole. position: 2

6 (0) Pole position:
M —iI'/2 = (1211.0 + 0.8) — i (49.9 + o.6)
M —iI'/2 = (1210.5 + 1.0) — i (52. 9 + 1.0)

3/2 (1/2 ) S p = 0.96
a = 16.4

1600 to
1650

120 to 2. 72
160 +0.23

(140)
N7T7T

[Np
[a,~

32
65

(50j
-4oj

547
511
d

344

5 (1670) 3/2 (3/2 ) D 3 p = 1.00
a = 15.6

1630 to
1740

190 to 2. 79
300 +0. 33

(200)
N7777

N

~] 5
-85
-4o]'
&50]

560
525

361

h (169o) 3/2(3/2 )P p = 1.03
a = 14.9

1500 t.o 150 to 2.86
1900~ 350 +0.42

(250)

N7l

[a~

-20
~8Q
&loj

30-45 j

573
540
d

377

Q (1890) 3/2 (5/2 ) F p = 1.42
a = 9.88

1890 to 250 to 3.57
1930 400 +0.47

(250)
N7rvT

[Np

ZK

-15
80

-60j
10-30j( 3

704
677
403
531
400

3/2(l/2 )P p = 1.46
a = 9.54

1850 t.o
1950

200 to 3.65
330 +0. 42

(220)

N7r

N777l

[Np
[a,7r

ZK

20-25
)40
&40]

small]
2-20

716
691
429
545
420

6, (1950) 3/2 (7/2 ) F p = 1.54
a = 8.90

1910 to 200 to 3.80
1950 340 +0.47

(240)

N77

N77'7l

[Np

gK

~4Q
&30

20j
—30]

741
716
471
574
460

A (1960) 3/2(5/2 )D p = 1.56
a = 8. 75

1890 to 150 to 3.84
1940 300 +0.39

(200)

4-12
(10

748
469

Q (2160) 3/2( ? ) p = 2.00
a = 6.46

2150 'to
2 2.80

200 to 4. 67
440 +0.65

(300)

N7T (J + 1/2) x
0.2 —1.2

870

Q (2420) 3/2 (11/2 ) H p = 2.64
a = 4.68

2380 to 300 to 5.86
2450 500 +0. 73

(300)

N77 1023

8 (2850) 3/2( ? ) p = 3.85
a = 3.05

2800 to
2900

~4 QQ

(400)
8.12

+1.14
(Z + 1/2) x-0.25

1266

Q (3230) 3/2( ? ) p = 5.08
a = 2. 25

3200 to
3350

—440
(440)

10.43
+1.42

(J +1/2) x
0. 05 ~

1475

Evidence for states with strangeness +1 is inconclusive.
See the Baryon Data Card Listings for data and discussion.
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Baryon Table (cont'd)
QParticle (v )—estab.

Tr or K beam

p (GeV/c)beam
a = 4TI X (mb)

M
C

(Mev)

Full
Width

(Mev)

M
2

+1'M

(GeV )
Mode

Partial decay mode

p ord
Fraction pmaz

(MeV/c)

S=-1 I=o LAMBDA RESONANCES {h)

0 (1/2 ) 1115.6 1.245 See Stable Particle Table

A (1405) 0(1/2 ) S Below K p
threshold

1405
+5

40 + 10 1.970

(40) +0.06
100 142

A (1520) 0(3/2 ) D p = 0.389
a = 84. 5

1519-5 15.5 + 1-5 2.31
+1.5 (16) +0.02

46+ 1
42+ 1
10+ 1

0.9+ 0.1

234
258
250
140

A (1670) 0(1/2 )S p = 0. 74
a = 28. 5

1660 to
1680

20 to
60

(40)

2. 79
+0.07

NK

Aq
Zm

15-25
15-35
20-60

410
64

393

A (1690) 0(3/2 ) D p = 0.78
a = 26. 1

1690
+10

50 to
70

(60)

2. 86
+0.10

20-30
20-40

25
20

429
409
415
352

A(1800) 0(1/2 ) S p = 1.16
a = 14.2

1700 to 200 to 3.50
1850 4oo +0.56

(300)

NK
Zv

Z (1385) tr

NK (892)

25-40
seen
seen
seen

525
488
346
d

A(1815) 0(5/2 )F' p = 1.05
16.7

1820
+ 5

70 to
90

(80)

3.29
+0. 15

NK 55-65
Zm 5-15

Z (1385)'ir 5-10

542
508
362

A (1830) 0 ( 5/2 ) D05 p = 1.09
15.8

1810 to
1830

60 to
110

(95)

3.35
+0.17

NK &10
ZTr 35-75

Z (1385) tr &15

554
519
375

A (1860) 0(3/2 )P p = 1.14
a = 14.7

1850 to
1920

60 to
200

(100)

3.46
+0.19

NK
Zm

Z (1385)tr
NK (892)

15-40
3-10
seen
seen

576
534
396
162

A (2100) O(7/2 )G p = 1.68
a = 8.68

2080 to
2120

100 to 4. 41
300 +0.53

(250)

NK
Zvr

Arl
"K
A41

NK*(892)

-30
5
3
3
8

10-20

748
699
617
483
443
514

A(2110) 0(5/2 ) F p = 1.70
a = 8.48

2080. to
2140

150 to 4. 45
250 +0.42

(200)

NK
Zvr

NK*(892)
AQ)

Z (1385)Tr

5-25
(40

20-60
seen
seen

756
709
524
454
589

A (2350) 0 (9/2 ) p = 2.29
a = 5.85

2340 to
2420

100 to 5.52
250 +0.28

(120)

NK

ZTr

12
-10

913
865

A (2585) p = 2. 91
a = 4. 37

2585 300
(300)

6.68
+0.78

(J+1/2) x 1058
1 0 ~

S=-l I=1 SIGNA RESONANCES (Z )

1(1/2 ) (+)1189.4
(0)1192.5
(-)1197.3

1.415
1.422
1.434

See Stable Particle Table

Z (1385) 1 (3/2 ) P Below K p
threshold

(+) 1382.3+0.4
S = 1.6P

( —) 1387.5+O. 6
S = 1.0P

(0) 1382.0+2. 5
S = 1.6P

(+) 35+2
S =2.2P

(-) 40+2
S = 1.9P

(35)

l. 92
+0.05

88 +2
12 +2

208
117

Rev. Mod. Phys. , Vol. 52, No. 2, Part I I, April 1980



Particie Data Group: Review of particle properties

Earyun Table (con t 'd)

aParticle (J )—estab.
17

vr or K beam

p (GeV/c)beam
0 = 47rX (mb)

Mass
c

M

(MeV)

Full
Nidth

I,c
(MeV)

M

+rM
(GeV )

Mode

Partial decay mode

p ox'
gFraction p

(MeV/c)

Z (1660) 1(1/2 )P p = 0.72
g = 30.1

1580 to
1690

30 to 2. 76 NK
200 +0.17 Zvr

(100) Avr

(30
seen
seen

402
383
440

Z (1670) 1(3/2 ) D p = 0.74
g = 28. 5

1675
+10

40 to
60

(50)

2. 79 NK
+0.08 Z7r

Avr

5-15
20-60( 20

410
387
447

Z (1750) 1(1/2 ) S p = 0.91
0 = 20. 7

1730 to
1820

50 to
160

(75)

3 ~ 06
+O. 13

10-40
5-20

8
15-55

483
507
450

54

Z (1765) l(5/2 )D p = 0.94
o = 19.6

1774
0

105 to
135

(120)

3.12
+0. 21

NK
Avr

A (1520) vr

Z (1385)7r

Zvr

-41
~14

19
9

496
518
187
315
461

Z (1915) 1(5/2 )F p = 1.25
a = 13.0

1905 to
1930

70 to
160

(100)

3.67
+0.19 Avr

Zvr

Z (1385)vr

5-15
10-20

seen
5

612
.619
568
437

Z (1940)~ l(3/2 ) D p = 1 32
0 = 12.0

1900 to
1950

150 to
300

(220)

3.76
+0. 43

NK
Avr

Zvr

A (1520) 7r

6 (1232)K
NK* (892)
Z (1385)vr

(20
seen
seen
seen
seen
seen
seen

678
680
589
370
410
320
461

Z (2030) 1 (7/2 ) F p = 1.52
o = 9.93

2020 to
2040

120 to
200

(180)

4. 12
+0.37

NK
Avr

Zvr

"K
A (1520) vr

Z (1385)7r

6 (1232) K
NK* (892)

20
-20

5-10( 2
10-20
5-15

10-20
5

700
700
652
412
429
530
498
438

Z (2250) p = 2. 04
6.76

2200 to
2300

50 to
150

(100)

5.06 NK
+0. 22 Avr

Zvr

( 10
seen
seen

849
841
801

Z (2455) 1(? ) p = 2. 57
5.09

-2455 120
{120)

6.03
+0.29

NK (J+1/2)x
~0 2k

979

Z (2620) p = 2.95
4.30

2600 -200
(200)

6.86
+0. 52

NK (J+1/2) x
-O. 3&

1064

S=- 2 I=1/2 CASCADE RESONANCES (:")

1/2(l/2+) (0) 1314.9
( —) 1321.3

1.729
1.746

See Stable Particle Table

:"(1530) 1/2(3/2 )P {0)1531.8+0. 3
S = 1.3P

(-) 1535.0+0.6

(0) 9.1+0.5 2. 34
+0. 02

(-) 10.1+1.9
(10)

100

= (1820) 1/2 {3/2 ) 1823
+60

+15 0
-10

(20)

3.31
+0.04

AR
"(1530)vr

ZR
:-7r

-45
-45

10
small

396
234
306
413

" (2030) 1/2( ~ ) 2024
+60

016+15
5

(16)

4.12
+0.03

ZR
AR
:"7r

:" (1530)vr

-80
-20

small
small

524
587
573
418

0 (3/2 ) 1672.2+0. 3 2.796 See Stable Particle Table

O(1/2 ) 2273+ 6 See Stable Particle Table
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Baryon Table (cont'd)

For convenience all Baryon States for which information exists in the Baryon Data Card Listings are
listed at the beginning of the Baryon Table. States with only a one or two star (*) rating in that
list have been omitted from the main Baryon Table; each omitted state is indicated by an arrow in the
left-hand margin of the Table. In the Listings there is an arrow under the name of each state omitted
from the Table.

The names of the Baryon States in Col. 1 [such as N(1470)] contain a nominal mass which is primarily
for purposes of identification. See Col. 4 for actual mass values. The convention for using primes
in the spectroscopic notation for the quantum numbers in Col. 2 (such as Pll ) is as follows: no prime
is attached when the Data Card Listings include only one resonance in the given partial wave; when
there is more than one resonance, the first has been designated with a prime, the second with a double
prime, etc. The name and the quantum numbers for each state are also given in large print at. the
beginning of the Data Card List. ings for that state. See footnote a. of the Stable Particle Table for
the strangeness quantum numbers of the baryons; in addition to the names listed there, we also use N

and b for S=O baryons, and Z* for S = +1 baryons.

b. The numbers in Col. 3 and Col. 6 are calculated using the nominal mass (see a. above) for M and the
nominal width (see c. below) for I'.

c. For masses, widths, and branching fractions of most baryons we report here a range instead of an average.
Averages are appropriate if each result is based on independent measurements, but inappropriate where
the spread-in parameters arises because different models or procedures have been applied to a common
set of data. The ranges given in the Table are generally chosen to be conseruatiVelp Large. See the
Data Card Listings for the individual values obtained in specific analyses. A single value with an
approximation sign (-) indicates that there is not enough data to give a meaningful interval. A nominal
width is included in parentheses in Col. 5; this nominal width is used to .calculate the value of IM
given in Col. 6.

For two-body decay modes we give the momentum, p, of the decay products in the decaying baryon rest
frame. For decay modes into ~3 particles we give the maximum momentum, p , that any of the particlesmax'
in the final state can have in this frame. The momenta are calculated using the nominal mass (see a.
above) of the decaying baryon, and of any isobars in the final state. Some decays which would be
energetically forbidden for the nominal masses actually occur because of the finite widths of the
decaying baryon and/or isobars in the final state. In these cases, the decay momentum is omitted
from Col. 9 and replaced with a reference to this footnote.

e. Square brackets around an isobar decay mode indicate that it is a sub-reaction of the previous
unbracketed decay mode.

f. Many of the branching fractions in the Table are extracted from significantly more accurate results
on ~xx' type couplings obtained in partial —wave analyses. The original ~xx' values are given in
the Baryon Data Card Listings. For information on radiative decays of N's and 6's, see the mini-
review preceding the Baryon Data Card Listings.

g. The range given here does not include the widths of several hundred MeV reported by LONGACRE 75
and LONGACRE 77.

h. The range given here does not include the width of 550 MeV reported by SAXON 80.

The range given here does not include the branching ratio of approximately 80% reported by FELTESSE 75.

k. This state has been seen only in an energy-dependent fit to total, channel, or fixed angle cross-
section data. J is not known; x is lel/l .

7.. See note on determination of resonance parameters in the Baryon Data Card Listinqs. Values of mass
and width are dependent upon resonance shape used to fit the data. The pole position is much less
dependent upon the parametrization used. The pole positions given here are taken from results (in the
Data Card Listings) of fits to phase shifts without. Coulomb corrections.

m. There may be more than one P33 resonance in or near this mass range.

n. There is probably more than one 6 resonance near 2160 MeV. The parameter ranges in the Table include
the various possibilities. See the Baryon Data Card Listings.

0. The error given here is only an educated guess; it is larger than the error of the average of the
published values (see the Baryon Data Card Listings for the latter).

p. Quoted error includes a S (scale) factor. See second footnote to Stable Particle Table.

q. Because the elastic branching fraction of this resonance is poorly determined, it is not possible to
extract inelastic branching fractions from partial-wave couplings. See the Baryon Data Card Listings
for the partial-wave couplings.

Recent partial-wave analyses of the College de France-Saclay group find evidence for a 5/2 and a
9/2 Z resonance at. this mass. See the Baryon Data Card Listings.
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PHYSICAL AND NUMERICAL CONSTANTS

PHYSICAL CONSTANTS
Unce

1 MeV
h=h/Zn
hc
(rc)'
a

Baltzmann

NUMERICAL CONSTANTS

NA. . . . . . . = 6.0ZZ 045(31}x10a mole
Vm . . . . . . = 22413.83(70) cm3 mole 1 ~ molar volume of ideal gas at STPc. . . . . . . . = 2.997 924 58(1.2)x10 cm sece. . . . . . . . = 4.803 242(14)x10 10 esu = 1.602 189 2(46)xiO 1 coulomb

= 1.602 189 Z(46}x10 erg
= 6.582 173(17)xiO MeV sec = 1.054 588 7(57)xiO a erg sec
= 1.973 285 8(51)x10 1 MeV cm ~ 197.32858(51) Mev fermi
= 0.389 385 7(ZO) Gev mb
= e /hc = 1/137.03604(ii)
= 1.380 662(44)x10 6 erg 'K
= 8.61735(28}xiO 1 Mev 'K 1 = 1 ev/11604. 50{36) 'K

&Ster. 8aliz. . ——5.67032(71)x10 erg sec cm K

3.53911(44}x10 eV sec cm 'K

me . . . . . . = 0.511 003 4(14) MeV = 9.109 534(47)x10 ~a
g

mp . . . . . . = 938.2796(Z7) MeV = 1836.15152(70) me = 6.7ZZ 795(61) m„s
= 1.007 276 470(i 1) amu

1 amu . . . . = 1/1Z mciz = 931.5016(26) MeV

md . . . . . . = )875.6280(53) MeV

re . . . . . . . = ea/mec = 2.8279380{70)fermi (1 fermi = 10 cm)
= h/mec = rea 1 = 3.861 590 5(64)x10 11 cm

a aahr . . . . = ha/mee = rea a = 0.529 177 06(44) jt (1 k = 10 cm)
a'Thomson . . ——(8/3)nre = 0.665 244 8(33)barn (1 barn = 10 cm )

= eh/Zmec = 0.578 837 85(95)x10 14 MeV gauss
iield. . . . . . . = eh/Zm c = 3.152 451 5(53)x10 Mev gauss
pp/iiiaohr . . ——0.001 521 032 209(16)
1/Zucycl«ran = e/Zrnec = 8.794 024(Z5)x10 rad sec gauss
1/2~cPyclatran ——e/Zmpc = 4.789378(14)x10 rad sec gauss
Hydrogen —like atom (nonrelativistic, p. = reduced mass):

v za P iti czn a n hc}rms= n i En= p
=

p n ~ an= rizca
R = mee4/Zha = mecaaZ/2 = 13.605 804(36) ev (Rydberg)

= meca /Zh = 109 737.3177(83) cm
pc = 0.3 Hp (MeV, kilogauss, cm)
1 year (sidereal) . . . . . . = 365.256 days = 3.1558x10 sec (™n«10 sec)
density af dry air . . . . . . = 1.204 mg cm (at ZO'C, 760 mm)
acceleration by gravity . . = 980.62 cm sec a (sea level, 45 }
gravitational constant . . . = 6.6720(41)xiO cm g sec
1 calorie (thermochemical) = 4.184 joules
1 atmosphere . . . . . . . . = 1.01325 bar (1 bar = 10 dynes cm }
1 eY per particle . . . . . . = 11604.50(36) 'K (from E = kT)

rt. (ppm)
5.1

31
. 0.004

2.9; 8.9
2.9
Z.6; 5.4
2.6; 2.6
5.2
O. BZ

32
32; 31

125
125

2.8; 5. 1

Z.8; 0.38; 9.0
0.011
2.8
2.8
Z. 5
1.6
0.82
4.9
1.6
1.7
0.011
2.8
2.8

2.6
0.075

.31

= 1.772 453 85
JZ = 1.414 Z13 6
v 3 = 1.732 050 8
410 = 3.162 277 7

= 3.141 592 7 1 rad = 57.295 779 5 deg
e = Z.718 281 8 1/e = 0.367 879 4
in' = 0.693 147 2 lniO = 2.302 585 1

logiog = 0.301 030 0 log&~e = 0.434 294 5

Revised April 1980 by Barry N. Taylor. Originally prepared by Stanley J. Bradsky, based mainly on the "1973
Least-Squares Adjustment of the Fundamental Constants, " by E. R. Cohen and B. N. Taylor, J. Phys. Chem. «f.
Data &s 663 (1973}. The figures in parentheses correspond to the one-standard-deviation uncertainty in the
last digits of the main number. The equivalent uncertainty in parts per million (ppm) is given in the last
column. Note that the uncertainties of t.he out. put values of a least-squares adjustment are in general
correlated, and the general law of error propagation must be used in calculating additional quant. ities.

The set, of const, ants resulting from the 1973 adjustment of Cohen and Taylor has been recommended for
internatianal use by CODATA (Committee on Data for Science and Technology), and is the mast up-to-date,
generally accepted set currently available. Ha~. ever, since the publication of the 1973 adjustment. , a number of
ne~ ex per imen ts have been completed, yield in g improved values for some of t.he const. an ts: N~

6.0ZZ 097 8(63)x10 3 mole 1 (1.04 ppm); a 1 = 137.035 963(15}(0.11 ppm) [obtained using the Josephson effect);
and R = 109 737.314 76(32) cm (0.003 ppm). But it must be realized that, since the output values of a
least-squares adjustment are related in a complex way and a change in the measured value of one constant.
usually leads to corresponding changes in the adjusted values of' others, one must be caut, ious in carrying out
calculations using bath the output values from the 1973 adjustment and the results of more recent
experiments. A neer adjustment is planned for carnpletian by early 1982.
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CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS, AND d FUNCTIONS
J J

Note: A 'J is to be understood over every coefficient; e. g. , for -8/15 read -$8/ I s. Notation. '
M M

1/2 ~ 1/2 „,, 0 3
Y =

4
—cos0I

1 Z

m I mz Coefficients2 1/2
5/z 3/z
3/2 +3/Z

I /5 4/ 5 5/2
4/5 - I/5 + I/2
t I I/2 2/5

0 + I/z 3/5

+l/Z tlj2 I 0 0
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Sign convention is that of Wigner (Grou~ Theory, Academic Press, New York, 1959), also used by Condon a'nd Shortley (The Theory of
Atomic Spectra, Cambridge Univ. Press, New York, 1953), Rose {Elementary Theory of Angular Momentum, Wiley, New York, 1957),
and Cohen {Tables of the Clebsch-Gordan Coefficients, North American Rockwell Science Center, Thousand Oaks, Calif. , 1974) . The
signs and numbers in the current tables have been calculated by computer programs written independently by Cohen and at LBL. (Table
extended April 1974.)
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SU {3}I SOSGALAR FACTORS

The most commonly used isoscalar factors, corresponding to
the singlet, octet, and decuplet content of 8 8 8 and 10 8 8, are
displayed at the right. The notation uses particles names to
identify the coefficients, so that the pattern of relative couplings
can be seen at a glance. Ne illustrate the use of the coefficients
by example; see J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963) for
detailed explanation and phase conventions.

I

A W is. understood over every integer in the matrices; the
exponent &2 is a reminder of this. For example, in de Swart's
notation the " ~ QK element of our 10 ~ 10 8 8 matrix reads

(
10 8 10 —~6

+24

s ~ss—1

r
Nvr Nrl ZK AK

Zvr Avr Zq =K

NK Zvr Aq

ZK AK =vr =rl

~20

-1 -9 -1
0 4 4 '-6

-12 -4 -2
-1 -9 -1

1 ~ 8{m 8

(A) ( NK Zvr Aq =K )
1 (2 3 -1 -2 )

35

1 88

I'(0* ~ (:"K) )

r(h* (N ). . .)

12 x (threshold factors)6

Supplying isospin Clebsch-Gordan coefficients one obtains, e.g. ,

Intra-multiplet relative decay strengths can be read directly
from our matrices. Thus, the partial widths for h, ~ (Nvr)I 3/2 and
0* ~ (=K) I 0 are in the ratio

8 ~8 8

r
N7r Nri ZK AK

NK Zvr Avr Zq =K

NK Zvr Aq =K

ZK AK

I" (0* ~:- K )

r (h,
*+

1/2 12 3x —x tf =. —x tf
6 2

Partial widths for 8 ~ 8 8 involve a linear superposition of 81(syrtunetric) and 82 (anti-symmetric } couplings. For example,

2
~* 9 3I" (" ~ "vr) — — —g + —g20 1 12 2

10 ~8 8

N7r ZK

z

ZK AK "7r

8S
~12 3 -3 3 3

The relation between gl, g2 (with de Swart's normalization) and
the standard D, F couplings appearing in the interaction Lagrangian,

8~ 10{m 8

j.s

L = —~2 D Tr ([B,B] M) + ~2 F Tr([B,B] M)

hvr ZK

Zvr Zq =K

Zvr

1

v15

3

~30
40

~6
24 2

"vr "q QK 3 —3

Thus, I'(:- -+ =vr) - {1—2n)* 2 10 ~ 10 8

where g, = D/(D+F) .
hvr h, rl ZK

hK Zvr Zq =K

ZK =vr =q QK

:-K Qri 10 8

15 3 -6 32

8 8 0 -8

SU (n) Multiplicities

The table below gives the multiplicities of the multiplets
that occur in qq, qq, and qqq systems in various SU(n) ~ Normal
mesons are qq systems, and normal baryons are qqq systems. Also
given are the multiplets that occur in meson-baryon scattering when
the meson multiplet is the one to which the pion belongs and the

baryon multiplet is the one to which the proton belongs' Complex-
conjugate representations are indicated by a bar. The two
20-dimensional representations of SU(4) are indicated as 20 (which
contains the SU(3) decuplet) and 20' (which contains the SU(3)
octet) . The C(N, M) ' s are the binomial coefficients N!/[M!(N-M) !j.

qq

SU (2):
SU (3):
su(4):
su (n):

2@23344
nn

as&63
10+6

n (n+1) /2 n (n-1) /2

qqq (Baryons)

SU(2):22t32
SU(3): 3 S 3 Q 3
SU(4): 4 Q 4 Q 4
SU(n): nQnQn

422
10 8 $8 1

-+ 2020'20' 4
C (n+ 2 g 3 ) 2 C (n+ 1,3 )
2C (n+1, 3) C (n, 3)

qq (Mesons) Meson-Baryon Scattering
SU (2):
su(3):
su{4):
su {n):

Q 2 + 3 $ 1
3 3 ~ 8 $ 144~151
nn ~ (n -1) 1

SU(2): 3 Q 2 ~ 4 2
SU(3): 88 ~ 27 10 10 88& 1
SU (4): 15 I3 20' ~ 140 60 36 CB 20 CB 20' 20' EB 4

Rev. Mod. Phys. , Vol. 52, No. 2, Part ll, April 198Q



S36 Particle Data Group: Review of particle properties

PROBABILITY AND STATISTICS

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS

We give here praperties of the three probability distributions
most commonly used in high energy physics: Normal (or
Gaussian), Chi-squared, and Poisson. We warn the reader that
there is no universal convention for the term " confidence level"

as used by physicists; thus, explicit definitions are given for
each distribution, and we have attempted to choose definitions
that correspond to common usage. It is explained below how
confidence levels for all three distributions can be extracted
fr om the foil owing figur e.
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Confidence Level vs. X for nD Degrees of Freedom

I 2 3 4 5 6 8 lo 20 M 40 50 60 80 loo

A. 1. Normal Di s tribution

The normal distribution with mean x and standard deviation g
(variance gZ) is:

P{x)dx =
2- (x -x) /Zge dx.

The confidence level associated with an observed. deviation from
the tnean, 6, is the probability that.

I
x-x

I

) &, i. e. ,

2
/2 2 2

D 2 I (h)
(3)

where h (for "half'' ) = n /Z. .The mean and variance are nD
snd 2n, respectively. n evaluating Eq. (3) one may use
Stirling's approximation: I'(h) = (h-i)! = Z. 307 e h h(h t/3)x
(1 + 0.0833/h) which is accurate to * 0.1% for all h = 1/Z. The
confidence level associated with a given value of nD and an ob-
served value of X is the probability of chi-squared exceeding
the observed value, i. e. ,

CL = Z dx P(x)
%+6

(2)

A. Z. Chi-squared Distribution
The chi —squared distribution for n degrees of freedom is:

D

1 I I I
X- X

-2cr -cr 0 cr 20.

I The small figure in Eq. (2) is drawn with 5 = Zg.] CL is given
by the ordinate of the nD

—— 1 curve in the figure at y = (&/g')/ 2

The confidence level for 5 = 1g is 31.7 jp, Zg, 4.6%, 3g, 0.3%.
The central canfidence interval, 1-CL, {which is also some-
times called confidence level) for & = 1g is 68-3%, Zg s 95.4%',
3g, 99.7%. The odds against exceeding &, (1-CL)/CL, for

1g are '2 15 1; 2g', Z1:1; 3g, 370:1; 4g, 1 6 000 1; 5g,
1,700,000:1. Relations between g and other measures of the
width: probable error (CL = 0.5 deviation) = 0.67g; mean ab-
solute deviation = 0.80 g; RMS deviation = g; half width at half
maximum = 1.1 8 g .

CL =
2 dX P (X )

2 2

X
nD

(4)

X
0 5 hO

t The small figure in Eq. (4) is drawn with n = 5 and CL = 10%.]
CL is plotted as a function of X for several values of nD in the2

above figure. For large nD, X becomes normally distributed2

about nD. Thus,

y = (X — n )/QZn2
(5)

becomes normally distributed with unit standard deviation. A
better approximation, due to Fisher, 1 is that X, not X, becomes
normally distributed, specifically

y2 = ~ZxZ — ~2 D-1 (6)

appro'aches normality with unit standard deviation. For small
CL' s in particular, yZ is much more accurate than y1. Thus,
for nD = 50 and X = 80, the true CL = 0.45%, but y1 is 3.0 cor-
responding to a CL of 0.13%, while yZ is 2.7 corresponding ta a
CI of 0.35% .
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PROBABILITY AND STATISTICS (Cont'd)

A. 3. Poisson Distribution
The Poisson distribution with mean n is:

(n)
( )n

P (n) = (n=0, 1, 2, ~ ~ -).n nI (7)

a . =.Z V. . f. (x )y /0 2
e i j, n ij j n n n

Here V is the covariance matrix of the fitted parameters

(12)

The variance is equal to the mean. Confidence levels for Poisson
distributions are usually defined in terms of quantities called
"upper limits" as follows: The confidence level associated with
a, given upper limit N and an observed value n0 of n is the proba. —

bility tha, t n & n0 if n = N, i. e. ,

V. . =(a . -a .)(a . -a .),ij e, i e, i e, j e, j
which is given by

(V )i, =~ fi( n)f. ( „)/~„.

(13)

(14)

CI = Z . P (n)
n=n +1

CL The variance of an interpolated or extrapolated value of y at point
x, y =Za f (x), is:

n0
Z P (n)

n=0 N

1
—CL

PN

0 4 N 8 I2

(8)

[ The sma]]. figure in Eq. (8) is drawn with n0 —— 2 and CL = 90%-]
A useful relation between Poisson and chi-squared confidence
levels allows one to look up this quantity on the above figure.
Specifically, the quantity i -CL is given by the ordinate of the
nD = 2(nO+1) curve at y = ZN. Thus, 90% confidence level up-
per limits for n0 = 0, 1, and 2 are given by half the X value cor-2

responding to an ordinate of 0.1 on the nD = 2, 4, and 6 curves,
respectively; the va.lues are N = 2.3, 3.9, and 5.3.

a = (S S — S S )/D,e y xx x xy
=(S1S -S S )/D,

where

(16)

S, S, S, S, S = Z (1, x, y, x, x y )/o'
2 2x' y' xx' xy ' n' n' n' n n n'

D=S S -S
XX X

The covariance matrix of the fitted parameters is:

(17)

(y -y ) =Z V. . f (x)f (x).2
(l5)e e . . ij i j1]

For the case of a straight line f'it, y(x) = a, + bx. , one obtains the
following estimates of a and b,

Tables of confidence levels for all three of these distributions,
the relation between Poisson and chi-squared confidence levels,
and numerous other useful tables and relations may be found in
Ref. Z ~

V Vaa, ab

ab bb

S -S
XX X

S S1X

(18)

The variance of an interpolated or extrapolated value of y at point
1S:

B. STATISTICS — 2=1 1S
(y -y) = S+

Sx.X
S1 (19)

We consider here the situation in which one is presented with N
independent data, yn +o'&, and it is desired to make some
inference about the '' true" value of the quantity represented by
these data. For this purpose we interpret each datum yn as a
single sample point drawn randomly (and independently of the
other data) from a. distribution having mean y (which we wish to
estimate) and variance g - (Identification of the true gn with the

datum is an approximation which may become seriously inac-
curate when On is an appreciable fraction of yn. ) Some methods
of estimation commonly used in high energy physics. are given
below; see Ref. 3 for numerous applications. Section 8.1. deals
with the case in which all yn are the same, e. g. , several differ-
ent measurements of the same quantity; Sec. B.Z. deals with the
ca, se in which yn = y(x ), where x represents some set of inde-
pendent variables, e. g. , cross-section measurements at various
values of' energy and angle, xn = (En, 8nj.
B.1. Single Mean and Va.riance Estirna. tes
(1 ) If the y r ep r e s e nt a s e t of value s' all s uppo s e dly d r awn fr om
a single di s tribution with me a,n y and variance 0 (i. e. , the 0' are
all the same, but their common value is unknown) then

C. ERROR PROPAGATION

8 f2'= f((») ' 2 mn mn By Bymn mn (2o)

(f-f) = z vrnn rnn By
(» = (y)

By
(y) = (y3

(Z1)

E. g. , the mean and variance of a function of a single variable
with mean y and variance p are:

We consider here the situation in which one wishes to ca.lculate
the value and error of a function of some other quantities with
errors, e. g. , in a Monte Carlo program. Let (y) be a set of
random variables with means (y $ and covariance matrix V.
Then the mean and variance of a function of these variables are
approximately (to second order in (y-y) ):

y = —Z y ande N n n (9)

2
(10)

e
2 2 Iare unbiased estimates of y and O' . The variance of y is 0' /N.eIf the parent distribution is normal and N is large, the variance of

Q'2 is 2Q'4/N.e

(Z) If the y all have the common value y and the 0 are known,
then the weighted avera. ge

Iif = f(y) + 2 (x f"(y),

(f — ~) = o f' (y)

(22)

(23)

Note that these equations will usually be applied by substituting
some measured quantities, (y) say, for the true means, (y). If,
as is often the ca.se, yn - yn is of order Q Vnn, then there is no
point in keeping the second order terms in Eq. (20) or (2Z) since
the substitution itself introduces first order errors.

1
y = —Z w y (11)e w n n n'

where w = 1/cr and w = Z w, is an appropriate unbiased esti-nmate of y. This choice of weighting factors in Eq. (11) minimizes
the variance of the estimate; the variance is 1/w.

B.Z. Linear Least Squares Fit

2 ~

3.

R. A. Fisher, Statistical Methods for Research -Workers
(Oliver and Boyd, Edinburgh and London, 1958).
M. Abramovitz and I. Stegun, eds. , Handbook of
Mathematical Functions (National Bureau of Standards,
Applied Mathematic s Serie s, Vol. 55, Washington, 1964).
W. T. Eadie, D. Drijard, F. E. James, M. Roos, and
B.. Sadoulet, Statistical Methods in Experimental Physics
(North-Holland, Amsterdam and London, 1971).

A least squares fit of the function y(x) = Zi a1f1(x) to independent
data yn + p'n at points x (e. g. , a Legendre fit in which the f are
Legendre polynomials and the a- are Legendre coefficients) gives
the following estimates of the parameters a1: Revised and expanded April 1974.
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RELATIVISTIC KINEIVIATICS

BASICS
(a) Lorentz transformations -- Let E and p be the energy and
3-momentum of a particle or system as seen from a certain
inertial frame, and let E and p be the same quantities as seen
from a second inertial frame that moves with velocity P relative
to the first. Then starred and unstarred quantities are related
by

Here y = (1 —P2) ~2, and subscripts Il and L indicate
components of p or p that are parallel or perpendicular to P
(often g is used for yP). The inverse transformation is given by
changing P to -P. A particle of mass m at rest in the second
frame, so that it is moving at velocity P relative to the first, has
E = m and p =0, sohere

E = ym, p = yPm .
In any frame, the energy, momentum, and mass are related by

E = p + m

{b) Four momenta; scalar products -- The 4-momentum vector
of a particle or system having energy E and 3-momentum p is

q = (E, p) = (E, p„,p„,p,).
Conservation of energy and the components of 3-momentum for
any process a + b + ... ~ 1 + 2 + ... may then be written as

q, + qb + -" = qq + q2 + ~ - ~

Although the components of a 4-momentum are different in
different frames, the scalar product of any two 4-momenta q
and q', defined as

q-q' = EE' —pp
is an invariant; i.e. , in numerical calculations the same result is
obtained in any frame, and in algebraic calculations results
obtained in different frames may be equated. For a particle of
mass m, the scalar product q-q is

qq = q = E —p = m

The invariant mass M (or total c.m. energy) of an n-particle
system is given by

M' = (g q)' = (ZE;)' — (Zp&)

where q; = (E;, p;) is the 4-momentum of the i " part, icle.

(c) Electric and magnetic forces -- In Gaussian cgs units, the
force on a particle with charge q moving with velocity v in
electric and magnetic fields E and 8 is

F = qE+ qPxB,
where P = v/c. The units are F in dynes, q in esu, E in
statvolts/cm, and 8 in gauss. In mksa units, the force is

F = qE+ qvxB,
where the units are F in newtons (1 N = 10~ dynes), q in
coulombs (1 C ~ 3x10 esu; each 3 in this section is really
Z.99"l9...), E in volts/m (1 V ~ 1/300 statvolt}, and 8 in tesla (1 T
= 104 G). The force is zero if E and 8 are at right angles, P (or v)
is in the direction ExB, and P = E/8 (cgs) or v = E/8 (mksa).

In a uniform, static magnetic field, the path of a charged
particle is a helix of constant radius R and constant pitch angle
A, with the axis of the helix being along B. The momentum is
related to the other quantities by

p cos A ~ 3x10 qBR,
where the units {very mixed. ) are p in GeV/c, q in multiples of
the electronic charge e, 8 in kG, and R in cm. The angular
velocity about the axis of the helix is

3x10 q8/ym,
where the units are ~ in rad/sec, q in multiples of the
electronic charge e, 8 in kG, and the energy ym in GeV.

(b) Two-body decays -- A particle of mass m decays into two
particles, masses m& and m2. In the rest frame of m, the
energies of m& and m2 are

(m + m& —m2)/Zm2 2 2

., = (m + m, —m, )/~m.2 2 2

In this frame, the 3-momenta of m& and m2 are equal and
opposite and of magnitude

k = {~& —m2&) ~ = (e2 —m ) ~2m2

f[m~ —(m) + mq) ] [m~ —(mq —m~)~]f /Zm .
See also the third paragraph of III(b).

(c} Three-body decpys -- A particle of mass m decays into
three particles, masses m&, m2, and m3. The invariant masses
m;. of the 2-particle systems, where m;- = (q; + qj), sat'isfy
the relation

m)2+ mf3+ m23 m + m& + m2+ m3
2 2 2 2 2

so that only two of the three m,j's are independent. In a
rectangular Dalitz plot, m(3 (say) is plotted against m&2. The
kinematic boundaries may be calculated as follows: (i) The lower
and upper limits on m &2 are (m

&
+ m2) and {m —m3) . (ii) For

any m&2 between these limits, the lower and upper limits on m)3
are given by taking the + and —signs in

m)3 = {Eg + E3} —{pg W p3)
where

Eg

E3

p~

{m&2 + m& —m2)/Pm&22 2

{m —m )2 —m~3}/Zm (2
{E2 —m2}«2

p, = (E,' —m32}'~2.

(These are the energies and momenta of particles 1 and 3 in the
rest frame of m&2. ) The phase-space density is uniform over
the areas of both the above and the following form of the Dalitz
plot.

In a triangular Dalitz plot. , the kinetic energies T&, T2, and T3
of the final-state particles in the rest frame of m are plotted as
the distances inward from the sides of an equilateral triangle
whose altitude is the energy Q released by the decay:

Q = Ti + T2+ T3 = m —mi —m2 —m3.
The kinetic energies are related to the 2-particle invariant
masses by

ZmT& = {m —m&} —m23 {m23 ) m23
etc.

II. DECAYS

(a) Survival probabilities --, Let a particle have mass m and
proper mean life vo. In a frame in which its 4-momentum is
(E, p), the probability that it survives a time greater than t
before decaying is

Prob. (&t) = exp(-t/yvo) = exp(-mt/Evo} .
The probability that it goes a distance greater than x before
decaying is

Prob. (&x) = exp(-x/ypc~o) exp(-mx/pczp}
values of ceo (in cm) are given in the Stable Particle Table. If
the particle has, charge te and is in a uniform magnetic field 8
Isee I(c)], then the probability that the projection of its helical
path on the plane perpendicular to 8 turns through an angle
greater than 8 before decaying is

/

Prob. (&8) = exp(-Cm8/BT p},
where, if m' is in GeV, 8 in deg, 8 in kG, and Tp in sec, then C is
numerically 1.942x10 . This last distribution is independent of
p or the helical pitch angle A, ; its only dependence is geometrical.
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RELATIVISTIC KINEMATICS (Cont'd)

(d) Four-body decays -- A particle of mass m decays int. o four
particles, masses m&, m2, rn3, and m4. In a triangle (or
Goldhaber) plot, the invariant mass of two of the particles is
plotted against that of the other two, say m34 versus m&2, where

mph (q;+ qj) . The kinematic boundaries of this plot are the
sides of the triangle whose vertices are at the points {m&2, m34)
= (m~+ rn2, m3+ m4), (m&+ m2, rn —m& —m2), and (m —m3 —m4,
m3+ m4). The phase-space density is not uniform over the
enclosed area.

III. REACTIONS (MAINLY 2-BODY)
(a) Initial state -- Two particles, masses m& and rn2, interact, .
In the lab frame, where particle 2 is at rest, the 4-momenta are
(E&, p&) and (m2, 0). In t.he c.m. frame, where the 3-momenta
are equal and opposite, the 4-mornenta are (e&, k} and
{e2, -k). Then the total c.m. energy E is given by

E = {fg+ 62) = m)+ m2+ 2Egm2.2 2 .2

The c.m. energies of particles 1 and 2 are

{m) + Erm2)/E = (E + mg —m2)/2E

(m2 + E&m2)/E = (E + rn2 —m&)/2E .
The c.m. momentum k is

k = p&m+E .
See also the expression in II(b) for k, in which replace m with E.

The velocity of the c.m. relative to the lab is

pg/(Et + 2}
The paraineters for the Lorentz transformation between these
frames tsee I(a)] are

(Eg + m2)/E
and

vP = p~/E.

(b) Two-body final states -- In t.he reaction 1 + 2 ~ 3 + 4, let
the masses be rn. and the final-state c.m. 4-moment, a be
(a3, k') and (e4, -k'). Then

e — (E2 + m2 —m2}/2E

(E + m4 —m3)/2E;
and

{f,2 —m }~~2 = (q2 —m2}~~2

f[E~ —(m3 + m4)~] [E~ —(m3 —m4) if /2E .
Let 8~be the lab production angle of particle 3 {the angle

between p3 and p&), and let 83 be the c.m. production angle (the
angle between k' and k}. These angles are related by

P3J sin 83
P3I { o 8, + P/P, } '

where p3& and p~ are the components of p3 perpendicular and
parallel to p&, and p3 = k'/e3 is the c.m. velocity of part, icle 3.
tSee III(a) for V and p. ] If p ) p3, then particle 3 can only go
forward in the lab, the maximum 83 being given'by

p2 1/2
em8X p

P —P3

The components of p3 satisfy

P3I V«3

which is the equation of an ellipse with semi-major axis Vk' and
semi —minor axis k'. Thus the possible lab rnomenta of particle 3
are t, he vectors to the ellipse from the point a distance Vp&3

back along the major axis from the center of the ellipse.

The results of the preceding paragraph also apply to?-body
decay. Just set m& = 0, in which case E = m&. [The decay-
product masses are here m3 and rn4, not m& and m2 as in II(b).]

The Mandelstam variables s, t, and u are the Lorentz scalars
defined in terms of the particle 4-momenta q~ as

s = (q& + q2)2 (q3 + q4)
t = (q& —q3)' = (q2 —q4)'
u = (q~ —q4) = (q2 q3)

They satisfy the relation
s+ t+ u = m2+ rn2+ m2+ m1 2 3 4 ~

so that only two of t.he three are independent. Evaluating s in
the c.m. frame gives

s = {6g+ 62) = E
and evaluating t and u, the 4-momentum-transfer-squared
variables, in this frame gives

+ rn3 26
AD%3

+ 2kk' cos 83
t.n

—4kk' sin2(831'2)

u = m& + m4 —2E, (64+ 2kk' cos 84

uo —4kk' sin2(84/2),
where 84 is the c.m. production angle of particle 4 (83+ 84 R),
and

to = t(83 = 0} = (6 g
—63) —(k —k')

uo = u(84 = 0) = (6g —64) —{k —k')

The differences Lit = to —t~ and hu = uo —u~, where t~ = t(83 =
n) and u~ = u{84 = m), are

ht = du = 4kk' .
For elastic scattering, where m& = m3 = m and m2 = m4 = M,

to is zero and
-2k (i —cos 83) = —4k sin (8312) .

And now

uo = (rn2 —M2)2/s .
Evaluating t in the lab frame gives

t = -2MT4,
where T4 = E4 —M is the lab kinetic energy of particle 4. For
small-angle elastic scattering,

{-t) k83 p&e3 p4,
where p&, e3, and p4 are lab quantities.

IV. OTHER VARIABLES

(a) Rapidity -- For a system of energy E and moment, um p, the
rap&d&ty y &s given by

2 fn E-- —— = tanh — = gn

where pll is the component of p along a part, icular axis (the-
"rapidit, y axis", chosen, for example, parallel to the direction of
an incoming beam}, and m& = (m2+ pg) ~ . Inverting these
equations, we find

E = m& cosh y

pI = m&sinhy.
The shape of a rapidity distribution is invariant under a Lorentz
transformation between inertial frames with relative motion
parallel to the rapidity axis. Such a transformation is given by

1+P
y = y —En[V (1+P)] = y ——&n2 1-P

~here the sign of P is positive in the direction of increasing
rapidity and pl.
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RELATIVISTIC KINEMATICS {Cont'd)

(b) Scaling variable, hadron reactions -- In the inclusive
reaction h + 2 -+ 3+ X, with h any hadron, Feynman's x for
particle 3 is defined as

x = k'I /k'~~x,
where k' is the c.m. momentum of particle 3. k'~~„is obtained
[see Sec. III(b)] using the smallest mass m&& [called m4 in III(b)]
consistent with quantum conservation law' s. At high energies,
k'~~„~~s/2. Rapidity and x are related at large v s by

2m'
x ~ sinh y

s

where y is evaluated in the c.m.

(c) Scaling variables, lepton reactions -- For the inclusive
reaction l + 2 ~ l'+ X, with particles l and l' leptons, we define
the 4-vector

(pt pt )
so that

Q = q = 2EtEt' 2~pt~lpt') cos e —mt' mt2 2

where 8 is the S ~ l' scattering angle, and the preceding relation
is valid in any frame. Also useful are

p2 q/m2 = t Et —Et ]~ = ( Ex —m2 jLAB
and

W = Jp&~ = (-Q~+ om&t + mg)t~g = mX .

Q, v, and % are Lorentz invariants, and the notation "LAB"
refers to the reference frame with particle 2 at rest. (Note: v is
sometimes written v = p2~q, leading to the replacement of m2v
with v throughout. )

Scaling variables in common use include

x = ~ ~ = Q2/2m2v, Oc~xS~ 1
and

y = m2v/pt p2 = t (Et Et')/Et j~ ~ O S y

Both x and y are dimensionless.
Cross sections for inclusive reactions in the energy region

where masses are negligible can be written in terms of Et and
certain pairs of these variables, usually Q2 and v, x and y, or Q2

and x. If, in any frame, (ptI)pt ) ~ EtEt and
EtEt. sin2 (e/2) && m2t and mt (i.e. , mt, mt small), then

Q 4EtEt sin2 (8/2)
and

2E,E,. sin2 (6/2)
x m v

Inequality sometimes violated unless mX ~ m2 and mt ~ mt.

LORENTZ INVARIANT PHASE SPACE FORMULAE

3 ~
d P.

H
1

(
)'n '='

For Z -body: d LIPS(s, p1, pZ) = 5 (p-p -p ) d p
(ZTr ) s

d LIPS(s,p, ~ ~, p ) = (2&) 5 (p — & p. )1 n 1

For a, system of n particle s with overall four -momentum p and final four momenta p1, ~ ~ ~, p [ p. = ( E. , T . ) ],n i 1 1
Lorentz Invariant Phase Space is given by

For 3-body: d LIPS(s, p1, p2, p3)
4 1

5
~ (p p1 pZ p3)d p 32 ds12 ds23dudcos Isd

(Zm)
(3)

where u, l3,
'

a,nd y a.re Euler angles.

F' or s. + h n particles or X n. particles, in general
~
i)

0. =
I ~. d I IPS(s;p1, ~ ~ ~, p ),

2

or
I . =

i
c4G.

& ~

d LIPS(m; pi, ~, p ).1 2 2.

where c4. is a,n invariant matrix element. F1f ~ la,b ~ 1 a,bis beam, b, target (P = 0), then F =
~

Pb a

2 2 2 2is IVlgller' s invariant flux factor, F = (p ~ p ) — m m . If a
a, b a

/m = iP (Ps

For elastic scattering in c. rn. , P
~

= ~Pi ~, snd (2) and (4) yielda
2

dn (8 )2
do I A4

/

dt
64m iP s

(6)

The normalization is such that the optical theorem reads

I mf, = ZiP'
f Mo„„.

The choice of Eq. (1) implies a particular normalization of any spinors that may occur in +(. . The advantage
1of this normalization is that it greatly simplifies the structure of A4,by putting factors such as

(2 )
into the phase space where they really belong. In addition, the labels, i, f, refer to specific spin (helicity)
states, so that the usual "average and sum" rule is implicit.
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WEAK INTERACTIONS OF QUARKS AND LEPTONS

The "standard" SU(2) 8 U(1) model ' is described here for six
quarks and six leptons in left-handed doublets of SU(2) ~ andweak
r ight-handed single ts o f SU (2) weak (T3 = third component of weak
isospin):

+weak
G 4 (JCnJC 2 JNn JN )

The effective Lagrangian for exchange of W and Z between two

currents reduces at low q to

with G /T2 = 7Tn/(2M sin 9 ),2 . 2

Assuming the simplest Higgs
are related by M = N /coseW-
interaction parame ters are

n = e/(47'), and p = M/( o 9 ).2 2 2 2

structure, p=l, and the W and Z masses
Currently reported values of the weak

T= T3=0 u d c
R R R R R R R j

cose
i

= 0.9737 + 0.0025
1

Mixing occurs between quarks d, s, b of charge -1/3 (by
convention the charge 2/3 quarks, u, c, t, are unmixed) and is
expressed by the Kobayashi-Maskawa (KN) mixing matrix

S =
j

-S C

i &-...
slc3

i6
clc2c3+s2S3e

i6
C1S2C3

S1S3

ih ( i
where ci = cos 9. , si = sin ei, i = 1,2, 3. In the limit e,=e3 6 0,
this reduces to the usual Cabibbo mixing with 91 the Cabibbo angle.

~

sinB cose
~

= 0.219 + 0.011

Isine sine j
= 0.06 + 0.06

1 3

2sin 9

2sin B

= '0. 218 + 0.025, p = 0.985 + 0.026

0.228 + 0.010, p = 1 (f ix«)

e, and d not determined without
additional theoretical input

—5 -2
G = G = (l.16632 + 0.00004) x 10 GeV

Reft 3

Refs. 3, 4

Ref. 5

Refs, 6

Ref�.

7

The interaction Lagrangian is

e A J +n em 1 n N 1 +n C -n C4
sine cose ZJ + —(W J +W J )n n

W W &2 sine
W

The resulting mass estimates for W and Z are NW = 37. 3 GeV/sine
78. 1 + l. 7 GeV, and NZ = 88.9 + 1.4 GeV, where the numerical

values are obtained using the simplest Higgs structure (p = 1).

Here BW is the weak mixing angle in the relations
0

W = Zcose + Asine
W W

B = -Zsine + Acose
W . W

Lepton-Nucleon Inclusive Scattering

For reactions R+N -+ I'+X, dif ferential cross sections can be
written using several choices of independent variables. These are
relat. ed by

which relate the physical f ields A (photon) and Z (neutral weak
gauge boson) to W (SU (2) k partner of W and W ) and 8 (U (1)
gauge field). The charged current is written

d G.

dxdy
2 d 0 d 0

2NE y 2NE x
d~dQ2 dxdQ

02' NE~y 2

dQdE~,

2VTME y . 22

~

-+
I

dQdE~,

(j& V g ) Y — p + (u c t) Y mixing

matrix b

i.e. , V-A structure. The neutral current is written

where V, Q , x, and y are defined in the Relativistic2

Kinematics section IV (c), E~, p~ and E~i, p~& are the incident
and outgoing lepton lab energies and momenta, and M is the
target nucleon mass.

(1-Y5)
8, 9Structure Functions

e

+ (e p 7) —
2 Y 2

+ sin 9

+ (u c t) —,Y, - 3»n 9 Yn2 n 2 3 W

t

2 V(V)

dxdy

G ME

1 —y ——xy F (xQ)M 'V (8) 2

+ —2xF (x, Q ) + y — —xF (x,p )y 'V (V) 2 y V (V) 2

2 . 1 2 3

For charged current (C. C. ) and neutral current (N. C. )

reactions, we have

d
1 (1 Y5) 1 2

+ (d s b) ——Y + —sin e Y s
2 n 2 3 W n

b

fi
where for fermion f the coupling II' g has a V-A term depending on

T3 and a vector term depending on charge Qf..f

where the upper and lower signs refer to, V and V scattering,
respectively, and F3 is defined as a positive quantity.
The other common structure functions Wi are related by
MW'1 —— Fl, VW2 —— F2, and. 'VW3 = -F3. For electron and
muon scattering, F3=0, and G2 is replaced by BENT n /(Q2)2.

I"
J = T3 Y 2 Qf 8 Yn W n
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WEAK INTERACTIONS OF QUARKS AND LEPTONS (Gont'd}

a
L

R
GT

( f Q ) —2xF1(x, Q ) +
2 F2 (x, Q )

2xF1 (x, Q )

The ratio of the longitudinally to transversely polarized
photon absorption cross section is (N. C. ) F (x)

xF (x)

2p xg[(x ) +(p ) ] [f (x)+f (x)jL R

2p xg [('p ) — (E ) j [f (x)-f—(x)]L R q qq

To compare with the parton-model predictions below, we write
for Eg » M:

F. (x) = F. (x)u
1. j

2 u(u)d 0
dxdy

2
|) 1 u(u) u(u) 1 u(u) u(u)2xF + xF

(E.M. ) F2(x) = x +Q [f (x) + f-(x) j
q q q

+ ( 1-y) (F — 2xFu(u) u(u)b
1

In the examples below, u (x), u (x), d (x), d (x), etc. , mean
f (f-) for the individual quark (antiquark) in the proton (for
neutron, interchange u(x) and d(x)). Charm production is taken
into account.

d2a
dxdy

8HG ME~ 1+ (1

(Q )

2xF + (1—y)(F ' —2xF ' )1 2 1

F = 2x[d(x) + s(x) + u(x) + c(x) ]2

F = 2x[u(x) + c(x) + d(x) + s(x) ]2

10
The Free-Quark-Parton-Model Predictions

up~p xxF
3

2x I d (x) + s (x) —u (x) —c (x) ]

For this model in the Bjorken limit (Q, V~~ with x fixed),2

F (x, Q ) ~ F (x) . F For spin- && quark parton s, we have
2xF1 (x) = F2 (x), the Callan-Gross relation. Thus, in this
approximation, R=O and there is no (1-y) term in the cross section.

+up~+ XxF3 2xfu (x) + c (x) —d (x) —s (x)]

Hereafter we neglect small contributions of the s, s, c, c quarks
in the sea.

2 VN»)j x
d 0~ (c.c. ) dxdy

2
G ME~

— 2» P 2f (x) + f (x) (1-y)
q q

For charge-symmetric nuclei with q(x) = u(x) + d(x),
q(x) = u(x) + d(x)

d a2 VN ~vx
~ (N. c. ) dxdy

2
2 2 2'

7[
2p x g (pp) f (x) + f—(x) () —y)L, q q

+ (F ) f (x) (1-y) + f-(x)q 2 2
R q q

For VN ~ p X, interchange fq(x) and f-(x) in the formula. Here+

f (x) dx is the number of quarks q in the target: nucleon with
q

momentum fraction x to x+dx. We include fq(x) and f- (x) in the
sum only for negative (positive) charged quarks and aqnt iquarks
in u (V) reactions.

VN~P X
F2

VN-» p X = xaq(x) + q(x) ]
F2

VN~il XxF VN~P XxF xLq(x) — q(x) ]

ed 5 u(u) dF (x) = —F
2 18 2 C.C.

r
5.

average squared charge of u, d quarks18

F ' (x) = x —(u(x) + u(x)) + —(d(x) + d(x) )2 9 9

2
F = T — Q sin 9

L 3 q W

q . 2-Q sin 0
R q W

For VN + VX, interchange F and E:q in the cross-section formula.L R

2 ef]J00 '(E ~ M. ) dxdy

87[(X MEg
2

1 + (1-y) 2
xgp [f (x) +f (x)j

(p2) 2 -q q q 2
q

Comparison with earlier structure function formulas gives:

(c.c. ) F2 (x) 2» P [f (x) + f (x) j, —
q q

xF (x) 2» Q [f (x) —f-(x) ];
q q

and the sum runs over all quarks. Here the neutral-current
coupling is decomposed according to

(1-y5) (1+Y5 &

rq = aqua +cq yG L Q 2 R cr 2

with left- and right-handed coupling constants Fq and Fq. In theL R"standard" SU (2) U (1) model
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PARTICLE DETECTORS, ABSORBERS, AND RANGES"

A. DETECTOR PARAMETERS

In this section we give various parameters for common detectors.
The quoted numbers represent at best an order of magnitude, and
are useful only for preliminary design. A more detailed intro-
duction to detectors can be found in "A Consumer's Guide to
Particle Detectors, " by -D. J. Miller, Rutherford Lab Report
RL-76-072, July 1976.

A. l Scintillators: Photon yield = lp/100 eV in plastic
scintillator and = lg/25 eV in NaI. lf

A. 2 Cerenkov: Half-angle 8 of cone aperture in terms of.3

velocity 8 and index of refraction n:

A. 5 Shower Detectors: Typical energy resolutions (FWHM) for
incident electron in the 1 GeV range, E in GeV. For a fixed
number of radiation lengths, FWHM in the last three detectors
would be expected to be proportional to )/t for t (= plate
thickness) & 0. 2 radiation lengths.

7 2%NaI (20 rad. lengths):
E

8 10 —12-Lead Glass (14 rad. lengths):
QE

16oLead-Liquid Argon (15 ' 75 rad. lengths):
(42 cells: lead, 2 mm liquid argon,

lead-G10, 2 mm liquid argon)

8 = arc cos —— 2 1c Bn gn

Threshold velocity: g = 1/n; g = 1 1 —g
2

.t ' t
2Therefore, 0&'y& —— 1/w 26 + 0, where b = n-1. Values of 5 for

various commonly used gases are given as a function of pressure
and wavelength in Ref. 4; for values at atmospheric pressure,
see the Table of Atomic and Nuclear Properties following.

Lead-Scintillator Sandwich (14 rad. lengths): 9 22%

(35 cells: 2 mm lead, ~E
12.7 mm scintillator)

10Proportional Wire Shower Chamber (17 rad. lengths):
(36 cells: 0.474 rad. length type-metal+ Al,

9.5 mm 80% Ar —20% CH4 gas)

40-

Number of photons N per cm:

2500 sin 8 /cm (visible spectrum)c

2)T dV
1

8 y

A. 6 Proportional Chamber Wire Instability: The limit on the
voltage V for a wire tension T, due to mechanical effects
when the electrostatic repulsion of adjacent wires exceeds
the restoring force of wire tension, is given by

1/2
V

RC

A. 3 Photon Collection: In addition to the photon yield, one
should take into account the light collection efficiency
(- l0-o for typical 1-cm-thick scintillator), attenuation
length (=1 to 4 m for typical scintillators ), and quantum
efficiency of the photomultiplier cathode (~ 25%) .

where s, g, , and C are the wire spacing, length, and capacitance
per unit length. An approximation to C for chamber half-gap t.
and wire diameter d (good for s ~ t) gives

V 59T —+ —Rn
1/2 t s s

R zk T('d

A. 4 Bubble, Streamer, Wire Chambers: where V is in kV, and T is in grams.

Bubble

Streamer

Optical spark
+300'
+200'

Chamber Type Accuracy (rms)
Resolution

Time

1 ms

2 ps
2 PS

Dead
Time

=1/20 sa

=100 ms

10 ms

A. 7 Proportional and Drift Chamber Potentials: Potential
distributions and fields for an array of parallel line charges
q (coul. /m) along z and located at y = 0, x = 0, +a, +2a, . . ~ ,
can usually be calculated with good accuracy from. (MKSA):

u(x, y) = — fn 4 sin (—) + sinh —
)

q 2 (vrx3 . 2

aryan

4xs, '( a ) a )

Magnetostrictive
Spark +500'

~+300' 'c 67Proportional
Drift +'50 to 300'

2 ps
=50 ns

e2 ns

a~Multiple pulsing time.
60@ for high pressure.
300@ is for 1 mm pitch.
Delay line cathode readout can give +1504
parallel to anode wire.
For two chambers.

10 ms

=200 ns

=100 ns

B. COSMIC RAY FLUXES

, The fluxes of particles of different types depend on the lati-
tude, their energy, and the conditions of measurement. Some
typical sea-level values are given below:

I flux per unit solid angle about verticalv direction crossing unit horizontal area

J perpendicular component of total flux crossing
unit horizontal area from above

J total flux crossing unit horizontal area

Iv

Jl
J2

Total
Intensity
1.1 x 10

1.8 x 10
-22.4 x 10

Hard
Component

-20.8 x 10

1.3 x 10

1.7 x 10

Soft
Component

-20. 3 x 10
0.5 x 10

0.7 x 10

-2
cm

-2
cm

-2
cm

-1 -1sec sterad
-1sec
-1sec

Very approximately, about 75% of all particles at sea-level are
penetrating, and are muons. The absolute flux of protons at
sea-level, in a momentum range 700-1100 MeV/c, is 1.5xlO cm
sec sterad , or -O. lh of all particles.
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C. PASSAGE OF PARTICLES THROUGH NATTER

C. 1 Energy Loss Rates for Heavy Charged Projectiles: A heavy
projectile {much more massive than an electron} of charge Zi
incident at speed gc (8 » 1/137) through a slowing medium,
dissipates energy principally via interactions with the elec-
trons of the medium. The mean rate of such energy loss per
unit path length x may be written as:

C ~ 2 Energetic Knock-On Electrons: For a spinless point-charge
projectile, the production of high energy (kinetic energy T » I)
electrons is given by (neglecting the spin of the electron):

dN
dTdx

D p Z Z.
med med inc
A 8med

2 2 22mY8c2bC
x Rn — 8 — —— (1+uj,I 2 Z

med

for
1

I &+ T ~+ T r Tmax max

2 ' 2 22m8Yce

1+ 2Y ——+

where D = 4l'NAremec = 0. 3070 NeV cm /g (see Physical and2

Numerical Constants Table) .

Here Zmed and Amed are the charge and mass numbers of the
rnediurn and p d is the mass density of the medium; I, 6, C, andmed
u are phenomenological functions. Frequently, the values of
C, and u are negligibly small; the parameter I characterizes
the binding of the electrons of the medium. As a rule of thumb,
we may estimate I for an idealized medium as I = 16 (Z d) eV
when Z d& 1. For realistic media the value of I will vary at
the 10-o level from this estimate; for H2, I = 20. 0 eV. We may
approximately treat media which are chemical mixtures or
compounds by computing

n

with (dE/dx) appropriate to the nt chemical constituent
{using p{ as the partial density) .

med

The function d represents the density effect upon the energy
loss rate;. it is non-negligible only for highly relativistic
projectiles in dense media. For ultra-relativistic projec-16
tiles, 5 approaches 2knY + constant, where the value of the
constant depends upon the density of the medium and its chemical
composition.

The function C represents shell corrections to the energy loss
rate. These effects are non-negligible only for projectiles14
with speeds not much faster than the speeds of the fastest
electrons bound in the medium.

where N is the mass of the incident projectile and all other
quantities are as in section C. l. This formula does not differ
significantly from the precise result, incorporating spin
effects, for any projectile (including e —

) in the restricted
range I « T « T ; more accurate formulae are available formax 20 2]various projectiles. ' Our formula is inaccurate for T
close to I; for 2I — T 10I, the 1/T dependence above becomes= T " with 3 & q & 5.22

max

D med med inc
med 8

max max 82 ~ 2C
2 ZI med

C. 3 Rates of Restricted Energy Loss for Charged Projectiles:
The variability of energy loss for heavy projectiles is due
primarily to the variability in the production of energetic
knick —on electrons. Bremsstrahlung and pair production
processes make this variability even greater for electrons
than for heavy particles as projectiles ' (see, e.g. , the f igure
"Fractional Energy Loss for e+ and .e in Lead" ) . If an instru-
rnent is capable of isolating these high-energy-loss interactions,
then it is appropriate to consider the rate of energy loss
excluding them, i.e. , a restricted energy loss rate. The mean
energy loss rate via all collisions which have energy transfer
T such that T ~+ E &&. T is:max max

The function u represents corrections due to higher-order
electrodynamics. These ef fects become important when

~
Z /17 8

is comparable to 137. For relativistic unit-charge projectiles,
is of the order of 1:; positively charged projectiles lose

energy more rapidly than do their charge conjugates. 17,18

Notice the overall factor of 1/2.

The density effect. causes the restricted energy loss rate to
approach a constant, the Fermi plateau value, for the fastest
projectiles.

(dE/dx). falls rapidly with 8 until reaching a minimum around
8 = 0.96 (almost independent of medium), followed by a slow rise.
Because of the density effect, the quantity in square brackets
approaches RnY + constant for large

The value {dE/dx) dx is the mean total energy loss via inter-
actions with electrons o f the medium in a layer of thickness dx.
For any finite 6x, Poisson fluctuations can cause the actual
energy loss to deviate from the mean. For thin layers, the
distribution is broad and skewed, being peaked below (dE/dx)6x,
and having a long tail toward large energ losses. Only for
a very thick layer [{dE/dx)bx » 2m g y c j will the distribution
of energy losses become nearly Gaussian. The large fluctuations
of the total energy loss rate from the mean are due to a small
number of collisions with large energy transfers. The fluctua-
tions are greatly reduced for the so-called restricted energy
loss rate, described in section C. 3.-

g(8 )dBplane plane exp — d8

where

C.4 Multiple Coulomb Scattering through Small Angles: As a
charged particle traverses a medium it is deflected via many
independent small-angle Coulomb scatterings. The bulk of this
deflection is due to scattering from the nuclei in the medium.
The non-projected (space) and projected (plane) distributions
are given approximately by the Gaussian forms:

8
2

space 2 2
0

20 MeV/c / L 1 Le
0 p8

Z. g — 1 + —log — (radians),inc L 9 10 LR R
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e = 80 space
8rms
plane

Beyond angles of about 280, he true distribution function
has a long tail which contributes at the level of roughly 1%
of peak height, slowly descending, beyond the point at which
the Gaussian would be negligible, to the height expected for
single large-angle Rutherford or nuclear scatters.

Other quantities are sometimes used to describe the amount of
multiple Coulomb scattering: the auxiliary quantities
~ lane~ yplaneI and s 1 ne (see the figure) obey:

rms
plane

1 rms
plane

p, f3, and Zinc are the momentum (in MeV/c), velocity, and
charge number of the incident. particle, and L/LR is the thick-
ness, in radiation lengths, of the scattering medium. LR for
certain materials is given in the Table of Atomic ar'd Nuclear
Properties of Materials. The 1/e angle, BQ, is a fit to
Moliere 4 theory accurate to about 5+ for 10 & L/LR & 10
except for very light: elements 'or low velocity where the error
is about 10 to 20%. In this Gaussian approximation, 80 has
the meaning
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Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon
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Mean range and energy loss due to ionization for the indicated particles in Pb, with scaling to Cu, Al, and
C indicated, using Bethe- Bloch equation (Section C.l above) with corrections. Calculated using program of
Hans )3ichsel (UCRL-17538), with density correction added (Hans Bichsel, private communication). See also
Joseph F. Sanni [Air Force Weapons Laboratory Technical Report No. AFWL-TR-65 —f 50 (i 966)] . The average
ionization potentials (I) assumed were: Pb (820 eV), Cu (320 eV), Al (f66 eV), and C(77.5 eV). Figure indicates
total path length; observed range may be smaller (by i /0 — 2/o in heavy elements) due to multiple scattering,
primarily from small energy-loss collisions with nuclei. The functional forms have not been experimentally
verified to better than roughly + i /0. For higher. energies refer to discussion by Cobb ["A Study of Some Electro-
rnagnetic Interactions of High Velocity Particles wi th Matter, 'i University of Oxford Report HEP/ T/55 (i 973)]
and by Turner ["Penetration of Charged Particles in Matter: A Syrnposiurn", National Academy of Sciences,
Washington D. C. (1 i)70), p. 48]. Scaling to other beam particles is, to a good approximation, described by the
expression on the next page.
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Mean Range and Energy Loss in Liquid Hydrogen
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Range and energy loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation (Section C. l above),
using an average ionizat. ion potential for H2 of I = 20.0 eV, which is an approximate average of the experi-
mental result of Garbincius and Hyman [Phys. Rev. A2, 1834 (1970)] and the theoretical result of Ford and
Browne [Phys. Rev. A7, 418 (1973)]. Bubble chamber conditions are chosen to be those of Garbincius and
Hyman: parahydrogen of density = 0.0625 g/cm (note: range ~ 1/density), with vapor-pressure 60.8 lb/in3 2

(absolute) and temperature 26. 2 K. The functional dependence of the Bethe-Bloch equation is not experi-
mentally verified to better than about +1-o over large momentum ranges. It should be noted that the number
of bubbles per cm of a track in a bubble chamber is nearly proportional to 1/8 , not dE/dx. For the linear
portions of the range curves, R ~ p . Scaling law for particles of other mass or charge (except electrons):
for a given medium, the range Rb of any beam particle with mass Mb, charge zb, and momentum pb is given in
terms of the range R of any other particle with mass M , charge z , and momentum p = pbM /Mb (i.e. ,
having the same -velocity) by the expression:

b b' b' b

M /M

2 2z /zb a-
R (M, z, p = pbM /M )
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IVlean Electron Range in Lead, Copper, Carbon, and Liquid Hydrogen
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Mean range of electrons in the
continuous-slowing-down approx-
imation, taking into account
energy loss by collisions with
atomic electrons and by brems-
strahlung; strong fluctuations
are to be expected for indi-
vidual tracks. This range is
the total path length; the
"practical range" — a common
measure of straight-line pene-
tration distance —is shorter
because of multiple Coulomb
scattering, which becomes in-
creasingly important, as the
electron slows down. E.g. ,
for a fast electron the rms
projected. angle due to multi-
ple Coulomb scattering reaches
1 radian by the time the elec-
tron has slowed to 0.4 MeV in
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hydrogen, 1.5 MeV in carbon,
9 MeV in copper, and 24 MeV
(off scale) in lead. Electron
energy deposition and penetra-
tion probability vs. range are
discussed by L. V. Spencer, Ti

/ t~

"Energy Dissipation by Fast
Electrons, " NBS Monograph gl,
1959, and S. M. Seltzer, Io10

O.OI O. I

T (MeV}

"Transmission of Electrons
Ithrough Foils, " NBSIR 74, 457

(1974). Electrons which have
energy less than 0.2 MeV in Ar,
1.5 MeV in Cu, 3.5 MeV in Sn, and 5 MeV in Pb are likely to deposit 10% of their energy behind their starting plane.
The practical range, R , is defined as that absorber thickness obtained by extrapolating to zero the linearly decreasing
part of the curve of penetration probability vs. absorber thickness. Data for Al in the T range of the figure are available,
and fit (to -+10-o) R = AT[1-B/(1+CT)j mg cm [a form suggested by K. -H. Neber, Nucl. Inst. Meth. 25, 261 (1964)],
with A=0. 55 mg cm keV 1, B = 0.9841, and C = 0.0030 keV ~. At this penetration depth, 90 —95-o of the incident electrons
have stopped. Data for other elements are sketchy, but suggest. that higher-Z (&50) elements have 1 & Rp/Rp(Al) & 1.4 below
-10 keV, and 0. 6 & R /R (Rl) & 1 above -100 keV. The "critical energy (abov"e which the energy loss due to bremsstrahlung
exceeds that due to ionization', and showering becomes important) is 400 MeV for hydrogen, 100 MeV for carbon, 25 MeV for
copper, and 10 MeV for lead. The mean positron range may differ from the mean electron range by several percent. See Berger
and Seltzer, NASA SP-3012 (1964) and SP-3036, and P. Trower, UCRL-2426, Vol. III, Rev. (1966). 1 —10 keV range was
obtained by linear extrapolation; in this region the true range may actually lie above the curves

Fractional Energy Loss for e+ and e in Lead Contributions to Photon Cross Section in Lead
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Fractional energy loss per radiation length in lead as
a function of electron or positron energy. Electr on
(positron) scattering is considered as ionization when
the energy loss per collision is below 0.255 MeV, and
a.s Moiler (Bhabha) scattering when it is above.

Photon cross section in lead in inverse radiation
lengths a, s a function of photon energy. The intensity
of photons can be expres sed as I = IOexp(-0 x), where
0 is read above and x is the path length in radiation
lengths. See also figure following.

se figures are adapted from Fig. 3.2 and Fig. 3.3 from Messel and Crawford, Electron-Photon Shower Distri-
bution Function Tables for Lead, Copper and Air Absorbers, Pergamon Press, 'f970. Messel and Crawford use
I „(P'b)= 5.82 g/cm4, but we have modified the figures to reflect the value given in the Table of Atomic and
Nuclear Properties of Materials (following), namely Lr(Pb) = 6.4 g/cm2. The development of electron-
photon cascades is approximately independent of absorber when the results are expressed in terms of inverse
radiation lengths (i. e. , scales on left of plots).
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)

Photon Mass Attenuation Coefficients, Energy Deposition

to to-I IO Io
h, J/lt

IO2 L. 1K
4%(

I ~tf ri I I !I I

Total mass atte
multiplied by fra
primary photon

Total mass atten. coefficient

n. coefficient =™Io
ction of
energy loss

—
I

— to-I

to-I

lo

to-I

Io to-I Io

PHOTON ENERGY (MeV)
XSL 745-2662

The photon mass attenuation coefficient for various absorbers as a function of photon energy (solid curves).
For a homogeneous medium of density p, the intensity I remaining after traversal of thickness t is given
by I = I exp(-pt). The accuracy is a few percent. Interpolation to other Z should be done in the cross0section a = (p/p) Ivt/N& cm /atom, where N is the atomic weight of the absorber material and N& is Avogadro's
number. For a chemical compound or mixture, use (p/p)eff Z wi(p/p)i, accurate t o a few percent, where wi
is the proportion by weight of the ith constituent. The dashed curve is the mass energy-
absorption coefficient, giving p/p multiplied by the fraction of photon energy deposited in a small volume
(assumed large enough to contain the ranges of most secondary electrons) about the interaction. This
fraction is smaller than 1.0 because such processes as Compton scattering and electron bremsstrahlung imply
radiation of some of the energy away from the immediate area. From J. H. Hubbell, NSHDS-IKS 29(1969).
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PARTICLE DETECTORS, ABSORBERS, AND RANGES {Cont'd}

Atomic and Nuclear Properties of Materials"
Material Z Nuclear collision

length L ll
b

[cm]

Nuclear
cross

section e
[barns] [g/cm ]

Absorption
length h

[cm]

dE/dx min

MeV MeV
g/cm2 cm.

Radiation length
d

rad

[g/cm2-] [cm]

Densit~
[g/cm ]

() is for gas
[g/&]

Refractive
index n;

() is (n-t)st0
for gas

H2

D2

He

Li
Be

3 6.94
9.Oi

0.215
0.270

1 1.01 0.039
1 2. 0 1 0.074
2 4. 00 0. 134

43. 0

45. 1

49. 6

53.6
55. 4

607
273
397

790

100.4 120.6
30.0 36.7

4. 12

2. 07

f.94

1.65
1.61

0.881
2. 97

82. 76
65. 19

0.292 63.05
0. 342 }26.1-

0.243 94. 32

890
764

755

155
35. 3

0.0708
(0.o9o)
0. 163
0. }25
(O. 178)
O. 534
1.848

i. 1}2
(140)
i. 128

Ij 1.024
j. (35)

N2

Ne

7 14.01 O. 390 59.7 73.8 99.4 }.82 1.47 37.99 47. 0

10 20. 18 0.520
13 26. 98 0.650
18 39.95 0.890

64. 4

68.9
74. 5

53.7

25. 5

53.2

74. 9 1.73
37.2

80. 9

1.62
1.5}

2. 08
4. 37

2. }1

28. 94

24. 0 1

19.55

24. 0

8.9

14.0

-340 58.7 ~37.8 49-9 1.78 2.76 42. 70 ~27. 5
0.

55f
BOB ) 1.2O5
. 25) i (3oo)
207 f.092
. 9O) (67)
70
4O j 1.233
. 78) l {283)

Fe
Cu
Sn
N

Pb

26 55.85
29 63.54
50 118.69
74 183.85
82 207. 19

i. 160
1.270
2. 040
2.8}0
3.080

79.9
83. 1
96.6

108.6
111.7

10.2
9.3

13.2
5.6
9.8

17. 1
14.8
22. 8
10.3
18.5

1.48
1.44
1 .28
i. 17
1.13

11.6
12.9
9.4

22. 6
12.8

13.84
12.86
8.82
6.76
6. 37

1.76
1.43
1.21
0.35
O. 56

7.87
8. 96
7. 31

19.3
1 1 . 35

12.0
Air 6O. 2 5OOOOg 675OOg

H20
H2 {bubble chamber 26 K)
D2 (bubble chamber 3 f ~K)

58. 3
43.0
45. 1

58. 3
-683
~322

78.8
887
403

92 238. 03. 3.380 116.9 1 .09 ~20. 7 6.00 0. 32

1 .82

2.03
4. 12
2.07

0.0022g 36.20 30050g

36. }
1000
900

2. 03 36.08
0.26 63.05
0.29 126. 1

}8.95

~

~0.00}205 j 1 .000 73
(1.29) l (293)
1 .00 1.33

~0. 063 1.}12
~0. 140 1.110

H-Ne mi xture (50 mole

Propane (C3H8)j

Freon 1 3B1 (CF3Br)

I lford emulsion
Nar

percent) 62. 9
55. 0

74. 3

88. 1
91.9

154.5

49. 5

23. f
25. 0

215

73.5

36.7
41.3

1 .84

2. 28
O. 75

g. 98

i.44
1.32

5.49
4. 84

1.52 2. 3

29.70
45. 38

16.53
11.02
9.49

73.0

2. 94
2. 59

0. 407
o. 41j
(2. o),

l
~}.50j
(8.71)
3.815
3.67

1 .09/

(ioo5)
(j i.238"
(. {750)

1.775

LiF
Polyethylene (CH )
Mylar (C 5H 402)
Polystyrene, scintillator (CH)
Lucite, Plexiglas (C5H 802)

6}.1
55. 7
58. 5
57. 0
57. '7

23. 1
~59.6

42. 1
55. 2
48. 9

30.7
78. 4
56. 1
68. 5
65.0

1.69
2. 09
1.91
1.97
1.97

2.
2.

%2.

95
65
03
32

39.25
44. 78
39.95
43.8
40. 55

f4. 9
~48

28. 7
42. 9

~34. 5

2.64
0. 92-0. 95

1.39
f . 032

1 . 16-1.20

}.394

Spark or proportional chamber
Shielding concrete
CO "
Freon 12 (CC&2F2)

2 n

Freon 1 3 (CCXF3)
Si lica Aerogel

0.030%
65. 5 26. 2
60. 4 33800
68. 1 13800
66.0 15000
62. 3 3}i

0.022%
36.8

46000
20200
21400

430

1.70
1.82
1.64.
f.70
1 . 82

0.034
4. 25
0.0033
0.0081
0. 0072
0. 36

0.067%
26. 7 10.7
36.2 20210
23. 7 4810
27. 15 6380
30 ~f50

O. 019
2. 5
(1.»)"
(4-93)"
(4 26)n

O. f-O. 3

(4}O)n
(}OBO)n

(72O)n
1.0+0. 25p

+) Table revised April 1980 by J. Engler and F. Monnig. For details, see CERN NP Internal Report 74-}.
a) v of neutrons ( e of protons) at 20 GeV from Landolt-Bornstein, New Series I, Vol. 5. Energy dependence for all nuclei ~ 1/2

percent/GeV (from 5-25 GeY).
b) Lcoll = A/(N. a). In the absorption length the elastic scattering is subtracted.
c) For a minimum-ionizing, singly-charged particle in the material. From N. H. Barkas and M.J. Berger, Tables of Energy Losses and Ranges

of Heavy Charged Particles, NASA-SP-3013 (1964).
d) From Y.S. Tsai, Rev. Mod. Phys. 46, 815 (1974).
e) Values for solids, or the liquid phase at boiling point, except where noted. Values in parentheses for gaseous phase STP (0 C, 1 atm. ),

except ~here noted.
f) Density variable.
g) Gas at 20 C.
h) Density may vary about +3%, depending on operating conditions.
i) Values for typical working condition with H2 target: 50 mole percent, 29 K, 7 atm.
j) Values for typical chamber working conditions: Propane 57 C, 8-10 atm. Freon 13B} .28 C, 8-10 atm.
k) Typical scintillator; e.g. PILOT B and NE }02A have an atomic ratio H/C = 1.10.
&) Values for typical construction: 2 layers 50 yam Cu/Be wires, 8 mm gap, 60% argon, 40% isobutane or CO2, 2 layers 50~m Mylar/Aclar

foils.
m) Standard shielding blocks typical composition 02 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, Al 4% plus reinforcing iron bars. Attenuation

length I = 115 a-5 g/cm, also valid for earth (typical p ~ 2.15) from CFRN-LRL-RHEL Shielding exp. UCRL 17841 (1968).
n) Used in Cerenkov counters, value at 26 C and 1 atm. Indices of refraction from E.R. Hayes, R.A. Schluter, and A. Tamosaitis, ANL-6916

(1964).
o) n(Sio&) + 2n(H&O) used in Cerenkov counters, p = density in g/cm . From M. Cantin et al. , Nucl. Instr. Meth. iie, 177 (1974).
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ELECTROMAGNETIC RELATIONS

Maxwell's Equations -8
P = resistivity in 10 Am:

Quantity

Potentials:

CGS (statcoul. ,
statamp. , sec cm )

charges

MKSA

( coul . , amp. , ohm)

p charges

1.7 for Cu
2. 4 for Au

-2.8 for Al
(Al alloys may have up
to double this value. )

effective skin depth

5.5 for W

73 for SS 304
-100 for Nichrome

1 I
A

currents

c = speed of light
in vacuum

~c I
4+ currents

1 -9
Ep = 10 MKSA

367r

/ p 6.6 cm for Cu
Tr'vp gu{sec 1)

4. Impedance of free space: Z = g p c/E c
= 376.7 G.

Fields: 1 BA
E = -VV ———

Bt

B = 7xA

-7
47r 10 MKSA

p

BA
E = -7V Bt

-+
B = '7xA

Fw
C

d r
dL = }3
w

Capacitance C and Inductance L per Unit Length (MKSA')

1. For flat plates of width w, separated by d « w:

Materials: D = EE, B = pH D = EE, B=PH
2. For coax cable of interior

2'ir F
Rn (r2/rl)

and exterior radii r and r

L = —kn(r /r )
27r

Force:

Maxwell:

F = q E + —x B

-+
7 ~ D = 4mp

1 BB'7xE = ———
Bt

'7 ~ B=O

4TI j 1 BD'7xH = +c c 3t

F = q(E+v xB)

'7 ~ D=p

BB'7xE
Bt

'7 ~ B=o
+ + -& BD'7x'H = j + 3t

2 to 6 for plas ties;c = dielectric constant
4 to 8 for porcelain, glasses;

magnetic susceptibility.

Transmission Lines (No Loss) (MKSA)

Velocity = 1/V LC = 1/~lJE
Impe dan ce = KL/C

L and C are inductance and capacitance per uni t length.

Relativistic
transforma-
tions:

El = "(E + —vxBc y(E1 + vxB)

Synchrotron Radiation (CGS)

47r
Energy loss/revolution

3
AE (MeV)For electrons (g —1), rev.

e 3 48 "( , p = orbit radius
p

40. 0885 [8 (Gey) ] / P (meter )

Bl = "( Bl — —vxE Bj "( Bl — —vxE
Critical frequency: (d = 3g 3 c

c p

Frequency spectrum {for g » 1):
2 ~p 1/3

I (e) — 3.3— CO « 03c

I (4)) —= (1.0, 1.6, 1.6, 0.5, 0- 08) c
(dat —= 0.01, 0.1, 0.2, 1.0, 2. 0, respectively;

Impedances: Alternating Currents (MKSA)

i(0tOhm's law: V = ZI V = V eI 0

—e2yI (u)) = Q 37r —— ec Mc
4) + 24) ~

1. Impedance of self-inductance L: Z = igL

12. Impedance of a capacitor of capacitance C: Z
iMC

3. Impedance of a flat conductor of width w at high frequency:
I

(1+ i) p
Z

The radiation is confined to angles + 1/P relative to
the instantaneous direction of motion.

See J. D. Jackson, Classical Electrodynamics, 2nd edition
( John Wiley & Sons, New York, 1975) for more formulae and details
(Prepared April 1974; revised April 1980. )

RADIOACTIVITY AND RADIATION PROTECTION

Unit of a, ctivity = Curie:
Ci- = 3.7X 40~0 disintegrations/sec

Unit of exposure dose f'or w and y radiation = Roentgen:
i R = 4 esu/cm = 87.8 erg/g (5.49X &0 Me&/g) Qf air

Unit of absorbed dose = ra.d:
rad = 100 erg/g (6.25X l0 MeV/g) in any material

Unit of do s e equivalent (for protection) = rem:
rerns (Roentgen equivalents for man) = rads X QF,

where QF (quality factor) depends upon the type of radiation
and other factors. For y rays and HE protons, QF = 1; for
thermal n'eutrons, QF = 3; for fast neutrons, QF ranges up
to 10; and for u particles and heavy ions, QF ranges up to 20.

Maximum permissible occupational dose for the whole body..
5 rem/yea. r (maximum 3 rem/calendar quarter)

Fluxes (per crn2) to liberate 4 rad in carbon:
3 ~ 5 X 10 rninirnurn ionizing singly charged particles

~.0 X ~09 photons of 1 MeV ener gy
(These

flushes

are correct to within a factor of 2 for all
ma. terials. )
Natural background: 120 to 430 millirem/year

co srnic radiation (char ged particles + neutrons) 25
cosmic radiation (y rays) -25
radiation from rocks and air (y rays) 73

pCosmic ray background in counters: - 4/min/crn2/ster
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ENERGY AND MOMENTUM VS. BEAM MOMENTUMC.M.

m v' dP =m dP
p beam beam p beamdE = rn d.Tcrn crn p beam

ENERGY--- ——
V)

-MOMENTUM IN C M. —

(GEV/C)
—————C ~ M ~

(GE
PBE

(GEV
AM

/C)
PBEAM

(CEV/C)
M. ENERGY ———--
(GEV)

-MOMENPBEAM
(GF. V/C)

——--—CD MD ENERGY —————
(GEV)

TUM IN C

(GEV/C)

Yp, &p
=ep

Yp. &p
ep

YP ~ &P
=ep KpTT pKp ppKpKp 'tT p pppp

5. 829 5.886
5. 909 5. 965
5.98.8 6. 043
6.066 6. 120
6. 142 6. 196

17 ~ 5
18 ~ 0
18 ~ 5
19 ~ 0
19.5

5 ' 807
5.887
5 ' 966
6 ' 044
6. 122

5. 809
5.889
5. 968
6.046
6. 123

1. 7

1.7
1. 7
1. 7

1.7

2 ~ 025
2. 034
2. 043
2.053
2. 062

2. 018
2. 027
2. 036
2. 045
2. 054

.791.796.802.807.813

2. 109
2. 117
2. 126
2. 134
2. 143

2. 325
2. 332
2. 339
2. 346
2. 353

.000

.013

.026
~ 039
.052

.000

.010
~ 020
.030
.040

. 938

.958

. 977

.996
1.015

.078

.079

.083

.089

.096

.000

. 020
~ 038
.056
~ 074

I . 432
I .432
1.433
I .434
I .436

1.877
1.877
1.877
1.878
1.878

000
017
035
052
068

0.00
0.02
0.04
0.06
0.08

~ 788 . 756
. 793 .762
~ 799 .768
.805 . 774
.810 . 780

.686

.692.698
~ 704
. 710

.785
~ 791
. 796.802
.808

.818.824

.829.835

.840

2. 064
2. 073
2. 082

6. 199 6. 218
6-349 6. 367
6.495 6. 513
6 ' 638 6.655
6. 778 6. 795

. 716

. 721.727
-733
~ 739

6. 198
6. 347
6.493
6 ~ 636
6. 776

2. 151
2. 159
2. 168
2. 176
2. 184

2. 360
2 ~ 367
2. 374
2. 381
2. 388

.816

.821

.827

.832

. 837

20
21
22
23
24

6. 272
6.419
6. 564
6. 705
6.843

2. 071
2. 080
2. 089
2. 098
2-107

1.8
1.8
I ~ 8
1.8
1.8

105
I 16
127
139
152

.065
~ 078
. 091
. 104
. 116

I .439I.441
1.445I.448
1.453

1.879
1.880
1.882
1.883
1.885

.091

. 107

. 123. 138
~ 153

.050

.060.070.080

.090

085
101
117
132
147

0. 10
0. 12
0. 14
0. 16
0. 18

1.033
1.051
1.069
1.087
1.104

6 2. 091
8 2. 100

6.932 6. 979
7. 066 7. 112
7. 197 7. 243
7. 326 7. 371
7. 453 7.497

2. 395
2. 402
2 ~ 409
2. 416
2. 423

. 845
~ 851
.856.861
.867

~ 843 .813
. 848 .819
.853 .824
. 859 .829
. 864 .835

25
26
27
28
29

2. 115
2. 124
2. 133
2. 142
2. 151

2. 109
2. 117
2. 126
2. 135
2 ~ 144

2. 193
2. 201
2. 209
2. 2L7
2. 226

. 167

. 182

. 195

. 209

. 222

6.915
7 ' 049
7. 181
7. 311
7. 438

0. 20
0. 22
0. 24
0. 26
0. 28

. 165

. 178

. 192

. 206

. 219

I.457
I .462
1.468I.473
I .480

1.887
1.889
1.892
1.894
1.897

161
175
189
202
215

.099

. 109
~ 119
. 129
. 138

. 129

. 141
~ 153
. 166
. 178

1.121
1.137
1.154
1.170
1.186

1.9
1.9
1.9
I ~ 9
1.9

. 744

. 750

.756

. 761

.767

6.913
7.048
7 ~ 180
7- 309
7 ~ 436

~ 872
.897
.922
.947
.970

-869
.895
.920.944
.968

.840

. 866

. 892

.917

.941

7. 562
7. 685
7 ~ 806
7 ' 925
8 ' 043

7. 563
7. 686
7-807.
7-926
8.044

30
31
32
33
34

7. 578
7. 701
7. 822
7.941
8. 058

7. 621
7. 743
7. 864
7. 982
8. 099

2. 430
2. 465
2. 500
2. 534
2. 568

1.486
1.493
1.500
1.507
1.514

. 148

. 158

. 167

. 177

. 186

228
241
253
265
277

189
201
213
224
235

2. 159
2. 202
2. 244
2. 286
2 ~ 326

2. 234
2. 274
2. 314
2. 353
2. 392

2. 153
2. 196
2. 238
2. 280
2. 320

.233

. 247

.261

. 275

. 288

1.900
1.903
L. 906
1.910
1.913

.234

. 247

. 259

. 271

. 282

0. 30
0 ' 32
0. 34
0. 36
0. 38

1.201
1.217
1.232
1.247
1.262

2 ~

2 ~

2 ~

2 ~

2 ~

- 772
-799.826.852.877

35
36
37
38
39

~ 965
~ 989
1.01
I ~ 03
I .06

.901

.926
~ 949.972
.995

8 ' 158 8 ' 160 8. 174
8. 273 8. 274 8. 288
8 ' 385 8. 386 8 ' 400
8 ' 496 8.498 8 ' 511
8. 606 8. 607 8. 621

8. 2 14
8. 327
8.439
8 ~ 549
8. 658

2. 602
2-636
2. 669
2. 702
2. 735

~ 994
1.02
I .04I.06
1.08

.991
1.01
1.04
1.06
1.08

1.522
1.530
I .538I.546
1.554

288
300
311
322
332

.196

.205

.214. 224

.233

2. 360
2. 400
2 ~ 439
2. 477
2. 514

~ 294
.305.316
~ 327
-337

247
258
268
279
290

2 ~

2.
2.
2-
2 ~

. 302

. 315
~ 329. 342
. 356

1.917
1.921
1.925
1.929
1.934

0. 40
0. 42
0. 44
0. 46
0 ' 48

1.277I.292
L. 306
1.320
L. 335

2. 366 2. 430
2. 405 2. 468
2. 444 2. 505
2. 482 2. 542
2. 520 2. 578

8. 716 8. 729
8. 823 8. 836
8. 928 8.941
9.033 9.046
9. 136 9. 149

8 ' 715
8.822
8. 927
9 ' 032
9. 135

40
41
42
43
44

2. 613 2. 768
2. 649 2. 800
2. 683 2. 832
2. 718 2. 863
2. 752 2. 895

I. lo 1.08
1.12 1.10
1.14 1.12
L. 16 1.14
1.18 1.16

I .02
I ~ 04
1.06
1.08
1.10

2. 556
2 ' 593
2. 629
2. 664
2. 699

.348

.358

.368.378

.388

1.10
1.12
1-14
I . 16l. 18

1.938
1.943
1.947
1.952
1.957

2. 551
2. 588
2. 624
2. 660
2. 695

. 242

.251

.260.269

.278

300
310
321
331
341

. 369 1.563

. 382 1.571
~ 395 1.580
. 408 1.589
.421 1.598

I.349
1.362
1.376
1.390
1.403

0. 50
0. 52
0. 54
0. 56
0. 58

3-
3-
3.
3 ~

3-

343
353
363
373
383

8. 766
8-872
8 ~ 978
9.081
9. L84

2 ' 926
2. 957
2. 987
3.018
3.048

2. 729
2. 763
2 ~ 797
2. 830
2 ~ 863

3, 5

F 6
3 ' 7

3 ' 8
3.9

9 ~ 237
9.338
9.438
9.537
9 ~ 635

9 ~ 238 9. 251 9. 286
9 ' 339 9 ' 352 9 ' 386
9.439 9.451 9.486
9 ' 538 9.550 9.584
9.6.36 9.648 9.681

45
46
47
48
49

1.20 1.18 I ~ 12
1.22 1.20 1.14
1.24 1.22 1.16
1.26 1.24 I ~ 18
1.28 1.26 1.20

1.20
1.22
1.24
1.26
1.28

-397
~ 407.416.425

4 34

1.607 1.962
1.616 I.968
1.625 1.973
1.634 1.978
1.643 1.984

350
360
370
379
388

. 287

.296

. 304.313
-322

393
402
412
421
430

2. 734
2. 768
2. 801
2. 835
2-868

I.416
1.430
1.443
1. .456
I.468

.434

.447

.459.472

.484

0.60
O. 62
O. 64
O. 66
O. 68

2. 785
2. 818
2. 851
2. 884
2. 916

9. 778
9.968
10. 15
10.34
10.52

9. 733
9-924
I(). 11
10.30
10.48

1.22
1.24
1.26
1.27
1.29

9. 732
9 ~ 923
10. 11
10.29
10.47

50
52
54
56
58

9. 745
9 ' 935
10. 12
10.31
10.49

2. 900
2. 932
2. 964
2. 996
3.027

I .30l. 31
I ~ 33
I .35
1.37

1.29
1.31
1.33
'1. 35
1.36

2. 947
2. 979
3.010
3.041
3.071

3.077
3. 107
3. 136
3. 165
3. 194

1.27
1.29
1.31
1.33
1.34

2. 896
2. 928
2. 960
2. 992
3.023

1.653 I ~ 989
1.662 1.995
1.671 2. 001
1.681 2. 007
1.690 2. 013

~ 443.452
.461.470
.478

439 . 397
448 .406
457 ~ 415

4.
4 ~

4.
4 ~

4

1.481
1.494
1.506
1.519
1.531

.496.509

.521.533.545

.330
~ 339
-347.355
.364

0 ~ 70
0. 72
0 ' 74
0. 76
0. 78

.424

.433
465
474

10.65 10.65 10.66 10.69
10.83 10.83 10.84 10.87
11.00 11.00 11.01 11.'04
11.17 11.17 11.18 LI. ZI
11.34 11.34 11.35 11.37

1.36
1.38
I ~ 40
1.41
I ~ 43

4 ~

4-
4.
4
4,

3.058 3. 101
3.088 3 ' 131
3 ' 118 3. 161
3. 148 3. 190
3. 178 3. 220

.372

.380.388.396
-404

60
62
64
66
68

.486

.495

.503

.511

.519

.442
~ 450
.459.467
.475

.557.569.580.592

.604

1.699 2. 019
1.709 2. 025
1.718 2. 031
1.728 2. 037
1.737 2. 043

0. 80
0. 82
0.84
0. 86
0. 88

1.543
1.555
1.567
1.579
1.591

482
490
499
507
515

3.054
3 ~ 084
3. 115
3. 144
3. 174

1.38 1.38
1.40 1.40
1.4Z 1.41I.43 1.43
1.45 1.45

3-223
3-251
3 ' 279
3. 307
3.335

1.31
1.33
1.34
1.36
1.38

I ~ 46
1.50
1.53
1.56I.59

1.40
1-43
1.46
1.49l. 52

1.46
I ~ 49
1.53
1.56
1.59

1.44
1.48
1.51
I ~ 54l. 57

11.50 11.50 11.51
ll ~ 66 11.66 11.67
11.82 11.82 11.83
11.98 11.98 11.99
12. 13 12. 14 12. 14

70
72
74
76
78

3.207 3. 248 3.363
3.265 3. 305 3.417
3.322 3. 362 3.47L
3.378 3.417 3.524
3.433 3.471 3.576

11.54
11 ' 70
11.86
12.02
12. 17

523
531
538
546
554

5.
5.
5.
5 ~

5.

2. 050
2. 056
2. 062
2. 069
2. 075

484
492
500
508
515

1.747
1.756
1.765
1.775
1.784

. 527

. 535

.542

. 550

. 558

.412

.420

.428.435
, 443

.615

.627

.638.649

.661

0. 90
0.92
0-94
0. 96
0.98

1.603
1.615
1.626
1.638
1.649

3. 204
3.262
3-319
3.375
3.430

I .55
I ~ 58
1.61
1.64
1.67

3.627
3.678
3 ~ 728
3.778
3.827

1.60
1.63
L. 65
1.68
1.71

1.61
1.64
1.67
1.70
1 ~ 73

80
82
84
86
88

12.29
12.44
12.59
12.74
12.89

3.487
3.541
3.593
3.645
3.696

3.524
3.577
3.629
3.680
3. 731

12. 29
12-44
12. 59
12. 74
12.88

12.30 12. 32
12.45 12.48
12.60 12.63
12.75 12. 77
12.89 12.92

6.
6.
6.
6.
6.

3.484
3.538
3 ~ 590
3.642
3.693

.451

.458.466.473

.481

561
569
576
583
591

. 565

. 573

.5so

. 587

.594

2.082
2.088
2. 095
2. 102
2. 108

523
531
538
546
553

I. .660I.672
1.683
1.694
1.705

1.00
1.02
I .04
1.06
1.08

. 672

.683

.694.705

. 716

1.794
1.803
1.812
1.822
1.831

L. 62
1-64
1.67
1.70
1.73

3.8 75
3.923
3.970
4. 016
4. 062

l. 75
1.78
1.81
1.83
I .86

13.03
13.17
13.31
13 ' 45
13.59

1.75 1.74
1.78 1.76
1.81 I ~ 79
1.83 1.82
1.86 I ~ 84

13.04 13.06
13.18 13.21
13.32 13.35
13.46 13.49
13.60 13.63

I ~ 70
1.72
1.75
1.78
1.80

.601

.609.616.622.629

.488
~ 495
. 502.510
.517

561
568
575
583
590

598
605
612
619
626

2. 115
2. 122
2. 129
2. 136
2 ' 142

1. 10l. 12
1. 14l. 1. 6
1.18

l. .716
1.727
1.738
1.748
1.759

. 726 I .840

. 737 1.850

. 748 1.859

. 759 I.868

. 769 1.877

3. 744 3. 747 3.781
3.794 3. 797 3.830
3-843 3 ' 846 3.878
3.891 3. 894 3.926
3-939 3 ' 942 3.974

13.03
13.17
13.32
13-46
13.59

90
92
94
96
98

7 ~

7 ~

7-
7 ~

7 ~

I .83
1.85
1.88
1.90
1.93

1.88
1.91
1.93
1.95
1.98

I ~ 87
l. 89
I ~ 92
I ~ 94
1.96

13.73
16.80
19 ~ 40
21.68
23. 75

. 597

.604

.611

.618
~ 624

I .88
1.91
I ~ 93
1.96
I . 98

4. 108
4. 153
4. 198
4. 242
4. 286

13.73
16.80
j. 9 - 4 0
21.68
23. 75

100
150
200
250
300

8 ~

8.
8.
8-
8.

633
639
646
653
660

1.887 2. L49
1.896 2. 156
1.905 2. 163
1.914 2. 170
1.923 2. 177

.524

.531

. 538

.545

. 552

. 780
~ 790
.800
.811
.821

1.20
1.22
1.24
1.26
1.28

1.770
1.780
1.791
1.801
1.812

.636

. 643

. 650

. 656.663

3.987 3.989 4. 021
4 ' 033 4. 036 4. 067
4. 080 4. 082 4. 113
4. 125 4. 128 4. 158
4. 171 4. 173 4. 203

13.74 13.76
16.81 16.83
19.40 19.42
21.69 21. 70
23. 75 23. 76

25. 65 25. 65 25. 65 25. 66
2/. 41 27. 41 27. 42 27. 43
29. 07 29. 07 29 F 08 29. 09
30. 65 30. 65 30. 65 30. 66
'32 ' 14 32. 14 32. 14 32. 15

1.99 1.95
2. 01 1.97
2. 03 2. 00
2. 06 2. 02
2. 08 2. 04

4. 218
4. 262
4. 306
4. 349
4. 392

350
400
450
500
550

2. 00
2. 03
2. 05
2. 07
2 ' 09

F 00
2. 03
2. 05
2. 07
2. 09

4 ~ 329
4. 372
4. 415
4 ~ 457
4. 498

4. 247
4. 291
4. 335
4 ~ 378
4. 420

4. 215
4. 260
4 ' 303
4- 347
4. 390

.631.638

.645.651
~ 658

666
673
679
685
692

1.822
1.832
1.843
1.853
1.863

.831

.841

.851.862

.872

I. 30
1.32
1.34
1.36
1.38

.669

. 676

. 682

. 689

.695

1.932 2. 184
I ~ 941 2. 191
1.950 2. 198
1.959 2. 205
1.968 2. 212

. 559

.565
~ 572
.579
. 585

33.57
34. 94
36. 26
37.53
38. 76

33.57
34. 94
36. 26
37. 53
38. 76

600
650
700
750
800

2. 10 2. 07
2. 16 2 ' 12
2. 21 2. 18
2. 26 2. 23'
2. 31 2. 28

33.57 33.58
34. 94 34. 95
36. 26 36. 27
37. 53 37. 54
38. 76 38. 77

2. 12
2 ' 17
2. 22
2. 28
2. 33

2. 12
2. 17
2. 22
2. 28
2 ' 33

4. 432
4. 537
4- 639
4. 739
4. 837

4. 435
4. 539
4. 642
4. 742
4. 839

4. 462
4. 566
4. 668
4. 767
4. 864

4. 540
4. 641
4. 741
4. 839
4. 934

.664

.671

.677

. 684

.690

. 592

.599

.605

.612

.618

. 701

. 708

. 714

. 720

. 726

10.0
10. 5
11.0
11.5
I 2. 0

.882

.891

.901.91 I

.921

1.977 2 ~ 219
L. 986 2. 226I.995 2. 233
2. 004 2. 240
2. 0L3 2. 247

I.40
I .42
1.44
1.46
1.48

1.873
1.883
I.893
1.903
1.91 3

698
704
711
717
723

39.95 39.95 39 ~ 95 39 ~ 96
41. 11 41. 11 41.11 41.12
42. 23 42. 23 42. 24 42. 24

2. 38
2 ' 43
2. 47
2 ' 52
2. 57

850
900
950

. 624

.631

. 637

.643

. 650

12. 5
13.0
13.5
14.0
14. 5

. 732

. 738

. 744

. 750

. 756

2 ~ 254
2. 261
2 ~ 268
2. 275
2. 282

.931 2. 022

.940 2. 031

.950 2. 039

.959 2. 048

.969 2. 057

4. 933 4. 935 4. 960 5.028
5. 027 5. 030 5. 053 5;120
5. 120 5. 122 5. 145 5. 21. 1

5. 211 5. 213 5. 236 5. 300
5. 300 5. 302 5. 324 5. 388

2. 36
2. 41
2. 46
2 ' 51
2. 56

2. 33
2. 38
2. 43
2. 48
2. 53

2. 38
2. 43
2. 47
2. 52
2. 57

I ~ 92 2
I .932
I .942
1.951
1.961

l. 50
1.52
1. 54
1.56l. 58

729
735
741
747
753

. 696.702

. 709

. 715

. 721 43. 33 43. 34
61 ' 27 61.28
96. 87 96. 87
137.0 137.0
193 ~ 7 193 ~ 7

43. 33
61. 27
96.87
137.0
193.7

1000
2000
5000

10000
20000

43. 33
61.27
96. 87
137.0
193-7

2. 065 2. 289
2. 074 2. 296
2. 083 2. 304
2. 091'2. 311
2. 100 2. 318

. 656

.662

. 668

. 674

.680

15.
15.
16.
16.
17.

. 762

. 768

. 773.779

. 785

. 727
~ 733
. 739. 745
.751

759
765
770
7 76
/82

1.970
1.980
1.989
1-999
2. 008

.978

.988

.997.006

.016

5. 390 5.412 5.'474
5.476 5.498 5. 559
5. 561 5. 582 5 ' 642
5.645 5. 666 5. 725
5. 727 5. 748 5.806

2. 57
2. 62
2. 66
2 ' 70
2. 75

2. 60
2 ' 65
2. 69
2 ' 73
2. 78

2. 61 2. 61
2. 66 2. 66
2. 70 2. 70
2. 74 2. 74
2. 79 2. 79

5. 388
5-474
5. 559
5. 643
5. 726

1.60
1.62
1.64
1.66
1.68 306. 3

433. 2
612. 6
968 ' 6

1370

306. 3
433 ~ 2
612. 6
968.6

1370

50000
100000
200000
500000

1000000

306. 3 306. 3
433. 2 433. 2
612. 6 612. 6
968 6 968 6

1370 1370
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—MOMENTUM IN C

(GEV/C)
M ~—

Yp. &p
=ep T[ p

2. 79
2. 83
2-87
2. 91
2. 95

2. 83 2. 83
2. 87 2. 87
2. 91 2. 91
2. 95 2. 95
2. 99 2. 99

2. 82
2. 86
2. 90
2. 94
2. 98

3.03
3. 10
3. 18
3.25
3 ~ 32

3.03
3. 10
3. 18
3. 25
3 ' 32

3.02
3.09
3. 17
3. 24
3. 31

2. 99
3.0 7

3. 14
3.22
3.29

3 ~ 39
3.46
3. 5 3
3. 59
3 ' 66

3. 39
3.46
3.53
3.59
3 ' 66

3. 38
3.45
3.52
3. 59
3.65

3.36
3.43
3.50
3. 56
3.63

3. 72 3. 72
3. 79 3. 78
3.85 3.85
3. 91 3.91
3.97 3.97

3.69
3.76
3.82
3.88
3.94

3 ~ 71
3. /8
3.84
3.90
3.96

4. 03
F 08
4. 14
4. 20
4. 25

4. 02 4. 02
4. 08 4. 08
4 ' 14 4. 13
4. 20 4. 19
4. 25 4. 24

4. 00
4-06
4. 11
4. 17
4. 23

4. 31
4. 36
4. 41
4. 47
4. 52

4. 28
4. 34
4. 39
4. 44
4. 50

4. 31 4. 30
4. 36 4. 35
4. 41 4. 41
4. 47 4. 46
4. 52 4. 51

4. 57
4. 62
4. 67
4. 72
4. 77

4. 57 4. 56
4. 62 4. 62
4. 67 4. 67
4. 72 4. 72
4. 77 4. 77

4. 55
4. 60
4. 65
4. 70
4 ' 75

4. 81
4 ~ 91
5. 01
5. 10
5. 19

4. 82
4-92
5. 01
5. 10
5. 20

4. 82
4. 92
5.01
5. 10
5. 19

4. 80
4. 89
4 ' 99
5.08
5. 17

5. 28
5. 37
5. 46
5. 54
5. 63

5. 28
5. 37
5. 46
5. 54
5.63

5. 28 5. 26
5. 37 5. 35
5.45 5. 44
5. 54 5. 53
5. 62 5. 61

5. 71
5. 79
5. 87
5. 95
6.03

5. 71
5. 79
5. 87
5 ' 95
6.03

5 ' 71 5 ' 69
5. 79 5. 77
5. 87 5. 85
5. 95 5. 93
6. 03 6. 0L

6. 11
6. 18
6. 26
6. 33
6. 41

6. 11
6. 18
6. 26
6 ~ 33
6. 41

6. i. O 6. 09
6. 18 6. 17
6. 26 6. 24
6. 33 6 ' 32
6. 40 6. 39

6. 48
6. 55
6. 62
6. 69
6. 76

6.48
6. 55
6. 62
6 ' 69
6. 76

6. 48 6.46
6. ss 6. s4
6. 62 6. 61
6. 69 6. 68
6. 76 6. 75

6. 83
8. 38
9- 68
IO. S
11.9

6. 83 6. 83 6. 82
8. 38 8. 37 8. 36
9.67 9.67 9.66
10.8 10.8 10.8
11.9 11.9 11.8

12. 8
13-7
14. 5
15.3
16. 1

12.8 12.8
13.7 13.7

14. 5 14. 5
15. 3 15. 3
16. I 16. I

I 2. 8
13 ~ 7
14. 5
I5. 3
16.0

16.8
17 ~ 5
18. I
18.8
19.4

16.8 16.8
17. 5 17. 5

18. 1 18. i
18.8 18.8
19.4 19.4

16.8
17.4
18. I
18. 7

19.4

20. 0
20. 5
21. 1

20. 0 20. 0 20. 0
20. 5 20. 5 20. 5
21. 1 21. 1 21. 1

21. 7
30. 6
48. 4
68. 5
96 ' 9

21. 7 21. 7 21. 6
30.6 30. 6 30. 6
48. 4 48. 4 48. 4
68. 5 68. 5 68. 5
96 ' 9 96. 9 96. 9

153
217
306
484
685

153
21 7
306
484
685

153
217
306
484
685

153
2L7
306
484
685
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PERIODIC TABLE OF THE ELEMENTS
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CROSS SECTION PLOTS

PHOTON ENERGY-GeV.

IO ~O
f

$ SANTA BARBARA-SLAC

f DESY-HAMBLIRG

I GLASGCM-SHEFFIEI D -DNPL

+LEBEDEV-YEREVAN-SERPUKHQv'

f SLAC- TUFTS-BERKELEY

$ ABBHHM

f SLAC & BERKELEY

$ CORNELL

FNAL

Q2 0.5
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I00 200
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Ec~ (RCION AND NUCLEON)-GBV.

I5 ZQ OI 15 2 6 8 IO

E~~ (PHOTON AND M JCLEON)-GeV.

I 5 20

gp total crass sectian versus phaton energy (tap scale) and
photon-plus-nucleon total center-of-mass energy (lower scale).
References: SANTA BARBARA-SLAC: D.O. Caldwell et al. , Phys.
Rev. D7, 1362 (1973); DESY-HAMBURG:. H. Meyer et. al. , Phys.
Lett. 33B, 189 (1970); GLASGON-SHEFFIELD-DNPLe T.A. Armstrong
et al. , Phys. Rev. D5, 1640 (1972); LEBEDEV-YEREVAN-SERPUKHOV:
A. S.Belousov et al. , Preprint. 19, Moscow (1973), A. S.Belousov
et al. , Sov. Phys. Doklady 19, 123 (1974), and ASS.Belousov
et al. , Sov. J. Nucl. Phys. 21(3), 289 (1975); SLAC-BERKELEY-
TUFTS: J.Ballam et al. , Phys. Rev. D5, 545 (1972); ABBHHM:
H. G.Hilpert et al. , Phys. Lett. 27B, 474 (1968); SLAC and
BERKELEY: J.Ballam et al. , Phys. Rev. Lett. 21, 1544 (1968),
and H. H. Bingham et al. , Phys. Rev. D8, 1277 (1973); CORNELL:
S.Michalowski et al. , Phys. Rev. Lett. 39, 737 (1977); SANTA
BARBARA-TORONTO-FNAL: D. O. Caldwell et al. , Phys. Rev. Lett.
40, 1222 (1978). Courtesy Gething M. Lewis, Glasgow.

pd total cross section versus photon energy (top scale) and
photon-plus-single-nucleon total center-of-mass energy (lower
scale) . References: SANTA BARBARA-SLAC: D.O. Caldwell e t al. ,
Phys. Rev. D7, 1362 (1973); DESY-HAMBURG: H. Meyer e t al. ,
Phys. Lett. 33B, 189 (1970); GLASGON-SHEFFIELD-DNPL:
T.A. Armstrang et al. , Nucl. Phys. B41, 445 (1972); LEBEDEV-
YEREVAN-SERPUKHOV: A. S.Belousov et al. , Sov. J. Nucl. Phys.
21(3), 289 (1975); CORNELL: S.Michalowhki et al. , Phys.
Rev. Lett. 39, 737 (1977). Courtesy Gething M. Lewis, Glasgow.
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IOO 200

OT/E& for the muon neutrino and antineutrino charged-current total cross section as a function of neutrino
energy. The straight lines are averages of all data. (1) B.Barish et al. , Cal Tech preprint CALT 68-734
(1979); (2) B.C.Barish et al. , Phys. Rev. Lett. 39, 1595 {l977); (3) J.G.H. de Groot et al. , Z. Physik C

Particles and Fields 1, 143 (1979); {4) S.Ciampolillo e t al. , Phys. Lett. 84B, 281 (1979); (5) D. C.Colley
et. al. , Z. Physik C — Particles and Fields 2, 187 (1979); (6) S.J.Barish et al. , Phys. Rev. D19, 2521 (1979);
(7) A. E.Asralyan et al. , Phys - Lett. 76B, 239 (1978), and A. E.Muklin, Serpukhov preprint SERP-4-45 (1979) ~

Courtesy D. Theriot, FNAL.
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CROSS SECTION PLOTS (Cont'd)
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An expanded view of R measurements around charm threshold. See the
caption for the figure below for details (we have not combined any data
points in this figure). We have arbitrarily added a horizontal line at
R=4 as an aid to visual comparison of the three sets of data. ~tot ~ P
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Measurements of R = 0 (e+e ~ hadrons)/o'(e e -+ p+p ), where the anni-
hilation proceeds via one photon. The denominator is a calculated
quantity:
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for e+e ~ p p, g& = 1 for energies shown. Radiative corrections and,
where important, corrections for two-photon processes have been made.
The J/'P, Q', and T values are offscale at the positions indicated.
Note the suppressed zero. The ADONE data is for ~&3 hadrons only, and
the points in the III" region are from the MARK I — Lead Glass Wall (LGW)
experiment. For clarity, some of the data points for E m

& 10 GeV have
been combined by us, and some of the points above 10 GeV have been
shifted slightly (&2%) in E . Systematic errors (not included in the
figure) are typically between 10~ and 20~. The horizontal extent of
the plot symbols has no special significance. References: ADONE. "("(2:,
C.Bacci et al. , PL 86B, 234 (1979); DASP: R.Brandelik et al. , PL 76B,
361 (1978); JADE: W. Bartel et al. , PL 88B, 171 (1979); MARK J: D.P.
Barber et al. , MIT Laboratory for Nuclear Science report 0107 (1979),
submitted to Nucl. Phys. B, H. Newman (private communication); MARK I:
J.-E.Augustin et al. , PRL 34, 764 (1975), W. Chinowsky, Ann. Rev. Nucl.
Sci. 27, 393 (1977); MARK I + Lead Glass Wall: P.A. Rapidis et al. ,
PRL 39, 526 (1977), P.A. Rapidis, Thesis, SLAC-Report-220 (1979);
PLUTO: A. Backer, Thesis, Gesamthochschule Siegen, DESY F33-77/03,
C.Gerke, Thesis, Hamburg University (1979), Ch. Berger et al. , PL 81B,
410 (1979), Ch. Berger et al. , PL 86B, 413 (1979); TASSO: R.Brandelik
et al. , DESY 79/74 (1979), submitted to Physics Letters. Courtesy
F.C.Porter, Cal Tech.
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Interpolations of lN total cross sections for I = 3/2 and 1/2, and the corre-
sponding real parts of the forward amplitudes as calculated from dispersion
relations by A. A. Carter and J. R. Carter (RHEL preprint RL-73-024, 1973;
labeled C above), and by G. Hohler and H. P. Jakob (private communication,
1972; labeled H above). The normalization of the curves for each value of
I is such that the sum of their squares divided by 19.6 gives dg/dt at 0 in
mb/(GeV/c) . For visual purposes, these old analyses are fine; for quantita-2

tive purposes, re fer to G. Hohler et al. , Handbook of Pion-Nucleon Scattering,
Physik Daten Series No. 12-1 (1979), Fachinformationzentrum, Karlsruhe, Germany.
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CROSS SECTION PLOTS (Cont'd)
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Name of particle a, s it
appears in table.

Arrow indicates this particle
omitted from table.

Quantity tabulated below.

Code for quantity tabula. ted
(M=rna. s s, W=width, etc. )

Symbols us ed to key together '

data card and related
comments.

Number of events above
ba.ckg r ound.

XX(1800)

/12 16 ~

. .. .. .us):r3.1.ive .key
/XX MESON ( 1200' JPG= —)

ORI GINALLY CALLED X

OMITTED FROM TABLE

/XX(1200) MASS (HEV)/

/MERRILL 66/HBC 0 3 2 K-P

~Particle name, and quantum
nnm'ber s ((f (cnovm).

l Pa rtic le code (for inter na1
use only).

General. comments on
particle.

'Abbreviated reference for
this result; full reference
given below.

Measurement technique
(see abbreviations on
next page. )

Charge(s) of particle
d etc cted.

Measured values (paren-
theses indicate value
not used in average).

+ Error in mea. s ur ed value
( —field bla.nk if e r r o r
symmetric; parentheses
on error only indicate
data. not used in average
due to problems with
error estimation) ~

Average value (and error)
of quantity measured.

Vertical bar indicates
avera. ge; width of hori-
zontal bar on top is error
(scaled) in average.

Reaction producing particle,
or comments.

Date this result punched
(asterisk indicates result
a.dde d or change d s inc e
previous edition).

Scale factor ) i indicates
inc ons is tent data.

Ideogram to display incon-
sistent data; curve is sum
of Ga.ussia, ns, one for
each experiment (a.rea, of
Gaussian = 1/error;
width of Gaussian =
+ error' ).

Value and error for each
exper iment.

—20 20 60 '100 140 =0.179)

'C ont r ibution of experiment
to $2 (if no entry present,
experiment not used in
calculating XZ or sca, le
factor because of large
error).

XX (1200) LIIDTH (MEV)

Partial decay mode
(labeled by Pj).

XX( 1200) PART IAL DECAY MODFS

XX ( 1200) INTO 3P I/
XX( 1. 200) INTO K KBAR

DECAY MASSE
/139+ 139+ 139/
493+ 493

Representative masses of
decay products (used for
calculating last column of
Particle P r ope r ty Table s )

74 XX( 1200) BRANCHING RATIOS

Br anching ratio (labeled
by R)).

/R 1
Rl

Rl
Rl
Rl FIT

e ~ e ~ ~

/0 ~ 675

XX(1200) INTO
~ 66

L ( 68)
L LYNCH DATA H

3P I /TOTA~L
e02 MERRILL

( ~ 03) LYNCH
AS QUEST IONA BL E BACKGROUND

~ ~ ~ ~

0 ~ 01Z/ FROM F IT ( ERROR

(Pl)
66 HBC 0 3 2 K-P
67 HBC +- 2 ~ 7 PI-P

S UBTR ACT I ON

INCLUDES SCALE FACTOR OF l. 3)

7/66
6/67

Value (and error) of quantity
measured, as determined
from constrained. fit (using '

all measured branching
ratios for this particle).

s

) INTO
~ 35
e ~ ~

0 325

) INTO KKBAR/3P I
~ 50 ~ 03
~ 41 e04

FENNER
SM! TH

KKBAR/TOTAL
~ 05 PI ERCE

~ e ~ e

0 ~ 012/ FROM F IT ( ERROR

(P2)
68 ASPK + 2. 1 K-P

INCLUDES SCALE FACTO

/(P2) /(Pl ) /
69 HBC 0 4 ~ 2 P I+P
?0 MMS — 3 ~ 5 P I-P

9/68

9/69
2/79~

'Branching ratio R& in terms
of partial deca. y mode
fractions Pi above.

~ e ~

0 F 468
0 ' 480

e e ~ e

0o043 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 8)
0 026/ FROM F I T ( ERPOR INCLUDES SCALE FACTOR OF 1 3)

References listed by year,
then a.uthor.

Abbreviated reference form
used on data cards above.

Jour nal, r eport, pr e print,
etc. (see abbreviations
on next page).

l

/MERR ILL 667PRL 16 143
LYNCH 67 PR 155 610.
PI ERCE 68 PL 27B 230
F ENNE R 69 NC 61B 372
SMITH 70/PRL 24 14J

REFERENCES FOR XX ( 1200)

A ~ ME RR ILL
B LYNCH

/N. PIERCE/
D ~ FENNERg B BEANE

SMITH

, Author (s )

Q uan turn numb e r d e te rm ina-
tions in this reference(TOR INO+CERN )/I J P/

(BNL)
(LRL) 'Institution(s) of author (s)

( NY S E+A M EX 3 — (see abbreviations on
/( SLAE 3/ next page).
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. .. .. .us1!ra1:ive . key l
cont'd~j

A &'&reviations
Journals Measureaent Techniques

APAH

ADVP
ANP

ARNS
BAPS
CJP
JAP
JKTP
JKTPL
JPA
JPG
JPSJ
LNC
NC

NIM
NP
PL
PN

PPSL
PR
PRAM

PRL
PRSE
PRSL
PTP
RMP
RRP
SJNP
SPU
ZNAT

ZPHY

Acta Phys. Acad. Hungarica
Advances in Physics
Annals of Physics
Annual Review of Nuclear Science
Bulletin of the Amer Phys. Soc.
Canadian Journal of Physics
Journal of Applied Physics
English Transl of Soviet Physics JETP
Letters of Soviet Physics JETP
Journal of Physics A

Journal of Physics G

Journal of the Physi Soc ~ of Japan
Letters to Nuovo Cimento
Nuovo Cimento .
Nuclear Instruments and Methods
Nuclear Physics
Physics Letters
Particles and Nuclei
Proc. of the Physi Soc ~ of London
Physical Review
Pramana
Physical Review Letters
Proc. of the Royal Soc ~ of Edinburgh
Proc. of the Royal Soc. of London
Progress of Theoretical Physics
Reviews of Modern Physics
Revue Romaine de Physique
Soviet Journal of Nuclear Physics
Soviet Physics - Uspekhi
Zeitschrift fur 'Naturforschung
Zeitschrift fur Physik

Conferences

Conferences are referred to by the location in which
they were held (e.g ~ , DUBNA, BOULDER, LUND,

etc'�

)

ASPK
CC
CNTR
DASP
DBC
DLCO
DPWA

ELEC
EMUL

FBC
FRAB
FRAG
FRAM
HBC
HEB C
HLB C

HYBR
IPWA
MMS

MPWA

NEUL
OMEG

OSPK
PBC
PLAS
PLUT
PWA

RVUE
SFM
SMAG

SMK2
SPEC
SPRK
STRC
WIRE
XEBC

Automatic spark chambers
Cloud chamber
Counters
DESY double-arm spectrometer
Deuterium bubble chamber
SLAG-SPEAR DELCO detector
Energy-dependent PWA

Electronic combination
Emulsions
Freon bubble chamber
ADONK BB Group detector
ADONE yy Group detector
ADONK MKA Group detector
Hydrogen bubble chamber
Helium bubble chamber
Heavy liquid bubble chamber
Hybrid: BC + electronics
Energy-independent PWA

Missing mass spectrometer
Model-dependent PWA

Neuland large-angle g spectrometer
CERN OMEGA spectrometer
Optical spark chamber
Propane bubble chamber
Plastic detector
DKSY PLUTO detector
Partial-wave analysis
Review of previous data
CERN split field magnet
SPEAR magnetic detector
SLAG Mark II detector
Spectrometer
Spark chamber
Streamer chamber
Wire chamber
Xenon bubble chamber

Instituti. ons

AACH

AARH

ABO
ADEL
AERE
AICH
ALBA
ALBE
AMST
ANKA

ANL
ARIZ
ATEN
ATHU

AUCK
BARC
BARI
BART
BASL
BEDF
BELG
BELL
BERG
BERL
BERN
BGNA

BING
B IRM
BNL
BOHR
BOIS
BONN

BORD
BOST
BRAN
BRCO
BRIS
BROW

BRUX
BUCH
BUDA
BUFF
CAEN

CAMB

CANB

CARL
CARN

CASE
CATH
CAVE
CCAC
CDEF
CEA
GENG

Techni. sche Univ' Aachen
Aarhus Univ-
Abo. Akademi.
Adelphi Univ ~

Atomic Energy Res ~ Estab'
Aichi Educational Univ'
State Univ. of New York at Albany
Alberta Univ ~, NRC
Un iv ~ of Ams terdam
Middle East Technical Univ ~

Argonne National Lab ~

Univ ~ o f Ar izona
Nuclear Res. Centre Demokritos
Un iv ~ of At hens
Univ- of Auckland
Univ- de Barcelona
Univ. di Bari
Bartol Research Foundation
Basel Univ'
Bedford College
Inst' Interuniv ~ des Scil Nues
Bell Labs'
Univ ~ o f Bergen
Ins t - Ho chenerg iephys . DAW

Univ. Bern
Univ. di Bologna
State Univ ~ of New York at Binghamton
Birmi. ngham Univ ~

Brookhaven National Lab ~

Niels Bohr Inst ~

Boise State Univ ~

Un i'v ~ Bonn
Univ ~ de Bordeaux
Boston Univ ~

Brandeis Univ ~

Univ ~ of British Columbia
H. H. Wills Phys ~ Lab-, U. of Bristol
Brown Univ.
Univ. Libre de Bruxelles
Buchares t State Univ.
Central Research Inst ~ of Physics
State Univ ~ of New York at Buffalo
Lab ~ de Phys ~ Corp use ula ir e
Cambr idge Univ.
Australian National Univ ~

Carleton Univ ~

Carnegie-Mellon Univ ~

Case Western Reserve Univ.
Ca tho lie Univ ~ of America
Cavendish Lab ~, Cambridge Univ ~

Community College of Allegheny County
College de France
Cambridge Electron Accel ~

'
CEN, Grenoble

Aachen, Germany
Aarhus, Denmark
Abo, Finland
Garden City, N. Y. , USA
Harwell,

Berks'�

, England
Toyota, Aichi Pref ~ , Japan
Albany, N. Y. , USA
Edmonton, Canada
Amsterdam, Netherlands
Ankara, Turkey
Argonne,

Ilia�

, USA
Tucson,

Ariz'�

, USA
Athens, Greece
Athens, Greece
Auckland, New Zealand
Barcelona, Spain
Bari, Italy
Swarthmore, Pa ~ , USA
Basel, Switzerland
London, England
Bruxelles, Belgium
Murray Hill, N. J. , USA
Bergen, Norway
Zeuthen/Berlin, DDR

Bern, Switzerland
Bologna, Italy
Binghamton, N Y. , USA
Bi.rmingham, England
Upton, L.i. , N. Y. , USA
Copenhagen, Denmark
Boise, Idaho, USA
Bonn, Germany
Bordeaux, France
Boston, Mass. , USA
Waltham, Mass. , USA
Vancouver, Canada
Bristol, England
Providence, R. I. , USA
Bruxelles, Belgium
Bucharest, Romania
Budapest, Hungary
Buffalo, N. Y ~ , USA
Caen, France
Cambridge, England
Canberra, Australia
Ottawa, Canada
Pittsburgh, Pa. , USA
Cleveland, Ohio, USA
Washington, DE C ~ , USA
Cambridge, England
Pittsburgh, Penn. , USA
Paris, France
Cambridge, Mass ~ , USA
Grenoble, France

CERN
CHIC
C INC
CIT
CNRC
COLO
COLU

CORN
COSU
CRAG

CUNY

CUR I
DARE
DART
DESY
DORT
DUKE
DURH

DUUC

EDIN
EFI
EPOL
ETH
FIRZ
FISK
FLOR
FNAL
FOM

FRAS
FREI
FSU
GENO
GESC
GEVA
GLA S
GRAZ
GREN

GSCO
HAIF
HAMB

HARV
HAWA

HEID
HELS
HIRO
HOUS

IBM
IIT
ILL
ILLC
ILLG
IND
INNS
IOWA

European Org. for Nuclear Research
Univ' of Chicago
Univ' of Cincinnati
Calif. Inst. of Technology
Canadian National Research Council
Univ' of Colorado
Columbia Univ.
Cornell Univ.
Colorado State Univ.
Inst for Nuclear Research
City Univ ~ of New York
Laboratoire Jo liot-Curie
Daresbury Nuclear Physics Lab ~

Dartmouth College
Deutsches Elektronen-Synchrotron
Un iv ~ Do r tmund
Duke Univ
Univ. of Durham
University College
Univ ~ of Edinburgh
Enrico Fermi Inst ~ for Nucl ~ Studies
Ecole Polytechnique
Swiss Federal Ins t ~ of Technology
Univ ~ di Firenze
Fisk Univ.
Univ. of Florida
Fermi National Accelerator Lab.
Found ~ for Fundamental Res. on Matter
Lab ~ Nazionali del C.N. E.N.
Univ ~ o f Freiburg
Florida State Univ.
Univ ~ di Genova
General Electric Res. and Dev. Center
Univ ~ de Geneve
Univ ~ of Glas gow
Univ ~ Graz
Inst ~ des Sci ~ Nuc ~, Univ de Grenoble
Geological Survey of Canada
Technion — Israel Inst. of Technology
Un iv ~ Hamb urg
Harvard Univ ~

Univ ~ of Hawa ii
Univ - He idelberg
Hels ing in Yliopis to
Hiroshima Univ ~

Univ ~ o f Houston
International Business Machines
Illinois Ins t ~ of Tech ~

Univ ~ of Illinois
Univ ~ o f Illinois at Chicago
Inst' Laue-Langevin
Univ' of Indiana
Phys ~ Irist ~, Univ ~ Innsbruck
Univ of Iowa

Geneva, Switzerland
Chicago, Ill. , USA
Cincinnati, Ohio, USA
Pasadena,

Calif'�

, USA
Ottawa, Canada
Boulder, Colo. , USA
New York, N. Y. , USA
Ithaca, N. Y ~ , USA
Fort Collins, Colo. , USA
Cracow, Poland
New York, N- Y , USA
Paris, France
Daresbury, England
Hanover, N. H-, USA
Hamburg, Germany
Dortmund, Germany
Durham, N. C ~ , USA
Durham, England
Dub lin, Ir eland
Edinburgh, Scotland
Chicago,

Ilia�

, USA
Paris, France
Zurich, Switzerland
Firenze, Italy
Nashville, Tenn. , USA
Gainsville, Fla. , USA
Batavia, Ill. , USA
Utrecht, Netherlands
Frascati, Italy
Freiburg, Germany
Tallahassee,

Fiat�

, USA
Genova, Italy
Schenectady, N. Y. , USA
Geneva, Switzerland
Glasgow, Scotland
Graz, Austria
Grenoble, France
Ottawa, Canada
Haifa, Israel
Hamburg, Germany
Cambridge, Mass. , USA
Honolulu, Hawaii, USA
Heidelberg, Germany
Helsinki, Finland
Hiroshima, Japan
Houston, Texas, USA
Palo Alto, Calif-, USA
Chicago, Ill. , USA
Urbana,

Ilia�

, 'USA

Chicago,

Ilia�

, USA
Grenoble, France
Bloomington, Ind-, USA
Innsbruck, Austria
Iowa City, Iowa, USA
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. . usitrative .key ~&cane d&~

A ~ ~reviatians (co~t'd)
Institutions (cont d)

IPN
IPNP
IPPC

'

IRAD
ISU
ITEP
IUPU
JAGL
JHU
JINR
KANS
KARL
KEK
KENT
KEYN
KIAE
KIEV
KINK
KNTY

KONA

KONS
LALO
LANG

LAPP
LASL
LAUS
LBL
LCGT
LEBD
LE ED

LEHI
LEID
LENI
LIBH
LINZ
LIVP
LLL
LO IC
LOQN
LOUC
LOWC

LPNP
LPTP
LRL
LSU
LUND

MADR

MADU

NANH

NAN I
MANZ

NASA
NASB
NCGI
NCHS
NELB
NHC0
MICH
MILA
MINN
MIOH
NIT
MODE

NONP

MONS

MONT

MOSU

NPEI
NPIH
MPIM
MSNA

MSU
MTHO

MULH

NUNC

MURA

NAGO

NAPL
NASA
NDAM

NEAS
NEUC
NEVI
NI JM
NIU
NORD
NOVO-
NPOL
NRL
NMES
NYU

OHIO
OREG
ORNL

ORSA
OSAK
OSKC
OSLO
OSU
OTTA

is

ys.

es
ies

Inst' de Physi Nucleaire
Inst. de Physique Nucleaire
Inst' for Particle Physics of Canada
Inst. du Radium
Iowa State Univ ~

Inst for Teor. and Exp. Phys.
Indiana- U. — Purdue U- at Indianapal
Jagellonian Univ ~

Johns Hapki. ns Univ
Joint Inst. for Nucl ~ Research
Univ ~ o f Kans as
Univ. Karlsruhe
Nat ~ Lab for High Energy

Physi�

, Japan
Kent Univ. at Cantebury, Kent
Open Univ.
Kurchatov Inst. of Atomic Energy
Physical-Technical Inst.
Kinki. Univ ~

Univ. of Kentucky
Konan Univ ~

B . P ~ Kons tant inov Ins t ~ of Nuc 1. Ph
Linear Accelerator Lab, Orsay
Lancas ter Univ.
Lapp Univ ~

U. C. Los Alamos Scientific Lab.
Univ- of Lausanne
U. C. Lawrence Berkeley Lab.
Lab. di Cosmo-Geofisica del CNR

Lebedev Physics Inst.
Univ ~ of Leeds
Lehigh Univ.
Inst- Lorentz
Inst. of Nucl. Phys-, USSR Acad. Sci.
Lab ~ Interuniv. Beige High

Engr'

Linz Inst' fur Physik, Kepler Hoch.
Liverpool Univ'
Lawrence Livermore Lab ~

Imperial Col- of Scil and Tech'
Queen Mary College
Univers ity College
Westf ield College
Lab- de Phys ~ Nucl ~ et Hautes Energi
Lab ~ de Phys Theor ~ et Hautes Energ
U. C . Lawr ence Berkeley Lab ~

Louisiana State Univ.
Univ. I Lund
Jun t a de En erg ia Nuc le ar
Univ. Autonome de Madrid
Manhattan Co13.ege
Univ. o f Manitoba
Univ. Nainz
Univ. of Massachusetts
Univ. of Massachusetts
McGill Univ.
Univ. Manches ter
Univ. of Melbourne
Mount Holyoke College
Univ. o f Michigan
Univ ~ di Milano
Univ. of Ninnesota
Miami Univ ~

Massachusetts Inst. of Technology
Ist ~ di Pisica de13. Univ ~

Univ. de Montpellier
Univ. de 3. Etat, Mons
Univ. de Nontrea3.
Moscow State Univ'
Moscow Physi En' Inst'
Max Planck Inst. fur Phys. -Astrophys.
Nax Planck Inst' fur Phys. -Astrophys.
Ist ~ di Pisica dell Univ'
Michigan State Univ.
Nt ~ Holyoke Co liege
Centre Univ. , du Haut-Rhin
Univ of' Munich
Midwestern Univ Research Assoc'
Nag oya Un iv .
Univ. di Napoli
NASA, Goddard Space Flight Center
Univ. of Notre Dame
Northeastern Univ.
Univ. de Neuchatel
Nevis Lab ~

R. K. Univ - Nig megen
No rt hem Il 1inoi s Univ ~

Nordisk Inst ~ for Teor ~ Atomfys ~

Inst' of Nucl ~ Phys-
Northern Polytechnic
Nagual Research Laboratory
Northwestern Univ.
New York Univ.
Ohio Univ ~

Un i.v. o f Or ego n
Oak Rid ge Na t io na 1 Lab .
Univ. de Paris, Fac. des Scil
Osaka Univ
Osaka City Univ ~

Oslo Univ .
Ohio State Univ-
Univ. af Ot tawa

Orsay, Prance
Paris, France
Montreal, Canada
Paris, France
Ames, Iowa, USA
Moscow, USSR
Indianapolis, Ind. , USA
Cracow, Poland
Baltimore,

Md'�

, USA
Dub na, US SR
Lawr ence, Kansas, USA
Karlsruhe, Germany
Tsukuba-gun, Japan
Cantebury, England
Nilton Keynes, England
Moscow, USSR
Kiev, US SR
Osaka, Japan
Lexington, Ky. , USA
Kobe, Japan
USSR
Orsay, Prance
Lancaster, England
Annecy, France
Los Alamos, N- M. , USA
Lausanne, Switzerland
Berkeley, Calif. , USA
Torino, Italy
Moscow, USSR
Leeds, England
Bethlehem, Pa. , USA
Leiden, Netherlands
Leningrad, USSR
Bruxelles, Belgium
Linz, Austria
Liverpool, England
Livermore, Calif. , USA
London, England
London, England
London, England
London, England
Paris, France
Paris, Prance
Berkeley, Calif*, USA
Baton Rouge, La ~ , USA
Lund, Sweden
Madrid, Spain
Madr id, Spain
New York, N Y*, USA
Winnipeg, Canada
Mainz, Germany
Amherst, Mass-, USA
Boston, Mass ~ , USA
Montreal, Canada
Manchester, England
Parkville, Australia
South Hadley, Mass ~, USA
Ann Arbor, Mich ~, USA
Milano, Italy
Minneapolis, Minn. , USA
Oxf ord, Ohio, USA.

Cambridge, Mass. , USA
Modena, Ita1y
Montpellier, Prance
Mons, Belgium
Montreal, Canada
Moscow, USSR
Moscow, USSR
Heidelberg, Germany
Munich, Germany
Messina, Italy
East Lansing, Mich. , USA
South Hadley, Nasl , USA
Mulhouse, Prance
Munich, Germany
Stroughton, Wise. , USA

Nagoya, Japan
Napoli, Italy
Greenbelt,

Md'�

, USA
Notre Dame, Ind-, USA
Boston, Mass. , USA
Neuchatel, Switzerland
Irvington-on-Hudson, N. Y. , USA
Nip megen, Ne ther lands
De Kalb,

Ilia�

, USA
Copenhagen, Denmark
Novosibirsk, USSR
London, England
Washington, D ~ c ~ , USA
Evans ton, Ill. , USA
New York, N. Y. :, USA
Athens, Ohio, USA
Eugene, Ore. , USA
Oak Ridge, Tenn. , USA
Orsay, France
Osaka, Japan
Osaka, Japan
Oslo, Norway
Columbus, Ohio, USA
Ottawa, Canada

OXF
PADO

PATR
PAVI
PENN
PISA
PITT
PPA
PRAG
PRIN
PSLL
PURD

REHO
RHEL
RICE
RISO
RL
RMC S
ROCH

ROCK
RONA

ROSE
RUTG
SACL
SAGA
SANI
SBER
SEAT
SEIB
SERF
SETO
SFLA
SHEF
SHMP

SIBE
SIEG
SIN
SLAG
SNAS
SOF I
STAN
STEV
STLO
STOH
STON
STRB
SURR
SUSS
SYRA
TANU

TATA
TELA
TEMP
TENN
TEXA
TNSK
TNTO
TOHO

TOKY
TORI
TRIU
TRST
TUFT
TWAS

UBEL
UCB
UCD

UCI
UCLA
UCND
UCR
UCSB
UCSC
UCSD
UMD

UNCS
UNH

UPN J
UPPS
UTAH

UTRE
VAND

VICT
VIEN
VIRG
VPI.
WARS

MASH

MIEN
WILL
MISC
WOOD

WUPG

WUPP
MUSL
WYON

YALE
YOKO

ZEEM
ZURI

Oxford Univ ~

Univ ~ di Padova
Univ ~ o f Patras
Univ di Pavia
Univ o f Pennsylvania
Univ di Pisa
Univ - of Pittsburgh
Princeton-Penn. Proton Accel.
Ins t ~ of Phys ics, CSAV
Princeton Univ.
Physical Science Lab .
Purdue Univ ~

We izmann Inst - of Sci ~

Rutherford High Energy Lab ~

William Marsh Rice Univ'
Research Estab . Riso
Rutherford Lab ~ (formerly RHEL)
Royal Military College of Science
Univ ~ of Rochester
Rockefeller Univ'
Univ ~ di Roma
Rose Polytechnic Inst.

-Rutgers Univ ~

Cntr ~ d'Etudes Nucl. Saclay
Saga Univ ~

Ist Superiore di Sanita
San Bernardino State College
Seat tie Pacif ic College
Research Center Seibersdor f
Inst ~ of High Energy Physics
Seton Hall Univ ~

Univ ~ of South Florida
Univ ~ of Shef f ield
Univ ~ o f Southamp ton
Inst ~ of Nucl. Phys ~, USSR Acad. Sci ~

Gesamthochschule Siegen
Swiss Inst' of Nuclear Research
Stanford Linear Accel ~ Center
Southeastern Nassachusetts Univ-
Bulgarian Acad ~ of Scil
Stanford Univ.
Stevens Ins t ~ of Tech ~

St ~ Louis Univ.
Stockholm Univ.
State Univ ~ of New York at Stonybrook
Centre des Res ~ Nucleaires
Univ. of Surrey
Un iv ~ of Sus sex
Syracuse Univ-
Texas A and M Univ.
Tata Inst. of Fundamental Research
Univ ~ o f Tel-Aviv
Temple Univ ~

Univ' of Tennessee
Univ ~ o f Texas
Nucl ~ Phys ~ Inst ~, Tomsk Polytech Inst ~

Univ ~ of Toronto
Tohaku Univ.
Univ . of Tokyo
Univ ~ d i. Tarina
TRIUNP, Univ. of British Columbia
Univ ~ di Trieste
Tu f t s Un iv ~

Waseda Univ-
Univ ~ o f Belgrade
Univ ~ of Calif . at Berkeley
Univ ~ of Calif ~ at Davis
Univ - of Calif ~ a t Irv ine
Univ ~ of Calif ~ at Los Angeles
Union Carbide Nuclear Division
Univ ~ of Calif ~ at Rivers ide
univ ~ of Calif ~ at Santa Barbara
Univ- of Calif. at Santa Cruz
Univ. of Calif ~ at San Diego
Univ ~ of Maryland
Union College
Univ ~ of New Hampshire
Upsala College
Gustaf Werner Ins t ~

Univ ~ of Utah
Univ ~ o f Utrecht
Vanderbilt Univ-
Univ ~ of Victoria
Inst ~ for High Energy Physics, A. A. S.
Univ ~ o f Virginia
Virginia Polytechnic Inst ~

Univ. of Warsaw
Univ. of Washington
Univ. Vien
College of William and Nary
Univ. of Wisconsin
Woadstock Callege
Gesamthochschule Mupper tal
Univ Wuppertal
Washington Univ'
Univ. of Wyoming
Yale Univ ~

Yokohama Univ.
Zeeman Lab ~, Univ. of Amsterdam
Univ ~ Zur ich

Oxford, England
Padova, Italy
Patras, Greece
Pavga, Italy
Philadelphia, Pa. , USA
Pisa, Italy
Pittsburgh, Pa. , USA
Princeton, N. J., USA
Prague, Czechoslovakia
Princeton, N. J , USA
Las Cruces, N. M. , USA
Lafayette, Ind. , USA
Rehovoth, Israel
Chilton,

Did'�

, Berks-, England
Haus tan Texas, USA
Roski lde ~ Denmark.
Chil tan, Did ~, Be rks -, Eng land
Shr iv enham, Eng land
Rochester, N. Y-, USA
New York, N ~ Y. , USA
Roma, Italy
Terre Haute, Ind , USA
New Brunswick, N- J., USA
Gif-sur-Yvette, France
Saga, Japan
Roma, Italy
San Bernardino, Calif. , USA
Seattle, Wash. , USA
Vienna, Austria
Serpukov, USSR
South Orange, N. J-, USA
Tampa,

Fiat�

, USA
Sheffield, England
Southampton, England
Siberia, US SR
Huttental, Germany
Villigen, Switzerland
Stanford, Calif. , USA
North Dartmouth, Mass ~ , USA
Sofia, Bulgaria
Stanford, Calif , USA
Hoboken, N. J», USA
St Louis, No. , USA
Stockholm, Sweden
Stonybrook, L i ~ , N. Y. , USA
Strasbourg, Prance
Surrey, England
Palmer, Brighton, England
Syracuse, N. Y. , USA
College Station, Texas, USA
Bombay, India
Tel-Aviv, Israel
Philadelphia, Pa ~ , USA
Knoxville, Tenn. , USA
Austin, Texas, USA
Tomsk, USSR
Toronto, Canada
Sendai, Japan
Takyo, Japan
Torina, Italy
Vancouver, Canada
Trieste, Italy
Medford, Mass. , USA
Tokyo, Japan
Belgrade, Yugoslavia
Berkeley, Calif. , USA
Davis, Calif. , USA
Irvine, Calif. , USA
Los Angeles, Calif. , USA
Oak Ridge, Tenn. , USA
Riverside, Calif-, USA
Santa Barbara, Calif. , USA
Santa Cruz, Calif. , USA
La Jolla, Calif ~ , USA
College Park,

Md'�

, USA
Schenectady, N. Y ~ , USA
Durham, - N. H , USA
East Orange, N. J. , USA
Uppsala, Sweden
Salt Lake City, Utah, USA
Utrecht, Netherlands
Nashville, Tenn. , USA
Victoria, Canada
Vienna, Austria
Charlottesville, Va-, USA
Blacksburg, Va ~ , USA
Warsaw, Poland
Seattle, Wash. , USA
Wien, Austria
Williamsburg, Va , USA
Madison, Wise. , USA
Woadstack, Md. , USA
Wuppertal, Germany
Wuppertal, Germany
St ~ Louis, Mo ~ , USA
Laramie, Wyoming, USA
New Haven, Conn. , USA
Yokohama, Japan
Amsterdam, Netherlands
Zurich, Switzerland
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

M P
M

M

M F
M

M

M

M

M F

0 GAMMA(0g J=1)

0 GAMMA MASS ( I N UNI TS OF 10++-21. MEV 3

65
64
68
71
71 CNTR
73
74
75
KROLL 71

SATELL I TE DATA 10/69
SAT ELLITE DATA 10/69
SATELLITE DATA 10/69
LOW FREQ RES CIR 3/72
TESTS GAUSS LAW 3/71
GENL RELATIVI TY 8/77
ALFVEN WAVES 7/74
JUPITER MAGF IELD 1/78

ANO GOLOHABER 71o 3/78

RFFERENCES FOR GAMMA

(6 ~ ) OR LESS PATEL
6e OR LESS GINTSBURG
2 ~ 3 OR LESS GOLOHABER

(0 ~ 06) OR LE SS FRANKEN
IO ~, OR LESS WILLIAMS

(4e E-43) MEV OR LES S LOWENTHAL
0 ~ 73 OR LESS HOLL WEG
0 ~ 6 OR L ES 5 CL= ~ 997 DA V I S

INVA LID MEASUREMENT ~ SEE CRI T ICISM IN

Thus, in the general case of n neutrino
3 3species, decays such as H ~ He + e + 8 and

+'d, which have been used to set the best
p 1

upper bounds on the respective neutrino masses,

really consist of incoherent sums of the separate
3 3 +

decay modes H ~ He+e +'v. and 7i ~ p +4, ,l. j
where the V. ,v . are mass eigenstates, andj-' j
i = l, . . . , k&~n, j = l, . . . , k &~n, with 9 and v)

being the heaviest such states allowed by phase

GI NTSBUR 64 SOV ~ ASTR aAJ7 536 M ~ A ~ GINTSBURG
PATEL 65 PL 14 105 V ~ L ~ PATEL
GOLOHABE 68 PRL 21 567 A ~ GOLOHABER M ~ NIETO
FRANKEN 71 PRL 26 115 P A FRANKENe G W AMPUL SKI
WILL IAMS 7 I PRL 26 721 +FALLER eHI LL

(ACAD SCIL USSR)
( DURHAM )

( STONY BROOK)
l MICH)

(WESLEYAN)

LOWENTHA 73 P R D8 2349
HOLLW EG 74 PRL 32 961
DAVI S 75 PRL 35 1402

0 ~ 0 LOWE NTHA L (UCI )
J V HOLLWEG (NATL CENTER FOR ATMOS RESRCH)
+GOLDHABERy NIETO (C IT+STON+LASL)

PAPERS NOT REFERRED TO IN DATA CARDS

GOLDHABE 71 RMP 43 277 A S GDLDHABERg M M NIETO.
KROLL 71 PRL 26 1395 N M KROLL
BYRNE 77 AST ~ SP ~ SC I ~ 46 11 5 J ~ C ~ 8 YRNE

( STON+BOHR+UCSB)
( SLAG )
(LOIC)

Note on Neutrino Mass Limits

(bg R. Shrock, State Univ. of' Ne~ York, Stongbrook)

In the conventional case where all neutrinos
are assumed to be massless and hence degenerate,
it is possible to define the neutrino weak-gauge-

group eigenstates 9, g, and 9& (i.e. , the states
which couple with unit strength to e, p, and

respectively) to be simultaneously mass eigenstates.
However, in the general case of massive (nondegen-

erate) neutrinos, the gauge-group eigenstates have

no well-defined masses, but instead. are linear
combinations of mass eigenstates, which may be

labeled V, u2, and V3. In the standard SU (2) S
U {1) e lect roweak theory, the mixing of the le ft-
handed-components of the mass eigenstates to form

2gauge-group eigenstates is specif ied by a 3 (3 3

unitary matrix U:

the dominant decays are the ones with coupling
2 3 3strenath ~U . . ~, where i=j, i.e. , H ~ He + e + v

3-3
+ +a.nd. Tl ~ p + V2.

It follows that: (1) the old neutrino mass

limits quoted in the
"m (u~) *', and "m (vT) "

on m(V. ), i=1, 2, and
1.

mass limit cannot be

literature for "m (V ) ",e
are meaningful only as limits
3, respectively; (2) a neutrino

given in isolation —it. always

contains some implicit dependence on the relevant
lepton mixing angles. Fortunately, however, this
dependence is relatively unimportant for the

dominantly coupled decay modes, i.e. , eV, 'pV2, and1
2since IU . .

l
is close to unity for i=j . since

3 I
I j g

these decay modes were the ones responsible for the

mass limits given previously, the latter can be

reinterpreted without significant change or compli-

cation as proper limits on m(V ), i = 1, 2, and 3.1
This has been done in the Table.

space in these two respective decays. The coupling
~ thstrength for the i mode is given for the two

decays by the factors ~U .
l

= (U , I
and—

l ei~
i U .

l

= (U . i . There are, in addition, certain2 2
2i pl.

kinematic factors depending on m(V. ) which enter in
. thdetermining the branching ratio for the i decay

mode. Since the off-diagonal elements of the lepton

mixing matrix U are constrained to be rather small,

Further neutrino mass limits arising from

subdominantly coupled decay modes and other
phenomena, such as neutrino oscillations, which

(The r ight-handed components 9, are s ingle ts . )iR
The lepton mixing matrix U depends on four real
parameters, of which three are CP—conserving
rotation angles, and the remaining one is a CP-

violating phase. It is easy to generalize these
remarks to the case of n& 3 neutrino species. One

should note, however, that, there are indications
3from astrophysics that n may not. be larger than 3.

involve U. . with i g j, are dependent upon the
3-j

unknown lepton mixing angles, and hence we shall
not. consider them in the present edition.
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Stable Particles
V, Pe,

Data Card Listings
For notation, see key at front of Listings.

1968), p. 367. See also S. Glashow, Nucl. Phys. 3 EL ECTRON MAGNETIC MOMENT( E/2ME)

22, 579 (1961); S. Glashow, J. Iliopoulos, and

L. Naiani, Phys. Rev. D2, 1285 (1970); ancI,

for the n=3 case, N. Kobayashi and T. Naskawa,

Prog. Theor. Phys. 49, 652 (1973).
2. See, e.g. , B. N. Lee and. R. E. Shrock, Phys.

MM

MM

MM

MM

MM R
MM

MM

Mh1

MM

MM

MM

MM

MM R

SEE RICH 72 FOR A REVIEW OF THEORY AND EXP
(1 ~ 0011609) +- (24) i¹10¹¹-7 SCHUPP 61
( 1 ~ 001 159622) +-(27) ¹10¹¹-9 WI LKI NSQN 63{1.00116S) +-(22)¹10¹¹-6 RICH 66
( 1 ~ 001 I 59557) +- (30) ¹10¹¹-9 RICH e8
( 1 0011596389) +- ( 31) ¹10¹¹-10TAYLOR 69
(1 ~ 001159e44) +-(7)¹ jo»-9 WESLEY 70
( 1 e 001 1596577)+-(35) ¹10¹¹-1OWE SlEY 71
( 1 ~ 001 1603 ) +- {12)¹I0¹¹- 7 G I LL ELAND 72
{1 001 1 596567) +- (35 ) ¹10¹¹-10COHE N 73
( 1 00115'3667) +- {24) ¹10¹¹-9 WALLS 73

1 ~ 00115965241+-(20)¹10¹¹-llVANDYCK 77
RICH 68 I S REEVALUATION OF WI LKI NSGN 63

ERI MENTS
CNTR
CNTR
CNTR +
CNTR
RV UE
CNTR
CNTR
CNTR +
RVU E
C NTR
CNTR

3/74

P GSI TRON
8/66
8/66
6/68
2/71
6/70
2/72
2/72
3/74

BGLGMETRIC TECHN 11/77
5 INGLE ELECTRON 12/77

Rev. D16, 1444 (1977). DMM

DMiM

(E+ ANOMALOUS MAG MGM) — (E- ANOMALOUS MAG MGM)/AVG
1 0 OR LESS CL=~95 SEREDNYAK 77 CNTR

UNITS 10¹¹-5
6/77

3. J. Yang et al. , Astrophys. J. 227, 697 (1979);
see also footnote 4 in G. Steigman et al. ,
Phys. Hev. Lett. 43, 239 (1979).

4. K. Berkvist, Nucl. Phys. 839, 317 (1972).
5. N. Daum et al. , Phys. Rev. D20, 2692 (1979).

EDM
EDM

3 ElECTRON ELECTRIC DIPOLE MCME NT (UNIT S 10¹¹-23 E-CM )

T EST OF P OR T V IQ LAT I CN IN THE EM. IN TERACT I ON

(0 ~ 3} QR LESS CL= ~ 90 WE I SSKOPF 68 MRS
8 1 11 ~ 6 VASILEV 78

REFERENCES FOR EL ECTRON

12/79¹
12/79¹

1 E-NEUT RI NO (0~ J-" 1/2 )

SCHUPP 61 PR 121 1
WILKI NSG 63 PR 130 852
COHEN 65 RMP 37 537
MGE 65 PR 140 8 992

A A SCHVPPgR W PIDDgH R CRANE (MICH)
D T HI LKI NSQNg H R CRANE {M ICH)
CGHEN~DUMOND (N A AVIATION SC I CENTER+CIT)
M K MGEp F RE INES (CASE Ih}ST TECHNOLOGY)

M

M

M

M

M D

M

M 0

M C

M C

1 E-NEUTRINO MASS (KEV}

25) OR LESS
50 } OR LESS
55) (0 28)
1 OR LESS CL=. 67
5 OR LESS CL= e90
32 OR LESS CL= 90
06 GR L ES 5 CL= ~ 90
008) OR LESS
086 QR LESS CL= 90

VALUE ~ 075KEV (CL= 6

LA NGER
HAMILTON
FR I E OMAN

BECK
OAR IS
SA LGG
BERGKVIS
COWS I K

RODE
7) DISAGRE

52 CNTR ANTI-NEUT ~ (TRIT IUM )
53 CNTR ANTI-NEUT. (TRITIUM)
58 CNTR ANTI-NEUT. {TRITIUM )
68 CNTR NEUTRINO {SODIUM 22 )
69 CNTR Ah}TI-NEUT. ( TRI TI UM )
69 CNTR ANTI-NEUT. (TRITIUM )
72 CNT ANTI-NEUT. (TRITIUM)
72 T HEOR LIM FROM COSMOLOGY
72 CNTR ANTI -NEUT (TRITIUM)

ES W ITH FIG 6 ~ WE USE FIG 6

(0
(0 ~

{0
4
0 ~

0
0 ~

(Oo
0

DARI 5 69

450 ' OR LESS CL=e90 CLARK 74 ASPK KE3 DECAY
LOWE ST LIMIT FROM STRANGENESS CHANGI NG DECAY

11/73

11/73
11/73
11/73
11/73
3/74

11/73
11/73

11 /75
11/75

RICH 66 PRL 17 271
RICH 68 PRL 20 967
WEISSKQP 68 PRL 21 1645
TAYLOR 69 RMP 41 375

A RICHE H R CRANE {MICH)
A RICH (MICH)
WEISSKDPFgCARRICOgGOULD gLIPHORTH+ (BRAN)
+PARKER' LANGENBERG ( PRIN+UCI+P ENN)

WE SL EY 70 P RL 24 1320
WESL EY 71 PR A4 1341
GI LLELAN 72 PR A5 38
RICH 72 RMP 44 250

J C WESLEY' A RICH
J C HE SLEYgA RICH
J GILLELANDg A RICH
A RICH gJ C WESLEY

( MICH)
(MICH)
( MICH)
(MICH)

(HASH)
{UMD)

(NOVO )
(WASH)

VASILEV 78 JETP 47 243
KGVALCHU 79 JET PL 29 145

+KG! YCHE VA

KQ VALC HUK+
( J INR)

( NUCLEAR RE SEARCH INST-USSR)

COHEN 73 Jo PHYS CHEM ~ REF DATA 2 g P 663' E ~ R COHENS B N TAYLOR
WALLS 73 PRL 31 975 F.L. HALLS' T S STEIN
ST EI NBER 75 P R 012 2582 ST E I NB ER Gg KW IATKOW SK I g M AEN HAUT g WAL L
SE RE DNYA 77 P L 668 102 SE REDNYAKOY g5 I DOROV e S KR INSKY+
VANDYCK 77 P RL 38 310 +SCHHINBERGp QEHMELT

450.

1 (E-NEUTRINO) — ( E—ANTINEUTRINO) MASS DIFF (KEV)

OR LESS CL= 90 CLARK 74 ASPK KE3 DECAY 11/75

¹¹¹

2 MU-NEUTRINO(0y J=l/2)

E-NEUTRINO MEAN LIFE/MASS {UNITS SEC/EV)

REF ER EN CES FOR E- N EU TR I NO

LANGER 52
HA MI L TON 53
FR IE DMAN 58
BECK 68
DARI 5 69
SALGG 69

PR 88 689
PR 92 1521
P R 109 22 14.
Z PHY 216 229
NP A 138 545
NP A138 417

L M LANGER gR J D MOFFAT
D HAMILTON' W P ALFORD' L GROSS
LEWI 5 FR IEDMAN LINCOLN G SMIT
E BECK' H DANIEL
R DARI SgC ST-PIERRE
k C SALGQ H H STAUB

(INDIANA)
{PR INC ETQhl )

H ( BNL)
{MPIH)

( LAVAL-QUEBEC)
( Z UR I CH)

BERGKVI 5
COWS I K

RODE
CLARK
RE liNES

ALSO

72 NP 839 317
72 p RL 29 669
72 LNC 5 139
74 PR D9 533
74 PRL 32 180
78 PRIVATE COMM ~

KARL-E R I K BERGKV I ST {UN I V S TOCKHCLM)
R COWS IKy J MC CL EL LAND ( UCB)
8 RODE pH DANIEL (MUNICH+MPIH)
+EL IGFFr FR ISCHe JQHNSONt KERTHt SHEN+ ( LBL)
+SGBELgGURR (UC I )
V. BARNES ( PURD)

3. E 2 OR MORE RE INES 74 CNTR ANTI-NEUTRINO
S TABLE FALK 7S ASTRGPHYS ICS

REINES 74 LOOKED FOR E-ANT INEUTR INO OF NON-ZERO MASS DECAYI NG TQ
A NE UTRAL OF LES5ER MASS + GAMMA ~ USED LIQUID SC IhlT DETECTOR 'i}EAR
F ISS ION RE AC TGR. F IND S LAB LIFE TI ME 6 E7 SEC OR MORE. ABOV E VALUE
CF MEAN LIFE/MASS ASSUMES AVG. EFFECTIVE NFUTRINQ ENERGY OF 0. 2MEV.

3/78
12/79¹

3 /78
3/78
3/78
3/78

M

M

M

M

M

M

M

M

M B M

M- S
M

M B M

DM

M D
M M

M B
M S
M D

M D

2 MU-NE'JTRINO MASS ( MEV )

'3.5 OR LESS BARKAS 56 EMUL
4 ~ 0 OR LESS DUDZ IAK 59 CNTR
3 ~ 6 GR LESS F EI NBERG 63 RVUE
3 ~ 0 GR LESS AL LCQC K 65 RVUE
2 5 ' OR LESS BARDGN 65 AS PK
2.8 OR LESS CL= 90 SHAFER 65 CNTR
1;6 QR LESS CL ~ 90 BOOTH 67 CNTR
2 2 OR LESS CL= ~ 90 HYMAN 67 HEBC 0 K- HE

(le 2) OR L ESS CL=.90 BACKENSTO 71 CNTR M¹¹2~-je 28+-1 ~ 24
1 ~ 15 QR LESS CL= 90 SHRUM 71 CNTR M¹¹2=-1 55+-1 ~ 14

(8 EV) OR LESS COWS IK 72 THEOR. LI M FROM COSMOLOGY1.15 OR LESS CL= ~ 90 BACK ENSTO 73 CNTR M¹¹2=-0 ~ 29+-0 ~ 900. 65 QR LESS CL= 90 CLARK 74 ASPK KMU3 DECAY
(1 ~ 0) OR L ES S CL= ~ 90 DAUM 76 SPEC M ¹¹2 0 ~ 23+ 0 54
0 57 GR LESS CL= ~ 90 GAUM 78 SPEC M¹¹2= 0 ~ 13+—0 14

WE CA{ CULATE UPPER LIMIT AT CL= 90 FROM M¹¹2.
BACKENSTQSS 73 REPLACES BACKENSTOSS 71 AND USES THEIR NEH PI — MASS ~

SHRUM 71 USES SHAFER 67 PI — MASS VALVE AND CRANE 71 MU MASS VALUE ~

DAUM 78 REPLACES DAUM 76 EVALUATED US ING M ( P I ) = 139 5675+- 0 ~ 0013
AND M(MU) = 105 65948+-Oo 00035 R FROSCHp PRI VATE COMM ~

2 (MU-NEUTRINO) — (MU —ANT INEUTR INQ ) MASS DIFF . {ME V)

7/66
7/66

5/71
3/68

11/'67
10/71
12/71
3/74
1/73
7/74
1/76
3/' 78
1/76
1/73
1/73
3/78
3/' 78

FALK 78 PL 798 511 5 ~ FAt Kg Di SCHRAMM ( EF I ) 0.45 QR LESS CL= ~ 90 CLARK 74 ASPK KMU3 DECAY 11/75

3 ELEC TRON MASS ( tIEV)

(.511006)( .00002)
( 5110041( 0000016)

~ 51 10334 ~ 0000014

CC HEN
TAYLOR
COHEN

3 ELECTRON{ 0 ~ 5g J=j/2]

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

e5 RVUE
69 RVUE US I NG NEH E/H
73 RVUE

7/70
3/74

2 MU-NEUTRINO MEAN LIFE/MA SS ( UNI TS S EC/EV)

HL BC NEV CERN GARGAMELL
HL BC ANTI NEUg C E'RN GARG
DBC NEVE ANL 12F T
RVUE ASTROPHYS I CS
HLBC NEVE ANEU CERNyGARGA

AST RGiP HYS I CS
{E) GAMMA'
HER NEUE OR NEUMU ~

B 0 3 ~ E-3 OR MORE Cl= 90 BELLGTTI 76
B 1 1 e3E-2 OR NORE CL= 90 BELLOTTI 76
B 0 2 2E-3 OR NORE CL~ ~ 90 BARNES 77
C ( 1 ~ E17) OR MORC COWSIK 77
B 0 2 6E-2 OR NORE. CL= .90 BL IETSCHA 78

STABLE FALK 78
B THESE EXPERIMENTS LOOK FOR NEU(MU) --& NEU
C CQWSI K 77 REFERS TG RADIAT IV E DECAY OF EIT

1/78
1/78
1/78

12/77
I /79¹

12/79¹
1/78

12/77

T
T 5
T
T 5
T S
T S

3 ELECTRON MEAN LIFE {UNITS 10¹¹21 YR)

2 ~ 0 OR thOR E MQE 65 CNTR
5 3 OR MORE STEINBERG 75 CNTR

(350 ~ ) QR MORE CL= 68 KGVAlCHUK 79 CNTR E- --&NEU GAMMA
STEINBERG 75 SENSI TIVE TQ ALL DECAY MODES IN WHICH DECAY PARTICLES
ESCAPE FROM DETECTOR W ITH3UT DEPOS IT ING ENERGY ~ TEST OF CHARGE
CONS ERVATI QN

6/66
2/76
1/ 80¹
2/76
2/76
2/76

2 MU —NEUTRINO VELOCITY-C; ABS( ( V-C ) /C ) (UNITS I 0¹¹-4)
EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO

V 77 2 0 OR L ESS CL= ~ 99 ALSPECTOR 76 SP EC &50GEV NEVE K DECA Y 1 /78
V 26 4 0 OR LESS CL= 99 ALSPECTGR 76 SPEC &50GEV NEUp P I DCAY 1/78
V 9800 0 4 OR LESS CL= 95 KALBFLE I 5 79 SPEC 12/79¹

BARK AS 56 PR 101 778
DUDZIAK 59 PR 114 336
F E INBERG 63 ARNS 13 431
AL LCOCK 65 P P SL 85 875
BARDGN 65 P RL 14 449

REFERENCES FOR MU-NE UTR INO

H H BARKAS W 8IRNBAUM F M SMITH (LRL)
W F DUDZ I AKg R SAGA NE g J VEDDER ( LRL)
G FE INBERGg L M LEDE RMAN (COLUMBIA }
G R ALLCGCK (LIVERPOOL)
BARDON ~ NORTON' PEOPLES + (COLU+STONY BROOK)
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Particle Data Group: Review of particle properties S65

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
P~, JLk

SHAK ER
BOOTH
HYMAN

BACKENST
SHRUMi
COWS IK
BACKENST

65 PRL 14 923
67 PL 26B 39
67 PL 258 376
71 PL 36B 403
71 P L 37B 114
72 P RL 29 669
73 PL 43B 539

BL IETSCH 78 NP 8133 205
DAUN 78 PL 74B 126
FALK 78 PL 79B 511

KALBFLE I 79 PRL 43 1361

CLARK 74 PR D9 533
AL SP ECTO 76 PRL 36 837
BELLOTT I 76 LNC 17 553
DAUMi 76 P { 6 OB 380

BARiNES 77 PRL 38 1049
COWS IK 77 PRL 3& 784

ALSO 79 PR 019 2219
ALSO 79 PR D19 2215

R E SHAFERtCRGWEtJENKINS ( LRL)
BOOTH, JOHNSCN, WILLIAMS, WORM AL D {LIVERPQOL )
+LOKEN tPE WI TTt MCKENZ IE+ (ANL+CARN+NWES }
BACKENSTOSSt DANIE Lt KOCH+ (CERN t KAR{ t HEID)
E V SHRUM t K 0 H ZI QCK l UNIV OF VIRGINIA)
R COWSIKtJ MC CLELLAND ( UC8)
BACKENSTOSSt DANIELtKGCH+ (CERN+KARL+MUNICH)

+EL IOF F t FR ISCHt JOHNSONt KERTHt SHEN + ( LBL)
ALSPECTOR + ( BNL+PURD+C IT+FNAL+ROCK)
+CAVALL I t F IORINI t ROLLIER {MILA)
+DUBAL t EATCNt F RQSCHt MCCULLQCH+ {S IN+ETH)

+CARHONYt DAUWEt FERNANDEZ +
R. COWSIK
RE COWSIK
GO{ DMANtSTEPhENSON

(PURD+ANL)
( MP I M+I AT A )

( TATA)
(L ASL )

AACH+L IBH+C ERN+EPOL+NIL A+DR SA+LOUC
+FATONt F ROSCH t HI R5 CHMANNt HCCUL LOCH+ l S IN)
S ~ F ALK t D ~ SCHRAHM ( EFI )

KALBFLE I SCH t BAGGETTt FOWLER+ (FNAL+ PURD+B ELL )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹'¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

MMR F l 3.18332e ) (.000013) FA VART 71 C NTR HF S SP{ I TTING 2/72
MMR H (3 ' 1833467( 0000082) CROWE 72 CNTR + PRECESSION PHASE 2/72
MMR R THE RESULT S THROUGH 1972 ARE INCLUDED IN COHEN . 73 3 /74.
MMR R 3 ~ 1833402 0000072 COHEN 73 RVUE 3/74
NMR 3 ~ 18332 99 0000025 CASPERSGN 75 CNTR 2/76
MMR 3 1833403 «0000044 CASPERSON 77 CNTR + HFS SPLITTING 12/T7
MMR 3.1833448 .OOOOO29 CAMANI 78 CNTR + PRECESSICN STRQB 7/79¹
MHR C CRANE 71 SUPERSEDES THOMPSON 69 THIS IS NOT A DIRECT MEASUREMENT 1/73
HMR H CROW E 72 SUPERSEDES HAGUE 70 ~

NNR F FAVART 71 ASSUMES A ZERO . VALUE FOR THE PROTON POL ARI ZABIL IT Y 1/73
MMR 0 DEVD E 71 SUP ERCEDES EHRL IC H 69«THI 5 I S NOT A DIRECT HEASURE MENT «1/73
MMR D WE GIVE A NEW VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF 1/73
MMR D —7 ~ 8+-2 3 PPHt AS DI SCUSSED IN FOOTNOTE 35A OF CRGWE 72 ~ 1/73
MMR ~ « ~ ~ ~ « ~ ««
HMR A VG 3 18333710 ~ C000039 AVERAGE ( ERROR INCLUDES SC ALE FACTOR OF 2 ~ 3 )
NMR STUDENT3 18333820 0000032 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

(SEE IDEOGRAM BELOW )

LIEIC HTED AUERAC E = 3 .1833371 + 0.0000039
ERROR SCALED BV 2.3

MUON {loe, J =1/2)

4 MUON HA SS l ME V)

M

M

M C
M D

M

M A

M C

M D

M A

M

H AV
M ST
M FI

4 MUON MEAN LIFE ( UNITS 10¹¹-6)

{105.659) ( 0 002) F EI NBERG 63 RVUE
{105~ 6599} {0~ 0014} TA YLOR 69 RVUE USING NEW E/H
(105 6597) (0 0005) CRANE 71 CNTR INCLUDED IN CQHEN73
( 10 5 6594} { 0 ~ 0004) CRGWE 72 CNTR INCLUDED IN CCHEN73
105 ' 65948 0«00035 COHEN 73 RVUE
10 5. 6 5945 O. 00033 CASPERSGN 77 CNTR +

cRANE 71 G IYEs MU/ME=206 76878{85} wE UsE ME=. 5110041(16)MEv.
CRQWE 72 GIVES HU/ME=206. 7682 {5) AND USES ME= 5110041{16}MEV
GASP ERSON 77 GIVES MU/HE=206 76859(29) .WE USE ME= ~ 5110034(14)MEV

~ ~ ~ ~ ~ ~ « ~ ~

G 10 5. 65946 0 ~ 00024 AVERAGE I ERROR I NCLUDES SCALE FACTOR OF 1 ~ 0 )
UDENT105 ~ 65946 0 00026 AVERAGE USING STUDENT10(H/1. 11) —SEE MAIN T

T 105 65946 0 00024 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

7/70
1/73
2/72
3 /74

12/77
1/73
1/73

12/77

EXT
2/ 80¹

CHISQ
ANI 78 CNTR 7 .1
PERSON 77 CNTR 0.5
PERSON 75 CNTR 8 .2
EN 73 RUUE 0.2

16.1
(CONLEU
=0.001)3 ~ 1833 3.1833 3.1833 3 ~ 1833 3 ~ 1834 3 «1834

MUON TO PROTON MAGNETIC MOMENT RATIO

T
T
T
T
T W

T
T
T

T
T

T W

T
T A

T 5

2. 198 0 ~ 001 0. 001 FARLEY 62 CNTR
2«203 0 ~ 004 LUNDY 62 CNTR CONLEV= ~ 98
2 ~ 202 0«003 0 003 ECKHAUSE 63 C NTR
2»197 0 005 0 002 NEYER 63 CNTR +
2 198 0 002 0 002 MEYER 6'3 CNTR

I 2.20026 ) I 0.00081 } WI LL I ANS 72 CNTR +
2 ' 1973 0 ' 0003 DU CLOS 73 CN TR +
2. 19711 O. 00008 BALANDIN 74 CNTR +

2 1948 0 ~ 0010 BA IL EY2 77 CNTR — 5 TORAGE RI NGS
2 1966 0 ~ 0020 BAILEY2 77 CNTR + STORAGE RINGS

WILL IAMS 72 MEAN L IFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE OF
THEI & EXPERIMENT AND DISAGREES STRONGLY WITH LATER EXPTS, NGT AVG3 ~

« ~ ~ ~ ~ ~ ~ « ~

VG 2 ~ 197120 O.OOOC77 0 ~ 000077 A VERAGE {ERROR INCL SCALE FACTOR OF
TUDENT 2 ~ 197123 0 000083 0«000083 AVG BY STUDENT 10 (H/1. 11) -- S EE MA IN

11/67

7/66
2/76
1/76
1/76
2/ 79¹
2/79¹
1/76
1/76

1 ~ 0)
TEXT

Pl
P2
P3
P4
P5
pe

HUON
MUON
MUON
HUCN
HUQN
MUON

4 MUON PARTIAL DECAY NODES

INTO E ANTI( E-NEU) (MU-NEU)
I NTO E ZGAMMA
I NTO 3ELECTRON 5
INTO E GAMMA

I NTO E ( E-NEU) ANT I ( NU-NEU)
INTO E ANTI ( E-NEU} I MU-NEU) GAMMA

4 HUCN BRANCHI NG RAT IOS

DECAY MA SSE 5
~ 5+ 0+ 0.5+ 0+ 0
~ 5+ 5+ 5
~ 5+ 0.5+ 0+ 0
~ 5+ 0+ 0+ 0

4 MU+/MU- MEAN LIFE RATIO

DT
DT
DT
DT
DT

1 000
1.0008

O. 001
0.0010

AVG 1.00040 0.00071
STUDENT - 1 ~ 00040 0. 00077

ME YE R 63 CNTR MEAN LIFE MU+/NU-
BAIL EY 79 CNTR 'STORAGE RING

7/66
7/79¹

AVERAGE ( ERROR INCLUDES SCALE FACTQR OF 1 0)
AVERAGE USING STUDENT10(H/1 11} -- SEE MAIN TEXT

4 MUON ANOMALOUS MAGN MOMENT ( 10¹¹-6¹E/{2¹HU MASS) )

5/69
5/69
5/69
5/69
1/77

11/T5
11/77
7/79¹
7/79¹
7/79¹

11/77
7/79¹
7/79¹

)
TEXT

EDN
EDM B
EDM B
EDH B
EDM B
EDM B

4 HUQN ELECTRIC DIPOLE MOMENT (UNITS 10¹¹-19 E-CM)
(8 6) (4.5 ) BA ILEY 78 CNTR + STORAGE RINGS
(0. 8} (4 ~ 3) PAIL EY 78 CNTR — STORAGE R INGS
3 ~ 7 3 ~ 4 BAILEY 78 CNTR +- STORAGE RING

BAILEY 78. YIELDS EDM & 1 05¹10¹¹-18 WITH CL~ «95 THIRD RESULT I S
FIRST TWO COMBINED .ASSUMING CPT.

2/79¹
2 /79¹
2/79¹
2/79¹
2/ 79¹
2/79¹

HM SEE R ICH 72 AND COh1BLEY 74 FOR A REVIEW OF THEORY AND EXPERIHENTS ~

HM ( 1162.0} (5 0) CHARPAK 62 CNTR +
MM B (1165~ 75} {O«71) BAILEY 68 CNTR + STQR RINGS
MM 8 (1166~ 25 ) (0 ~ 24) BAIL EY 68 CNTR — STOR ~ RING 5
NM B ERRORS STATI STI CAL. VALUES COMBINED TQ GI VE MU+- VALUE BELGW
MM 1166 16 0.3 1 BAILEY 68 CNTR +- STOR RINGS
MM 1060. 67 ~ HENRY 69 CNTR +
MM IA (1165.895) (0 027) BAILEY 75 CNTR + STORAGE RING
NM I A ( 1165 922 ) (0 ~ 009) BAIL EY 77 CNTR +- STORAGE RING
MM I (1165 911) (0 ~ 011) BAILEY 79 CNTR + STORAGE RING
MN I . (1165~ 937) (0 ~ 012 } BA I LE Y 79 C NTR — STORAGE RI NG

MM I 1165 924 0 0085 BAILEY . 79 CNTR +- STORAGE RING
NM A BAIL EY 77 INCLUDES RESULTS OF BA I LEY 75.
htM I BAIL EY 79 IS F INAL RESULT INCLUDES BAILEY 75 AND 77 DATA ~

HM I THIRD BA IL EY 79 RE SULT I S FI R ST TWO COMBINED
MM ~ ~ ~ ~ ~ ~ ~ ~ ~

NM AYG lle5. 9242 0.0085 AvERAGE (ERRQR INGLUDEs scALE FAGT0R GF 1.0
NM STUDENT 1165 ~ 9242 0 0092 A VERAGE U SI NG STUDE NT10{H/1 11) -- SEE MAIN

Rl
Rl
Rl P
Rj P

R2
R2 F
R2 F
R2 F
R2 F
R2 K

R2 K

R2 F
R2 F
R2 F
RZ K

R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4

R5
R5
R5
R5
R5

HUGN INTO 3 E ( IN UNITS OF 10¹¹-7)
5. 0 OR LESS CL= 90 PARKER
1 3 OR LESS CL= 90 AL IKHANOV
l«5 OR LESS CL= 90 FRANKEL2
1 2 OR LESS CL=«90 BABAEV
0 ~ 062 OR l ESS CL= 90 KORENCH2
0 ~ 019 OR LESS CL= 90 KORE NCHEN

FOUR ABOVE EXP ER IHENTS EVALUATED UPP ER L
ORDE R V-A NE JTRI NG LOOP DI AGRAN ~ L IHITS
BY ASSUMING A CONSTANT MATRIX ELEMENT
THESE EXPERIMENTS ASSUME A CONSTANT MATR

(P3) /(Pl)
62 CNTR
62 OSPK
63 CNTR
63 OS PK
71 OSPK
76 spEc +
I HI TS A SSUMI NG A SECOND
NOT S IGNI F ICANTLY CHANGE D

IX EL EMENT ~

MUON INTO E+GAMHA { IN
3 OR LESS

2 2 OR LESS
2 ~ 9 QR LESS
0 36 OR LESS
0«ll OR LESS
0 019 OR LESS

UNITS OF
C L= ~ 90
CL= ~ 90
CL= ~ 90
C{ = ~ 90
CL= 90
CL= 90

10¹¹-81
F RANK EL 1 63
PARKER 64
KQRE NCH1 71
DE PCHHIE R 77
POVEL 77
BOWMAN 79

{P4) /(Pl)
QSPK
OSPK
OSPK +
CNTR +
ELEC +
SPEC +

MUON+ INTO ( E+ ( E-ANT INEU ) (NU-NEU) )
FORB I DDEN BY ADDI T I VE CONS CRVAT I VAT I QN LAW
MULT IPL ICATIVE LAW PREDICTS R4=0 ~ 5

0 ~ 25 OR ( ESS CL= ~ 90 EICHTEN 73

(P5) /(Pl)
FOR MU QN NUM B ER ..
HLBC +

HUGN INTO E ANT I( E-NEU} (MU-NEU) GAMHA

27 E VENTS SEEN ASHKI N 59
1 ~ 4E-2 0«4.E-2 CRI TTENDE 61
3 3E-3 1 3 E-3 CR ITT ENDE 61

862 E VENTS SEEN BOGART 67

( Pe} /( Pl )
CNTR
CNTR T(GAM) GT 10 MEV
CNTR T(GAH ) GT 20 MEV
CNTR T (GAM) GT 14 ~ 5 MEY

4 HUON DECAY PARAMETERS

MUON INTO E+2GANMA l IN UNITS OF jo¹¹-5) (P2) /(Pl)
1«6 OR LESS CL= ~ 90 FRANKE{ 1 63 OSPK +
0.4 OR LESS CL= ~ 90 POUTI SSOU 74 CNTR +

POUTI SSOU 74 LIMIT APPLIES TO SUH OF ALL NEUTRINQLESS MU+ DECAYS
12/75

1/76

2/72
6/77

1 0/77

10/71
12/77
1/79¹
7/79¹

11/75

1/78
1/78
1/78
1/78
I/78

MMR

MMR

HMR
HMR

HMR
MMR

HMR
MMi R
MMR

NMR D

NMR C
MMR

NMR H

MMR C

MMR D

THIS RATIO I
SEE CRQWE 72

{3.1865}
(3 ~ 1830)
(3 ' 176}
(3.1834)
{3' 18336}
(3.1808)
(3 18338 }
( 3 «18335 1)
{3 ~ 183314)
(3 ~ 183330)
( 3 183347)
(3 ~ 183336)
{3 183349)

5 USED TO OBTA IN

0022)
( F 0011 )
( ~ 01 3)
( 0002 )
( 00007)
( 0004)
{ ~ 00004 )
( 0000 16)(.000034)
( 000044)
l .000009)
l ~ 000013 )
( .0000 1 5)

PRECISE VALUES OF THE MUON MASS«

COFFIN
LUNDY
LUNDY
GAR W IN
BINGHAM
BINGHAM
HUTCHINS
EHRLICH
THOMPSON
HUTCHINS
HAGUE
CRANE
DE VOE

58
58
58
60
63
63
63
69
69
70
70
71
71

CNTR +
CNTR +
CN TR
CNTR +
CNTR +
CNTR
CNTR +
CNTR
C NTR
CNTR +
CNTR +
CNTR
CNTR

SPIN RESONANCE
PRECE SSION STROB
PRECESSION STRGB
PRECESSION PHASE
P RECESS ION STRO 8
PRECESSION STROB
PRECESSION PHASE
HFS S PL ITT ING
HFS SPLI TTING
P RECESS ION P HAS E
PRECESSION PHASE
HFS SPL I TTING
HFS 5 PL ITT ING

4 HUCN TO PROTON MAGNETIC MOMENT RATIO

3/72
3/72
2/72
2/72
2/72
2 /72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
1/73

RELATED TE XT SECT I ON V I A

RHO RHO P ARANE TER ( V-A THEORY PRED I CTS RHO=O 75 }
RHO C (0 ~ 741) ( 0.027) DUDZIAK 59 CNTR + 20-53 HEV E+
RHO P92 13 0«745 0 ~ 025 PLANO 60 HBC + WHOLE SPECTRUM
RHQ P TWO PARAMETER FIT TO RHO AND ETA ~

RHO C 2276 (0 ~ 7511 (0.034) BLOCK 62 HE BC — WHOLE SP ECTRUH
RHO D (0 64} lo ~ 04) BARLOW 64 CNTR — W HOL E SP ECTRUH
RHO D (0.66 1) (0.016) BARLGW 64 CNTR + WHOLE SPECTRUH
RHG, D (0 ~ 8671 (0 ~ 035 ) PONT iECORV 64 CC
RHO D RE SULTS I N DOUBT
RHO C 800K (0 ~ 7503) (0 ~ 0026) PEOPLES 66 ASPK + 20-53 NEV E+
RHQ C 280K {0«760) ( 0 ~ 009 } SHE RWQOD 67 AS PK + 2 5-53 M EV E+
RHO C 170K (0 ~ 762) ( 0 ~ 008) FRYBERGER 68 ASPK + 25-53 HEV E+
RHO C ETA CONSTRAINED ~0 THESE VALUES INCORPORATED INTO A TWO PARAHETER
RHO C FIT TO RHO AND ETA BY DERENZG 69
RHO 0 ~ 75 18 0 ~ 0026 DERENZO 69 RVUE
RHQ ~ ~ « ~ ~ ~ ~ « ~

RHO AVG 0 ~ 75 17 0 «0026 AVERAGE ( ERROR I NCL UDE 5 SCALE FACTOR OF 1 «0
RHO STUDENT 0«7517 0«0028 AVERAGE USING STUDENT10(H/1 ~ 11) —SEE MAIN

10/69
10/69

10/69
10/69
10/69
10/69
10/69'
10/69

.10/69
I. 0/69

1 0/69

)
TEXT
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866 Particle Data Group: Review of particle properties

Stable Particles
p, v~,

Data Card Listings
For notation, see key at front of Listings.

ETA ETA PARAMET ER
ETA P 9213 (-2 ~ 0) ( 0 ~ 9)
ETA P TWQ PARAMETER FIT TO RHQ
ETA C 800K (0 ~ 05 ) {0+5)
ETA C 280K (-0.7) (0 6)
ET A C 170K (-0.'7) (0.5 )
ETA C RHO CQNSTRAI NEO =0 ~ 75 t
ETA 634e -0.12 0.21

( Y-A THEORY
PLANO

AHD ETA- PLANO
PEOPLES
SHERWOOD
FRYBERGER

DERENZG

PREDICTS ETA~O)
60 HBC + W HOL E SP ECTRUN
60 DI SCGUNTS VALUE FOR ETA
66 ASPK + 20-53 ME V E+
67 ASPK + 25-53 MEY E+
68 A SPK + 25-53 ME V E+

69 HBC + 1 ~ 6-6 8 NEV E+

10/69
1 0/69
10/69
10/69
1 0/69

10/69

DUCLOS
EICHTEN

73 P L 478 491
73 P L 468 281

BALAHDIN 74 J ETP 40 811
PGUTI SSG 74 NP 880 221
BAIL EY 75 PL 558 420
CASPERSQ 75 PL 59B 397
KORE HCHE 76 J ETP 43 1

+NAGNONrPICARD (SACL)
+DE DEN+ {AACH+8 ELG+C ERN+ E POL+M I LA+L ALO+ LGUC )

+GREBEHYUK tZINOVt KONINt PQNOMAREV ( JINR)
POUT ISSOUr FELAWKAt INGRAM + (MONT+BRCO)
+BORER+ (CERN+DARE+BE RN+ SHEF+MANZ+RMCS+8 IRM)
CASP ERSONt CRANE+ ( YA{ E+LASL+HE ID+BERN+ WYON)
KORENCHENKGt KGSTI Nt MITS ELM AKHER+ ( J INR }

XS I XSI PARAMETER
XS I 9K 0 ~ 97
XSI 8354 0. 93
XS I A (0.903) (
XSI A DEPQLARI ZATICH
XS I G 66K (0 ~ 975) (
XSI 0.975
XSI G GURE VICH 67 SUP
XS I r ~ ~ ~ ~ ~

XSI AVG 0 972
XSI STUDENT 0 973

1 0/69
10/69
10/69

10/69
1 0/69
10/69

0 ~ ~

0.013
0.014

AVERAGE ( ERRCR INCLUDES SCAI E FACTOR OF 1~0)
AVERAGE USI NG STUDE hlT10(H/1 ~ 11) -- S EE MAIN TEXT

( V-A THEORY PREDICTS XS I=1)
0.05 BARDQN 59 CN TR BRONQFOR M IARGE T
0 06 PLANO 60 HBC + 8 8 KGAUSS
0 ~ 027) ALI-ZADE 61 EMUL + 27 KGAUSS
BY MEDIUM NQT KNOWN SUFFICIENTLY WELL
0.030) GURE VI CH 64 E MUL 1 40 KGAU SS0.014 GUREV ICH 67 EMUL
ERSEDE S GUREVI CH 64

BA I LE Y

DR
BAI L EY2

ALSO
CASP ERSQ
DEPOMMIE
PO YEL
BA IL EY

ALSO
CAMAN I
BAILEY
BO WNAN

225
191
268 301

956
1113
183

345

326
0

556

77 PL 678
77 PL 688
77 NATURE
79 BAILEY
77 PRL 38
77 PRL 39
77 PL 728
78 JPG 4
79 BAI LEY
78 PL 77B
79 NP 815
79 PRL 42

+BORER+ (CERN+CAR E+BERN+SHEF+MANZ+RMC S+B IRN )
+BORER+/CERN+DARE+BE RH+SHEF+MANZ+RNCS+8 IRM

{DARE+8 ERN+SHEF+ CERN+ MA NZ+RMC S+ 8 IRM )

CASPER SQNt CRANE+ ( BERN+HEI D+LASL+WYQN+YALE)
DEPQMMIERt MART IN+(MQNT+BRCG+TR IU+YICT+NELB )
+DE Y t WALTER, PF E I FFER + ( ZUR I+ET H+S IN }

( DAR E+B ERN+ SHE F+ MAN Z+R MC S+C ER N+8 I RM)

+GYGAXtKLEMPTrRUEGGr SCHENCK+ {ETH+MANZ}
( DAR E+8 ERN+S HEF+NANZ+RMCS+C ERN+B IR M+ L8 L+ )

+COOPER, HAMM, HGFFMAN + {LASL+EFI+STAH)
DEL DELTA PARAME'TER
DEL 8354 0 ~ 78
DEL 0 782
DEL 490K 0 75 2
DEL VOSSLER 69 HAS
DEL ~ ~ ~ ~ 0

DEL AVG 0.7551
DEL STUDENT 0 ~ 7550

{V-A THEORY PR EOI CTS DEL TA=0 75 )
0 05 PLAHG 60 HBC + WHOLE SPECTRUM
0 031 KRUGER 61
0 ~ 009 F RYBERGER 68 AS PK + 25-53 MEY E+
MEASURED THE ASYMMETRY BELOW 10 REV

10/69
10/69
10/69
1 1 /69

4 0

0.0085 AVERAGE {ERRCR INCL UDE S SCALE FACTGR OF i&0)
0.0094 AVERAGE USING STUDEhiT10(H/1 ~ 11) —— SEE MAIN TEXT

HELIC ITY OF
( V-A THEOR
WE HAVE FL

(0.28
IH DOUBT—

1 ~ 05
0 94
1 ~ 04

29K 0 ~ 89

DECAY ELECTRONS
Y PREDICTS HELICITY=+-1 FGR E+-t RESPECT IYELY)
IPPED THE SIGN FOR E- SG GUR PROGRAMS CAN AVERAGE
) (F 16) DICK 63 CNTR + ANNIHILATI CN
PQSI TRONS POSSIBLY DEPOLARIZED IN BE MODERATOR

0 30 BJHLER 63 CN TR + ANNIHILATI ON
0.38 BLOCM 64 CNTR + BREMS TRANSMISS
0 ' 18 DUCLOS 64 CNTR + BHABHA SCATT
0 28 SCHWARTZ 67 GS PK — MOLLER SCATT

HEL
HEL
HEL
HEL D

HEL D

HEL
HEL
HEL
HEL
HEL
HE L AVG
HEI STUDENT

10/69

10/69
10/69
10/69
10/69

~ ~ ~ i ~ ~ ~ ~

1 00 0 ~ 13 AVERAGE {ERROR INCLUDE S SCALE FAC TQR OF 1 ~ 0)
1 ~ 03 0 14 AVERAGE USING STUDENT10{H/1 11) -- SEE MAIN TEXT

FISHER
ASTBURY
DE VGNS
LA THRQP
LATHROP
REITER
TEL EGDI

CHARPAK
I .U TC H IN S
SHAPIRO
FAIRL EY
YQSSLER
RICH
CG MBLEY
FARLEY

59 PRL 3 349
60 RQCH C GNF 60 542
60 PRL 5 330
60 NC . 17 109
60 HC 17 114
60 PRL 5 22
60 ROCH CONF 60 713

61 PRL 6 128
61 PRL 7 129
e2 PR 125 1022
be Nc 45A 281
69 HC 63A 423
72 RMP 44 250
74 PRPL 14 1
79 A RNP S — TO BE PUB

PAP ERS NQT REF ERRED TO Ihl DAT A CARDS

F ISHERt LEQNT I Ct LUNDBYt M EUN IERt STRGQT ( CERN)
ASTBURY t HATT ERSLEY t HUSS AI N + (L IV ERPGQL )
DE YONS r GI DAL t LED ERNAhl t SHAPIRO {COLUMBIA)
J LATHROP t R A LUNDYr V L TEL EGDI + ( EF I )
J LATHROP R A LUNDY S PEHMAN + {EF I )
REIT ERt RONANOWSKI t SUTTON + ( CA R NEGI E }
V L TELEGDI (CERN )

CHARPAKt FARL EYt GARWI Nt MU{.LERt SENS + (CERN)
D P HUTCHI NSONt J MENES + (COLUMBIA)
G SHAP IRQ ~ L M LEDERMAN (CQLUMBIA )
FAIRLEYr BAILEY tBRQWNt GI ESCH + (CERN }
C VQSSLER ( EF I )
A RICHrJ C WESLEY ( MICH)
F CGMBLEYt Ee PICASSO (CERN j
FARLEYr PICASSO ( RMC S+C ERN)

GS
GS

GA

GA

FAV
FAV

GT
GT

GP
GP

SCALAR COUP LI NG CCNSTANT IN MUON DECAY ( IN UNITS OF GV )
0 33 OR LESS DERENZO 69 RVUE

AXIAL VEC TGR CQUPLI NG CONSTANT I N MUON DECAY ( IN UNITS GF GV )
0 86 0 ~ 33 0 11 DERENZQ 69 RVUE

PHA SE BE THE EN VECTOR AND AXIAL VEC TQR CQUPL I NG S ( DEGREES )
180 15 ~ DERENZO 69 RVUE

TENSOR COUPLING CQNSTAhIT IN MUON DECAY ( IN UNITS OF GV)
0 ~ 28 OR LESS DER ENZQ 69 RVUE

PS EUDGSC ALAR COUP L I NG CQNSTAhtT IN HUGH DECA Y ( I N UN I TS OF G V)
0. 33 GR LESS DERENZO 69 RVUE

REFERENCES FOR MUCN

10/69

10/69

10/69

10/69

10/69

36 TA U NE UTRI NG

NOT YET ESTABL I'SHED
GNI T TED FRONi TABLE.

36 TAU NEUTRINO MASS (MEY )

E+E- 3i 8-7. BGE V ECM
ASSUMES V-A DECAY
A SSUMES Y+A DECAY
E+E — ECM=3 5-7, 4GiEV
ASSU MES Y-A D ECAY

P 144 600+ OR LESS CL= 95
740 OR LESS Ci = 90

(540 ) OR LESS CL= 90
8 594 250 QR LESS CL= ~ 95
P PERL 77 I S E+E- TO TAU+ TAU-
P AND T AU MASS=1900 NEV ~

B BACI NO 79 EXPT RULE S OUT V+ A

PERL 77 SIM AG
BRANDELIK 78 DASP
BRANDEL IK 78 DA SP
BACING 79 DLCQ

E XP T. VAL UE QUOT ED

DECAY

¹¹tli¹¹'4¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹tr¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

12/77
3/78
3/78
7/ 79¹

12/77
12/77
7/79¹

CQFF IN
LUND Y

AS HK IN
BARD GH
DU DZ I AK

GA RW I N

PLANQ

58 PR 109 973
58 PR(. 1 38
59 N C 14 1266
59 PRL 2 56
59 PR 114 336
60 PR 118 271
60 PR 119 1400

+GARW I Nt PEhlMANt i EDERMAN t SACHS (COLUMBIA ]
+SENS SWANSCN TELEGDI YOVANQV ITCH (CHICAGO)
+F AZ Z I NI, F IDECARG t LI PMA Nt ME RRI SON + (CERN}
M BARDON t D BERL EY r L L EDERMAH ( COLUMBIA )

DUDZ IAKrR SAGANE r J VEDDER ( LRL)
GARW IH, HUT CHIHSON PENMAN SHAP I RG ( COL UMBI A )
R J PLANO ( COLUM 8 IA )

PERL 77 PL 708 487
BRAi{DEL I 78 PL 73 8 109
BACI NQ 79 PRL 42 749

REFERENCES FOR TAU NEUTRINO

+FELDMAN ~ ABRAMSr ALAM t BOYARSKI+ (SLAC+LBL )
BRANDE L IK + ( AACH+DESY+HAMB+MPI M+TGKY)
+FERGUSQNr NGDULMAN+ (UCLA+S LAC+UC I+STON)

ALI —ZADE
CR ITTEND
KRUGER
AL IKHANG
BLOCK
CHAR PAK
FARL EY

LUiND Y
PARK ER
BABAEV
8 I NG HA il

BUHLER
DICK

EC KHAUSE
FE INBERG
FRANKEL1
FRANKEL2
HUTCH INS
ME YER

BARLQW
BLOOM
DUCL QS
GUREY IC H

PONT ECOR
PARKER

PEOPL ES
BOGART
GUREV ICH
SCHWART Z
SHERWOOD
BAIL EY

ALSC
FRYBERGE

61 JETP 13 313
61 P R 121 1823
bl UCRL —9322 I UNPUB
62 CERhl CONF 423
62 NC 23 1114
62 PL 1 16
62 C ERN CCNF 415

62 PR 125 1686
62 NC 23 485
63 JETP 16 1 397
63 NC 27 1352
63 PL 7 368
63 PL 7 150

63 PR 132 422
63 ARNS 13 431
63 NC 27 894
63 PR 130 351
63 P R 131 1351
63 PR 132 2693

64 &PS 84 239
C4 PL 8 87
64 PL 9 62
64 PL ll 185
64 DUBNA CONF
64 PR 133 8 768

66 NEVI S-147 ( UNPUB
67 PR 156 1405
67 IAE 1297
67 P R 162 1306
67 P R 156 1475
68 PL 288 28 7
72 NC 9A 369
68 PR 166 1379

RICHARD A LUNDY
S PARKER tS PENMAN
BABAEVr BALATSr KAFTANOVt LANDSBERG +
Ge NCD. B INGHAM
+CAB IBBGt F IDECARGt MASSAMt MULLER+
DICKrEEUVRAISt SPIGHEL

( EF I )
{EFI)

( I TER )
{LRL}

{CERN)
( CERN )

M ECKHAUSEt T A F IL IPPAS + (CARNEGIE )
GERAI D FEIHBERGt L N LEDERNAN (COLUMBIA)
S FRANKELr W FRATI t J HALPERN + ( PENN)
S FRANKELr W FRAT I t J HALPERN + (PEhlN)
HUT" HI NSON NENES P ATLACH SHAPI RQ (CQLUMBI A)
S L NEYERr ANDERSONr BLES ERt LEDERMAN+ (CQLU)

+BGQ THr CAR RGLt COUR Tt DA V I ES t EDW ARD S+
+DI C K t F EUV RA I St HE HRY t MACQt 5 P I GHEL
+HEINTZE tDE RUJULArSGERGEL
GUREVICHr MAKARIYNA+
PCNTECGRVCtSULYAEV
S PARKER H L ANDERSON C REY

( LIVP)
( CERN )
(CERN}
( KIAE)

{MOSCOW)
( EFI )

) J PEOPLES
+DIC APUA I'EMET HY STR ELZCFF
G UR E VI CH r NA KA RI Y NA t MI SH AKGV A+
D M SCHWARTZ
8 A SHERWOOD
+BAR TL t VEN BOCHMiANNt BRGWNt FARL EY+
+BARTLt YQN BGCHMANNt BRGWNt FARL EY+
0 'F P, YB ERG ER

(CGLUMBIA)
(COLU)
(KIAE)

( EF I )
( EFI )

(CERN)
( CERN )

( EFI )

ALI- ZADE t GUREVI CHr NI KQLSKI (USSR)
CR I TTE NDEN r WALKE R r BALLA M ( MSU+MICH}

) H KRUGER ( LRL)
A I ALIKHANGVtA BABAEV + ( ITEP MOSCOW )
Bi OCK r FI GR IN I r KI KUCHI+ ( DUKE t BQLGGNAt MI LANG)
G CHARPAKt F J M FAR{ EYt R L GARWIN + (CERN}
FARLEYt NA SSAMr MULLER t ZI CHICHI (C ERht)

M

M

M

M

M

M

M

M

M

M

hl

M

M

M

M

M

M

M

M

M

M

35 TAU+ —( 1800t J~ 1/2) HEAVY LEPTON

E+E- —-& TAU+TAU- CROSS SECTION THRESHOLD BEHA VIQR
AND iMAGNI T UDE CONS I ST ENT W IT H PQ INTL I KE SP IH 1/ 2
DIRAC PART IC{ E ~ BRANDELIK 78 RULES GUT POINTLIKE
SPIN 0 OR SPIN 1 PARTICLE.

35 TAU MASS {MEV)

2/78
12/77
12/77
12/77
1/79¹
7/79¹
3/78

12/77
12/77
12/77
12/77
12/77
12/77
12/77

1/79¹
I/79+
7/79¹
7/79¹

EXT

35 TAU MEAN LIFE ( UNITS 10¹¹-12SEC)

P 64( 1800 ) ( 200 ~ ) PERI 75 SNAG I NCL ~ IN P ERL 77
8 220{1910 ) (30 ) BURMEST1 77 PL UT A SSUMES V-A DECAY
B 220{1790 ) (70 ) BURMESTl 77 PLUT ASSUMES V+A DECAY
P 144(1900.) {100. ) PERL 77 SMAG E+E — 3 ~ 8-7 ~ BG EV EC M

A 692 1 782. 2 7 ~ BAC I NC 78 DL CO E+E ECM= 3 o 1 7 ~ 4GE V
R 299 1787 ~ 10 18~ BARTEL 78 SPEC E+E- 3.6-4. 4GEV ECM

1 807. 20. BRANDEL IK 78 DA SP E+E- 3 ~ 1-5.2GEV ECM
B BURME STER 77 MASS VALUE ARE FROM EVENTS CONTAINING MU+- PLUS CNE
8 GT HE R PRON Gt ORIG I NA TING FROM E+ E- --& TA U+ TAU-. THE MASS
8 VALUES COME FRGN A FIT TG THE SHAPE AND ECM DEPENDENCE OF THE
8 MU+ SPECTRA ~ ASSUMING THAT THE TAU SPIN !S 1/2 AND ITS ASSOC
B NEUT RING HAS M=O ~

P PERL 77 YALUE CONE S FROM E+ E- TO E+- MU-+ Ah)D NO GT HER DET ECTED
P PART ICLES ASSUNES V-A COUPLING AND ZERO MASS FOR ASSOC NEUTRINO
A BACI NG 78 VALUE COMES FRGiM CS T HRESHHOL De SEE 70 EYENTS BELOW
A CHARM THRESHHGLD ENERGY DEPENDENCE CONFIRMS SPIN 1/2.
R BART EL 78 FITS ENERGY DEPENDENCE QF C S FOR E+- AND NU+- EVE NT S.
R MASS VALUE HOT DEP EhlDENT ON WHETHER V-A OR Y+ A DECAY ASSUMED

~ ~ ~ ~ J ~ ~ ~

A VG 1783 5 4, 2 . AVERAGE (ERRCR INCLUDES SCALE FACTOR GF le 0)
STUDEHT1783. 4 t. 6 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN T

DEREhlZO
EHRL ICH
HENRY
TA YLGR
T H G iM P SG N

HAGUE
HUTCHIN S

6S P R 181 1854
69 PRL 23 513
69 HC 63A 995
69 R MP 41 375
69 PRL 22 163
70 PRL 25 628
70 P RL 24 1254

S DERENZQ (EFI )
+HOFERtMAGNGNtSTQWELLt SWANSGN+ {CHICAGO)
+SCHRANKr SWANSOhl -{ST AN+UCS B+UC SD )
+P ARKE R t LAhlG EHB ERG ( P R I N+UC I+ P ENN )
+AMATQ r CRANE t HUG'HE S t NOB LEY+ ( YALE)
+RGTHBERGr SCHENCKt WILLI AMS+ (WASH+LRL }
HUTCHI NSQI'I L AR SON SC HOE N SQBE R + ( PPA)

77 (9~ 0) QR LE SS CL= ~ 95 ALEXANDE R 79 PL UT E+E 3 ~ 9 5 GEV ECM 7/79¹
594 (2 ~ 3) OR L ESS CL= ~ 95 BAC I NO2 79 DLCG E+E- ECM=3 5-7 ~ 4GE V 7/79{'

35 TAU PARTIAL DECAY MODES

CRANE
DE VGE

ALSO
FAVART
KGRE NCHI
KQRENCH2

71 PRL 27 474
71 PR( 25 1779( ER )
71 P RL 26 213
71 PRL 27 133e
71 S JNP 13 190
71 S JNP 13 728

+CASPER SON t CRANE t EGA Nt HUGHES+
+NC INT GRE, MAGNON, STGWELL SWANSGH+
DEVGE t NCI NTGREr NAGNONr STQWELL+
+NC I hITYRE r STQWEL Lr TELEGDI t DE VOE+
KGRENCHENKOt KCST INt M ICELNACHER+
KGRENCHENKGr KGSTI Nt NICELMACHER+

(YALE)
(CHICAGO)
(CHICAGO )
(C H I C AGO)

'( J INR)
( J INR}

CROWE 72 PR 05 2145 +HAGUEtRGTHBERGtSCHENCK+ (LBL +W ASH )
WILL IANS 72 PR D6 737 R W WI LLI ANS tD L WILLIAMS ( WASHINGTON)
COHE N 73 J.PHYS ~ CHEM REF DATA 2 r P.663t E ~ R. COHEN t 8eH ~ TAYLOR

Pl
P2
P3
p4
P5
P6
P7
P8
P9

TAU+-
T AU+-
TAU+-
T AU+-
T A�U-
+T U+-
T AU+-
TAU+-
T AU+-

INTO MU+- NEU {MU) NEU (TAU )
INTO E+- NEU{ E) NEU(TAU)
INTEI E+- GANMA{ S )
INTO NU+ — GAMMA( S)
INTO E+- CHARGED PART ICL ES
INTO MU+ — CHARGED PARTICLES
INTO HADRON+- NEUTRALS
INTO 3 HADRQNS+- NEUTRALS
INTO NEU( TAU ) RHG 0 P I+-

DECAY MA SSE S
105+ 0+ 0

~ 5+ 0+ 0
~ 5+ 0

105+ 0

0+ 77e+ 139
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Particle Data Group: Review of particle properties S67

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
7, 7T+

P10
Pll
P12
P13
P14
P15
P16

TAU+-
TAU+-
T AU+-
TAU+—
T AU+-
T AU+-
X AU+-

INTO NEU(TAU) Al( 1100 )+-
I NTO K+- NE UT RALS
INTO NEU(TAU) PI+-
INTO NEU(TAU) 2PI+- PI-+ ( I NCL. P9g P10 }
INTO NEU( TAU) 2P I+- P I-+ ( PI OS& ( I NCL, P 13)
INTO NEU(TAU) AND 3 OR MORE CHGD PARTICLES
INTO NEU( TAU) RHD+-

0+1100

0+ 139
0+ 139+ 139+ 1 39
0+ 139+ 1 39+ 139

0+ 776
R13
R13 J
R13 J
R13 J
R13
R13 F IT

TAU+- INTO (NEU
33 0 ~ 032
JAROS 78 F INDS
WE MUl TIPLY TO

~ ~ ~ ~ ~ ~

0 ~ 032

2PI+- PI-+ ( P IOS) ) &(MU+- NEU NEU ) (P14)»I'(Pl )
0 ~ 012 JAROS 78 SHAG E+E- ECM & 6 GEV
BR(NEU 3P I (P IOS) }& ~ 18+-» 065 A SSUMING BR (MU) &0 ~ 18.
OBT AI N ABOV E VA LUE ~

~ ~ ~

0 ~ 012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)

I/794
1/79+

R12 TAU+- INTO (NEU Al ( 1100)+-) /TOTAL (P10)
R12 A 21 (0 10) (0 ~ 03) ALE XAND1 78 PL UT E+E- 4-5 GEV EC M 12/78»'
R12 A NOT INDEPENDENT OF ALEXANDER1 78 Rll VALUE ABOVE ASSUMES THAT ALL 12/78+
R12 A (NEU RHOO PI+-) EVENTS ARE (NE U Al+-) AND THAT BR ( E+- NEU NEU )= 16» 12/78''

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements -are P. + 6P. , where

1 1 1
6P. = $ ~6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 1
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P. , see the listingsi j i j

'
1

above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to 1.

TAU+- INTO (NEU 2P I+- P I-+ }&(MU+- NEU NE U) ( P 1 3 ) i}' ( P 1 )
13 0. 013 0 ~ 009 JAROS 78 SMAG E+E- ECM & 6 GEV
JAROS 78 F INDS BR( NEU 3PI ) = 07+- ~ 05 ASSUMING BR(MU) =0 ~ 18 WE

MULTIPLY TO OBTAIN ABOVE VALUE EVENTS CONSI STENT W ITH BEING
RHO P I OR Al ~

~ ~ ~ ~ ~ » ~ ~ ~

0» 0130 0» 0090 FROM F IT ( ERROR I NCLUDES S CAL E FACTOR OF 1 0 )

R14
R14 J
R14 J
R14 J
R14 J
R14
R14 FIT

I/79+
1/79'

Rl 5 TAU+ INTO (NEU (T AU ) ~ GE ~ 3 CHARGED PARTI CL ES ) /TOTAL ( P 1 5 )

R15 692 0 ~ 32 0 ~ 05 BACINO 78 DLCO E+E- ECM=3 1-7 ~ 4GEV 1/79+
P 1

P 1» 1791+—
P 2 —»1651
P 9 0353
P 12 ~ 0341
P13 — 1222
P14 — 2216
P 16 — 2277

P 2
0153

~ 1698+- .0
2140
2 063.0202
0366

—.1154

P12 P13 P 14 P16

109
0424+- ~ 0 127

~ 0442 ~ 0824+ ~ 02 55
—~ 0043 —~ 0042 0726+-. 0506
—~ 00 78 —,0075 .0 27 1 1787+- 0687

~ 0247 ~ 023 8 ~ 0278 0 504 ~ 2 17 5+- ~ 04 1 0/7 0

2/79+
I /794
2/794
2/794
I/79'
I/79+

R16 TAU+- INTO (NEU(TAU) PI+-) +( E+- NEU( E) NEU(T AU ) ) ( P12 )s'( P2)
R16 A 23 0 015 0 ~ 006 ALEXAND2 78 PLUT E+E- ECM=3 ~ 6-5 GEV
R16 B 10 0»013 0 ~ 006 BACINO1 79 DLCO E+E- ECM=3 6-7 ~ 4GE V

R16 A ALEXANDERZ 78 QUOTE BR(PI ) = ~ 090+-.038(STAT +SYST ERRORS COMBINED IN
R16 A QUADRATURE) US ING BR (E )= 167+- ~ 010 ~ WE MPY BY 167 TO GET AB V. VA1 ~

Rlb B BACINO1 79 QUOTES BR(P I ) =0 ~ 080+-0 ~ 035(STAT ~ +SYST ERRORS COMBINED IN
R16 B QUADRATURE } ASSUMING BR(E }=0 16» WE MPY BY 0»16 TO GET ABOVE VAL ~

R16 ~ ~ ~ » ~ ~ ~ » ~

R16 A VG 0 ~ 0140 0 ~ 0042 AVERAGE ( ERROR INCLUDES SCAl E FACTOR OF 1 ~ 0 )

R16 STUDENT 0 0140 0 0046 AVERAGE USING STUDENT10(H/1 11} —SEE MAIN TEXT
R16 F IT 0 ~ 0140 0 0042 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 0 )

T AU+-
220
220

Rl
Rl
Rl
Rl
Rl
Rl 5 11
Rl
Rl AVG
Rl STUD ENT
Rl FIT

35 TAU BRANCHING RAT IOS

INTO {MU+-
0 ~ 15

(0» 19) (
0.175
0 22
0 ~ 22

~ ~ ~ ~ ~

0.168
0.168
0. 179

NE U( MU ) NE U( TAU) ) /TOTAL (Pl )
0 ~ 03 BURMFST1 77 PL UT A SSVMES V-A DECAY 12/77
0 04) BURMESTl 77 PLUT ASSUMES V+A DECAY 12/77
0.040 PERL 77 SHAG E+E- TO MV+- X-+ 12/77
0 ~ 1 0 0 ~ 07 CAVA LL IS F 77 S P EC E+ E— TO MU+- X-+. 1/78'
0 ~ 07 0 08 SMITH 78 SP EC E+E — TO MU+MU-XO 7/79''
~ ~ ~

0 022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0 }0.024 AVERAGE USINC STUDENT10(H/1 ~ 11} -- SEE MAIN TEXT
0.015 F ROM F IT ( ERROR I NCLUDES S CAL E FACTOR OF 1 »0 )

R17 TAU+- INTO (NEU(TAU ) RHO+-) +( E+- NEU(TAU) NEU( E) ) (P 16)+( P2) 12/79''
R17 0 ~ 0421 0 0090 ABRAMS 79 SMAG 12/79~
R17 ~ ~ ~ ~ ~ ~ ~ ~ ~

R17 FIT 0 0369 0 ~ 0069 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

R18 TAU+- INTO (NEU (TAU ) RHO+-) s'(MU+- NEU{ TAU ) NEU{MU) ) ( P 16)s'( P 1) 12 /79''
R18 0. 0329 0 ~ 0100 ABRAMS 79 S MAG 12/ 79''
R18 ~ ~ ~ »»» ~ ~

R18 FIT 0 0389 0 ~ 0072 FROM F IT ( ERROR INCLVDES SCALE FACTOR OF 1 0)

R2
R2
R2
R2
RZ
R2 F IT

~ ~ ~ »» ~ ~ ~ ~

0 170 0.0 11 FROM F IT ( ERROR INCt VDES SCALE FACTOR OF 1 ~ 0)

I/79+
I/79+
I/79~

0 (L+— NEU(L)
MEANS E OR MU

17 0 ~ 06
186 0 ~ 030
224 0 ~ 055
182 0.031
2 06) ( 0 ~ 036)
COMB INED STAT
V-A COUPLI NGt
V-A C0UPL I NG g

~ ~ ~ ~ ~ ~

186 0.018
186 0.020
1744 0 ~ 0085

T AU+- INT
WHERE L

P 105 0
8 144 0 ~

8 21 0.
8 13 0

B 13 (0.
8 WE HAVE
P ASSUMES
B ASSURES

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3 AVG
R3 STUDENT
R3 F IT

NEU(TAU) )/TOTAL SQRT (P is'PZ}
EQUALITY OF E AND MU MODES IS ASSUMED»
0 03 PERL 76 SM AG

PERL 77 SMAG
BARBARO-G 77 SMAG
BRAN DEL IK 78 DA SP ASSUME S V-A DECAY
BRANDELIK 78 DASP ASSUMES V+A DECAY

I STI CAL AND SYSTEMATIC ERRORS QUADRATI CALLY ~

TAU MASS-"1»8 GEV y TAU N EUTR INO MASS= 0 ~

TAU MASS=1 9 GEVe TAU NEUTRINO MASS=0

3/77
12/77
11/77

3/78
3/78
3/ 78

A VERAGE ( ERROR I NCL UDES S CAL E FACTOR OF 1.0 )
AVERAGE USING STUDENT10(H/l»11) -- SEE MAIN TEX}

F ROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

0
0
0.

TAU+- INTO (E+— NEU ( E) NEU(TAV ) )/TOTAL {P2)
8 459 0. 160 0.013 BACI NC 78 DLCO E+E- ECM=3. 1-7 4GEV
B BACINO 78 VALUE COMES FROM FIT TO EVENTS WITH E+- AND 1 OTHER
B NONE LECTRON CHARGED PRONG

PERL
PERL

BA RBARO-
BRANDEL I
BURMEST1
BURMiE ST2
CAVALL IS
PERL

75 P RL 35 1489
76 PL 63B 466

77 PRL 39 1058
77 P L 708 125
77 P L 688 297
77 P L 688 301
77 LNC 20 337
77 P L 708 487

AL EXAND1 78 PL 738 99
ALEXAND 2 78 Pl 788 162
BACI NO 78 PRL 41 13
BARTEL 78 P L 778 331

BRANDEL I 78 PL 73B 109
HE I LE 78 NP B 138 1 89
J AROS 78 P RL 40 1'120
SMITH 78 PR D18 1

REFERENCES FOR TAU(1800) HEAVY LEPTON

+ABRAMS, BOYARSKI BRE IDENBACH + (I BL+SLAC)
+F ELDMANeABRAMSe ALAMt BOYARSKI + (SL AC+LBL }

BARB ARO-GALT I ER I+ ( L BL+NW E S+ 5 LAC+HA WA )
BRANDE LIK + ( AACH+ DESY+HAMB+MPI M+I GKY )
BURMESTERwCR IEGE E + ( DESY+HAMB+SI EG+WUPG)
BURMESTERvCRIEGEE + (DESY+HAMB+SIEG+WUPG)
CA VA L L I-SF ORZA g GOGG I + ( PAVI+PRI N+UMD)
+F EL OMAN' ABRAMSy ALAMO' BOYARSKI+ {SLAC+LBl }

AL EXANDER p CR IEGE E+ ( DE SY+AACH+ S I EG+W UPG)
ALEXAiNDER+

'
(DESY+AACH+HAMB+5IEG+WUPG)

+FERGUSON' NODULMAN + (UCLA+S LAC+UCI+STON)
+D ITTMANNy DU INKERg OL SSONgONE ILL+( DESY+HEI 0)
BRAN DEL IK + (AACH+DESY+HAMB+ MPI M+TCKY) J
+PERL' ABRAMS gALAM g BDYARSKI+ (SL AC+LBL )
+ABRAMSgALAM+ ( SLAC+LBL+NWES+HAWA)
+FORDS MORSEg MANN gRESVANIS+ (COLO+PENN+ WI SC)

R4 T AU+
R4 PRE
R4. AND
R4 21
R4 21
R4 8 18
R4 8 BRA
R4
R4 AVG
R4 STUD ENT
R4 F IT

INTO E+- NEU( E } NEU{ TAV 1/MU+- NEV (MU] NEU(TAU) ( P2) /(P 1)
DICTED TO BE 1 FOR SEQUENTIAL LEPTON' 2 FOR PARAELECTRONg

1/2 FOR PARAMUGN ~ PARA ELECTRON Al„SO RULED OUT BY HEILE 78
0 92 0 37 BVRMEST2 77 PLUT ASSUMES V-A DECAY 12/77

(0 ~ 67) (0 ~ 28) BURMEST2 77 PLUT ASSUMES V+A DECAY 12/77
1 09 0 38 BRANDELIK 78 DA SP E+E- 3 ~ 1-5~ 2GEV EC M 12/78»'

NDELI K 78 QUOTES THE INVERSE OF THIS RATIO AS ~ 92+- ~ 32 12/784
~ » ~ ~ » ~ ~ ~ ~

1 00 0 ~ Z7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0}1.00 0 29 AVERAGE USING STUDENT10(H/1 ~ ll) -- SEE MAIN TEXT
0.95 0 11 FROM F IT ( ERROR INCL UDE S SCALE FACTOR OF 1 ~ 0)

R5
R5
R5
R5
R5
R5
R5
R5
R5

TAU+- INTO (MU+- NEU( MU) NE U( TAU) )&(E+- NEU( E) NEU(TAU) ) (Pl )& (P2 )
0 ' 034 0.006 ABRAMS 79 SMAG 12/794'

8 20 0. 034 0 009 BACI NO1 79 DLCO E+E- ECM=3 ~ 6-7 4GEV I/79+
B BAC IN01 79 QUOTE S BR (MU) =0 21+-0.058( STAT +SYST ERRORS COMB I NED I N I /79''
8 QUADRATURE ) ASSUMI NG BR (E) =0 16 ~ W E MPY» BY 0 16 TO GE T ABOVE VAL I/79+

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 0340 0 ~ 0050 AVERAGE l ERROR INCLUDES SCALE FACTOR OF 1» 0}
STUDENT 0 ~ 0340 0 0054 AVERAGE USING STUDENT 10(H/1 11) -- SEE MAIN TEXT
F IT 0.0304 0 0030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

ABRAMS 79 PRL 43 1555
ALEXANDE 79 PL 818 84.
BACINO1 79 P RL 42 6
BAC I NOZ 79 P RL 42 749

+Al AMg BLOCKERt BDYARSKI+ ( SLAC+ LB L)
ALEXANDER + (DESY+AACH+HAMB+SIEG+WUPP}
+FERGUSON' NODULMAN + {UCLA+S LAC+UCI+STON )
+FERGUSON' NODULMAN+ l UCLA+SLAC+UCI+ STON)

AZ IMOV 78 SPU 21 225
FELDMAN 78 SLAC-PUB-2224
PERL 78 SLA{;-PUB-2219

+FRANKFURTgKHOZE (LENI )
G. J ~ FELDMAN (TOKYO CONF 1978) ( SLAC)
M L» PERL (KARLSRUHE SUMMER INST 1978) (SLAC)

FL VGGE 79 ZP C 1 12 1
KIRK BY 79 SLAC-P UB- 2419

G ~ FLUGGE
J ~ KI RKB Y

( DESY)
( S LAC)

8 CHARGED PI ONl 140' JPG& 0--) I~ 1

REVIEWS

PERL 2 77 HAMBURG SYMP ~ ALSO I SSUED AS S LAC PUB 2022 y M ~ PERL (S LAC }
FLUGGE 77 MESON CONF» BOSTON ALSO ISSUED AS DE SY 77-35, G F LUGGE ( DES Y)

Rb TAU+- INTO( E+- GAMMA( S) + MU+- GAMMA( S) ) /TOTAL (P3+P4)
R6 B 0 12 OR LESS CL= 90 BURMEST2 77 PL UT E+E- 4-5 GE V ECM
R6 8 ASSUMES SAME MUgE MOM ~ SPEC ~ AS (MU E + NOTHING DETECTED) ~

12 /77
12/77 8 CHARGED PION MASS (MEV)

R7 TAV+- INTO{ E+- CHARGED PRONG + MU+- CHARGED PRONG)/TOTAL (P5+P6).
R7 8 0. 04 OR LESS CL=»90 BURMEST2 77 PLUT E+E- 4-5 GEV ECM
R7 8 ASSU IES SAME MUg E MOM ~ SPEC ~ AS (MU E + NOTHING DETECTED) ~

12/77
12/77

RB T AU+
R8 19
R8
R8
R8
R8 AVG
R8 STUDENT

INTO (HADRON+- NEUTRALS) /{ TOTAL) ( P7)
0 ' 45 0 ' 19 BARB ARO- G 77 SM AG
0 29 0 ' ll BRANDELIK 78 DASP ASSUMES V-A DECAY

(0 ~ 21 ) (0 10) BRANDELI K 78 DA SP A SSUMES V+A DECAY
~ ~ ~ ~ ~ ~ ~ ~ »

0.330 0 095 A VERAGE ( ERROR I NCLUDE S SCALE F ACTOR OF 1 ~ 0
0 ~ 33 0 10 AVERAGE USING STUDENT 10( H/1 ~ 1 1 ) SEE MAIN

11/77
11/77
3/78
3/78

)
TEXT

R 10 TAU+- INTO {3 HADRONS+- NEUTRALS) /TOTAL (PB)
R10 0 35 0 11 BRANDEL I K 78 DA SP ASSUMES V-A DECAY
R10 (0 38} (0 11) BRANDELIK 78 DASP ASSUMES V+A DECAY

1/78
1/78

3/78
3/78

TAIJ+-
A 21
A ALEX
A BR(E
A ABOV

Rl 1
Rll
R11
Rll
Rll
Rl 1
R11 FIT

INTO ( NEiJ RHOO PI+-) & ( E+- N EU NiEU ) (P9) &(PZ)
0 0072 0 ~ 0021 ALEXANDl 78 PLUT E+E- 4-5 GEV ECM

A NDERl 78 REPORTS BR (NEU RHOO P I ) =0 ~ 045+-0. 013 F OR
NEU NEU) =0.16 AND M(TAU ) =1 8 GEV W E MPY BY 0 ~ 16 TO GET

E VAL.
~ ~ ~ ~ ~ ~ ~ ~

0 0072 0 ~ 0021 FROM F I T ( ERROR INCLUDES SCALF FACTOR OF 1 0 )

3/78
3 /78
3/78

'3/78

R9 TAU+- INT 0 (K+- NEUTRAL 5 ) /TOTAL (Pll)
R9 B SMALL BRANDE{ IK 77 DASP 3 ~ 6-5 ~ 2ECM E+E-
R9 8 BRAN 0 EL IK 77 F IND 5 0 07+-0 ~ 06 K+- PER E VT I N E+E- --& E+- PRONG-+

M

M

M 5
M 8
M 5
M B
M

M

M M

M D
M S
M 8
M M

M M

M M

M D

M D

M

M AV
M ST
M FI

139~ 37 0 ~ 20 CROW E 54 C NTR
139~ 68 0 ~ 1 5 BARKAS 56 EMUL +

(139 577) (0 ' 013) SHAFER 67 CNTR — MESONIC ATOMS
( 139 549 } ( 0 008) BACKENSTO 71 CNTR — MESGNIC ATOMS
139~ 566 0 0 13 SHAF ER 72 CNTR — MESONIC ATGMS
1 39 ~ 569 0» 0 08 BACKENSTO 73 CNTR — MESONIC ATCIMS

139~ 571 0 0 10 BRANOAODO 76 C N TR — ME SONIC AT CMS

139.5686 0 ~ 0020 CARTER 76 CNTR — MESONI C ATOMS
139~ 5667 0 ~ 0024 MARU SHENK 76 CN TR — MES CNIC ATOMS

( 139~ 5652 ) (0 ~ 0019 ) DAUM 78 SPEC + PI+ --& MU+ NEU
SHAFER 72 UPDATES SHAF ER67 WITH NEW ALPHA AND NEW CALI 8 L INE ENER ~

BACKENSTOSS 73 CORRECT5 BACKENSTOSS 71 WITH NEW VACUUM POL ~ CALC ~

THI S MARUS HENKO 76 VALVE US EO AT AUTHORS REQUEST BECAUSE IT USE S
ACCEPTED SET OF CALIBRATION GAMMA ENERGIES ~ ERROR INCREASED FROM
»0017 TO I NCLUI3E Q EO CALC ERROR. OF ~ 0017 ( 12 PPM) ~

DAUM 78 VALUE DEPENDS ON ASSUMED MU+ MASS M( MU ) = 105 ~ 65948+- ~ 0003 5
ENTERS OUR FIT VIA PI-MU MASS DIFF BELOW WHICH IS I NDEP OF M(MU)

~ ~ ~ ~ ~ ~ ~ »»
G 139.5679 0.0015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
UDENT 139~ 5679 0 ~ 0016 AVERAGE USING STUDE NT10(H/1» 11} -- SEE MAIN
T 139~ 5669 0»0012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I ~ 0)

6/68
10/71

1/73
I/73
1/78
6/77

12/77
2/78
1/73
1/73
3/78
3/78
3/78
2/78
2/78

TEXT
2/8 Os'
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S68 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

D

D
D 145
D

0
D

0 AVG
D STUDENT
D FIT

8 (

PI+�)

— (MU+ ) MA SS DIFFERENCE ( MEV)

34 00
33 ~ 89
33.881
33. 92 5
33 90 57

0 076
0 076
0 035
0 025
0 ~ 0019

BARK AS
BARKAS
HYMAN
BOOTH
DAUM

56 E MUL
56 E MUL
67 HE BC + K-HE 2/71
70 CNTR + MAGNETIC SPECT 2/71
78 SPEC + SEE NOTE D ABOVE 2/78

~ ~ ~ ~ ~ » ~ \ ~

33» 9058 0, 0019 A VERAGE ( ERROR I NCLUDE 5 SCALE FACTOR OF 1 ~ 0 )

33 ~ 905S 0 ~ 0020 AVERAGE USING STUDENT10(H/1» 11) -- SEE MAIN TEXT
33, 9074 0.0012 FROM FIT ( ERROR I NCLUOES S CAL E FACTOR OF 1 ~ 0 ) 2/80¹

BACASTOW 65 PR 139 B407
BERTRAM 65 PR 139 B 617
DUNA ITS E 65 J ETP 20 58
EC KH AUSE 65 PL 19 34S

BA RDCN 66 P RL 16 775
DUNAITSE 66 PL 23 283
KI NS EY 66 PR 144 1132
LOBKONIC 66 PRL 17 548

HYMAN 67 PL 25B 376
NORDBERG 67 PL 24B 594
SHAF ER 67 PR 163 1451

A LSO 65 PRL 14 923

+GHESQUI ER Et W IEGANDt LAR SEN ( LRL+ SLAC )
BERTRAHt MEYER, CARRIGAN+ ( MICH+CARNEGIE )
DUNA ITSEV t PETRUKHI Nt PROKGSHKI N + ( DUBNA)
ECKHAUSE t HARRIS t SHUL ER+ (W ILL IAM AND MARY)

BARDON t DOREt DORFANt KRI E GER + ( COLUMBIA )
+KUTYI N PROKOSHKI N RASUVAEV SI MONOV (DU BNA)
KINSEYt LOBKGWI CZ tNORDBERG (ROCHE STER UNIV)
LOBKOW ICZt MEL ISS INOSt N AGASHIMA+ (RCCH+BNL )

+LOKEN PEW ITT DERR ICK + (ANL+CARN+NWES)
NORDBERGt LOBKOWICZt BURMAN (ROCHESTER UNIV)
ROBERT E SHAFER ( LP. L )
SHAFERt CROWEt JENKINS (LRL)

8 ((PI+) — (PI-) )/AVG t MASS DIFFERENCE (PERCENT)

DM 0 ' 02 0.05 AYRE S 71 C NTR 3/71

8 CHARGED PION MEAN LIFE (UNITS 10¹¹-9)
0 ~ 5
0. 8
0 ~ 32
0 04
0 3
0 ~ 3

(0 08)
RORS IN

0.24
0 05
0.04
0 F 08

25 ~ 6
25 6

0 25 46
26. 02
25» 6
25 ~ 9

( 26 40)
SYST EMAT IC ER

26 ~ 67
26 ~ 04
26. 02
26. 09

T
T
T 800
T
T
T
T N

T N

T
T
T
T
T
T AVG
T STUDENT

~ ~ » ~

0 ~ 023
0 ~ 025

~ ~ ~ ~ ~

26 ~ 030
26 028

0 ~ 5 CROW E
0 8 ANDERSON
0. 3Z ASHK IN

ECKHAUS E
BARDGN
DUNA ITSE V

KI NS EY
CAL IB R ~ IN THI S EXP

LQ BKOW IC Z

NQRDBERG
AYRES
DUNAITSEV

57 RV UE
60 CNTR
60 CNTR +
65 CNTR +
66 CNTR
66 CN TR
66 CNTR +

~ DI SCU SSED 8 Y NORDBE RG 67
66 CN TR
67 CNTR +
71 CNTR +-
73 CNTR +

9/ee
6/66
6/68
6/66
8/67
9/66
8/67
3/71
3/74

0 ~ 023 AV ERAGE ( ERROR IN CL ~ SCAL E F AC TQR OF 1 ~ 0)
0 025 AVG BY STUDENT10(H/1 11) —SEE MAIN TEXT

8 ( ( PI+) — (PI —) )/AVG t MEAN LIFE DIFF ~ (PERCENT)

DT N T HIS QUANT IT Y IS A MEASURE OF CPT INVAR I ANCE IN W ~ I ~

DE FGMHI E
PETRUKHI
BOOT H

AYRE S
ALSO
ALSO
ALSO
ALSO

BACK ENST
ALSO

KORENCHE
SHAF ER
BACKENS T

AL SO
DUNA ITS E

BRYMAN
BRANDAOD
CARTER
KORENCHE
MARUSHEN

ALSO
ALSO

DA UiM

ST ETZ

68 NP 84 189
68 J I NR- P 1-3862
70 PL 32B 723
71 PR 3D 1051
67 PR 157 1288
68 PRL 21 261
69 UCRL —1 8369
69 PRL Z3 1267

71 PL 36B 403
70 THESIS
71 S JNP 13 189
72 PR IVAT E COMM.
73 PL 43 8 539
73 SUBMI TTED TO NP'
73 S JNP 16 292

75 PR D 11 1337
76 ZNAT 31A 1150
76 P RL 37 1380
76 J ETP 4!+ 35
76 JETPL 23 72
76 PRI VATE COHM»
78 PRI V AT E COMM ~

78 PL 74B 126
78 NP B 138 285

DEPOMMI ERt DUCLOSt HEI NTZ Et KL EINKNECHT+(CERN)
PETRUKHI Nt RY KALI Nt KHAZI NS t CIS EK ( DU BNA )
+JOHNSONt WILLIAMS, WORMALD (L IVP)
~CORMACKt GREENBERGtK ENNEY + ( LRLt UCSB)
AYREStCALDWELLtGREENBERGtKENNEYtKURZ+ (LRL)
AYREStCORMACKtGR EENBERGtKENNEY+ (LRLtUCSB)
DAVID S AYRES (THESIS) {LRL)
GREE NB ERG t AYRE S t CGRMAC K t KENNEY+ (LRL t UCSB )

BACKENSTGSS t DANI ELt KOCH+ (CERNt KARL t HEID)
C ~ VON DER MAL SB URG (HEIDELBERG)
KQRENCHENKOt KOST INt MICELMACHER+ (J INR)
R SHAF ERt 1972 (F NAL )
BACKENSTOSSt DANIELt KOCH+ (CERN+KARL+MUNICH)
LE TAUSCHER
DUNA I TSE V t PRO KOSHK IN t RA ZUVAE V+ (SERP)

+P I CC I GT TO ( UNI V OF V I CTORI A)
BRANDAG 0 'OLIVER At DANI E Lt VON E GIDY+ (MUNC)
+DI XI T t SUNDARESAN+ (CARL+CNRC+CHI C+CIT )
KORE NCHENKOt KOSTINtMICELMACHER+ ( JINR)
MARUSHENKOt MEZ EN TS EV t P ETRUN IN+ (LENI)
R ~ SHAF ER (FNAL)
A ~ I ~ SMIRNOV { LENI )
+EATON t F RGSCHt HI RSCHMAN list MCCUL LOCH+ ( SIN )
+CAR ROL{ t ORTENDAHL t PERE Z-MENDE Z+ ( LBL+UCLA)

PAPERS NOT REFERRED TO IN DATA CARDS

DT
DT L

QT
OT
DT
DT
DT AVG
DT STUDENT

~ ~ ~ » ~

0 ~ 053
0. 053

0.23
ABOVE IS Ti-E

0
-0 14
0. 055

9/66
9/66
7/66
8/68
3/71

0.40 LOBKGWIC Z 66 CNTR SE E NOT E L

MOST CONSERVATIVE VALUE QUOTED BY AUTHOPS
0. 7 BARDGN 66 CNTR
0 ~ 29 PETRUKHIN 68 CNTR
0.071 AYRES 71 CNTR

~ ~ ~ ~

0.068 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0.0 73 AVERAGE USI NG STUDE NT10 (H/1 ~ 1 I) —S EE MAIN T EXT

CARTWRIG
MERRISGN
SHAPIRO
CZ IRR
CARRIGAN
Nj LKI N

53 PR 91 677
62 ADVP I. 1 1
62 PR 125 1022
63 PR 130 341
68 NP 86 662
80 JPG 6 L5

CARTWRIGHT tRICHMANt W HIT EHEADt W ILCOX ( LRL ) J
A W MERRI SON ( L I VERPGQL )
G SHAPIROt L M LEDERMAN ( COL UM BI A )
JOHN B CZIRR {LRL)
R ~ A. CARR I GAN JR. (CARN)J
C ~ WILKIN (LQUC)P

¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹'¹¹¹¹'¹ ¹¹¹¹¹¹¹¹¹

Pl
P2
P3
P4
'P5
pe

CHAR
C HAR
CHAR ~

CHAR
C HAR.
CHAR

PION
P ION
PION
PION
P ION
PIGN

8 CHARGED PION PARTIAL DECAY MODES

IVTG MU (MU-NEU )
INTO E { E-NEU)
INTO MU (MU- NEU ) GAMMA

INTO PI 0 E ( E-NEU)
INTO E NEU GAMMA

INTO E NEU E+ E—

DECAY MA

105+ 0. 5+ 0
10 5+ 0+
134+»5+.5+ Q+

5+ Q+

SSES

0
0
0.5+ .5

8 CHARGED PION BRANCHING RATIOS

Rl CHAR ~ PION INTO MU NEU GAMHA (UNITS 10¹¹-4) - ( P3) /(Pl)
Rl 26 1.24 0 ~ 25 CASTAGNOL 58 EMUL E (MU) ~ LT ~ 3 ~ 38 MV

RZ
R2
R2 D
R2 0
RZ 0
R2
R2 A

R2 S

CHAR. P IQN INTO E NEU ( UNITS 10¹¹-4) (P2) /(Pl )
1 ~ 21 0 ~ 07 ANDERSON 60 CN TR

( 1 ~ 247) { 0 ~ 028) Dj CAPUA 64 CNTR
1 274 0.024 BRYHAN 75 RVUE

BRYIUIAN 75 I S A RECALC OF Dj CAPUA 64 EXPT US I NG L AT EST P I L IF ET IME
~ ~ » ~ ~ » \ ~ ~

VG 1.267 0.023
TUDENT 1 ~ 268 0.025

1 1/75
9/75
9/75

AVERAGE ( ERROR INCLUDES SCAL E FACTQR OF l»0)
AVERAGE USI NG STUDE NT1 0 (H/1 ~ 1 1 ) —S E E HA IN TEXT

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

' CHAR ~

D 52
D 36
D 38
D

0 43
332

PICiV INTO
(1 15)

0 ' 97l. 07
1 10
1 ~ 1
1 00

PIQ E
( 22)
0 20
0 ~ 21
0 ~ 26
0 2
0 08

(P4) /(Pi)
e3 CNTR +
64 QSPK +
65 OSPK +
65 OSPK +
65 CNTR +
68 CNTR +

NEU (UNITS 10¹¹-8 )

DE POMMI 1
BARTLETT
BACA STOW
BERTRAM
DUNAITSEV

0. 10 DE POMMI E R

2/72

6/66
7/ee
3/eS

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 1 QZ 3 0 ~ 069 A VERAG E ( ERROR I NCLUDES SCAL E FACTOR OF 1»0 )
STUDENT 1 023 0 ~ 074 AVERAGE USING STUDENT10(H/1 ~ 11) —— SEE MAIN TEXT
D DE POMMI ER 68 STATES THAT THE RESULT GF DEPQMMIER 63 IS AT L EAST 2/72
D 10 PERCENT TOQ LARGE BECAUSE OF A SYSTEMATIC ERROR I N THE PIQ 2/72
D DETECTICN EFFICIENCY. THIS MAY BE TRUE OF ALL THE PREVIOUS 2 /72
D MEASUREMENTS ACCORDIN" TO DEPGMMIER 68 AND V ~ SOERGEL PRIVATE 2/72
D CGMMUN ICAT IONt 1972»

9 NEUTRAL PION(135t JPG=Q--) I=1

9 (P I+-) — ( PIG) MASS DIFFER ENC E (MEV)

D

0
D

0
D

D

D

D

D

0
D AVG
D STUDENT

(5 ~ 37)
4 50

62
4 ' 60
4. 55
4.e9
4 ~ 6056
4. 59
4.6034

~ ~ ~ » ~

4 ~ 6043
4 ~ 6043

(1 ~ 0)
0 31
0.05
0 ~ 04
Q. 07
0.07
0 0055
0.03
0 ~ 0052

~ ~ ~ ~

0 ~ 0037
0 ~ 0 040

PANOFSKY 51
CHI NOWSKY 54
HA DDQC K 59
HILLMAN 59
CA SSELS 59
SAMIQS 60
CZ I RR 63
PETRUKHI N 63
V AS IL EVSK 66

CNTR
CNTR
CNTR
CN TR
CNTR
HBC
CNTR
CNTR
CN TR

2/72

9/66

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10{H/1 11) —— SEE MAIN TEXT

9 NEUTRAL PION MEAN LIFE ( UNITS 10¹¹-16)
( 0. 5)
{1.0)
(0 ~ 9)

0 ~ 18

T N 76
T N 45
T N 88
T
T N 75
T
T N 67
T K 232
T
T
T 8
T N QLD
T N SHI
T K INC
T 8 BRG
T

T AVG
T STUDENT

6/66
6/66
8/67
7/70

12/70
7/75

8/67
11/75

1 ~ 8)
TEXT

(1 9) (0 5) GLASSER 61 EMUL
(2 ' 3) (1 ~ 1) TI ETGE 62 EMUL
(2 ~ 8) ( 0 ~ 9) KOLLER 63 EMUL SEE STAMER 6e

1 ~ 05 0 ~ 18 VON GARDE 63 CN TR
(1.7) (0 5) SHWE 64 EMUL

0 730 0 ~ 105 BELLETTI N 65 CNTR
(1 ~ 6) (0 6) (0 ~ 5) EVANS 65 EMUL

1 ~ 0 0 ' 5 STAMER 66 EMUL
0 ~ 56 0 ~ 06 BELL ETTIN 70 CN TR PRIM. EFF ~ CN NUC
0 9 0.068 KRYSHKIN 70 CNTR PRIHAKOFF EFF ECT
0 ~ 82 0 ~ 04 BRGWHAN 74 CNTR P RI MAKOFF EFF ECT

E MULS I ON HEASUREMENTS NOT USED BECAUSE OF POSSI BLE SYSTEHATIC
F T TO LARGER MEAN LIF E VALUES ~

LUDES EVENTS OF KOLLER 63
WMAN GIVES P j0 WIDTH=8 ~ 02+- ~ 42EV ~ MEAN L IFE IS HBAR/WI DTH ~

~ ~ ~ ~ ~ » ~ ~ ~

0 ~ 828 0 ~ 057 0 ~ 053 AVERAGE ( ERROR INCL .SCALE FAC TOR OF
0» 835 0» 03S 0 ~ 035 AVG BY STUDENT 10(H/1» 11 ) —SEE MAIN

( SE E ID EOGRAH BELOW )

R4
R4 E
R4 S
R4 E
R4 E

R4 S
R4 S

R5
R5
R5

CHAR ~ PION INTO E NEU GAMMA ( UNI T S 10¹¹-8) (P5) /(Pl)
143 (2 15 ) (0 ~ 5 ) DEPCMMI 2 63 CNTR + GAM KE 50-90 ME V

226 5 ~ 6 0 ~ 7 STET Z 78 SPEC + E MOM &56 MEV/C
DEPOHMIER e3 VALUE IS CORRECTED FOR THE LATEST VALUE OF THE PIO
{.I FET IHE ( 0.828+-0 057 E-16) SEE FOOTNOTE 10 OF DEP QMMI ER 77
STETZ 78 I S FOR E-GAMMA OPENING ANGLE &132DEG ~ QBTA INS 3 7 WHFN

USI VG SAME CUTQFFS AS DEPOMMIE R ~

CHAR ~ PION INTO E NEU E+ E- (UNITS 10¹¹-8) ( P6) /( Pl )
3.4 OR LESS CL= 90 KORENCHEN 71 QSPK +
0. 48 QR LESS CL=» 90 KORENCHEN 76 SP EC +

12 /77
12/79¹
12/77
12/77
12/79¹
12/79¹

10/71
1/78

Pl
P2
P3
P4
P5
P6

P IQ I NTQ
P IQ I NTQ
PI 0 I NTO
P IQ INTO
P IO I NTQ
P IO I NTO

9 NE UTRA L PI ON PARTI AL DECAY MODES

2G AMMA

E+ E- GAMM A

4ELECTRGNS
3 GAMMA

4 GAMMA
E+ E—

DECAY MA

0+ 0. 5+ .5+
5+ 5+
Q+, 0+
0+ 0+.5+ .5

SSES

0.5+ .5
0
0+ 0

ANDE RSGN
ASHKI N

DE PG MiMI 1
DE FCMMI 2

AI SQ
BARTL ETT
DI CAPUA

60 PR 119 2050
60 Nc 16 490
63 PL 5 61
63 PL 7 285
77 P RL 39 1113
64 P R 1368 1452
64 PR 1338 l333

CRONE 4 PR 96 470
BAikKAS 56 PR 101 778
CRQN E 57 NC 5 541
CASTAGNC 58 PR 112 1779

REFERENCES FOR CHARGED PION

K M CRQWEt R H PHILLI PS ( LRL)
W H BARKAS t W BI RNBAUMt F M SMIT H (LRL )
K M CRONE ( STANF ORD HE PL )
C CASTAGNGL It H HUCHNIK {RGMA)

H L ANDERSON, T FUJI I tR H MILLE R + {EFI )
ASHKINtFAZZINI t F I DECAROt L IPMAN + ( CERN )
DEPOMMIERt HE I NTZE t RUBBI At SOERGEL (CERN)
P DEPGMMI ERt HEINTZEt RUBBIAt SOERGEL (CERN)
DE PG MHI E R MART I N+ ( MONT+ BRCO+T R IU+V ICT+H EL B )

BARTLETT t0 E VGNS t ME YE R t R CSE N (COLUMBI A)
DI CAPUAt GARLAND t PGNDRO M ~ STR ELZ OFF ( COL U)

Rl P I 0
Rl
Rl 27
Rl 3071
Rl S SAM
Rl
Rl AVG
Rl STUDENT

9 NEUTRAL P ION BRANCHING RAT IOS

(P2) /(P 1)
QUANTUM EL ECT ~ 9/66

INTO (GAHMA E+ E-)/(2GAMMA) (PERCENT)
{1.196) THEORE T. CALC. JOSEPH eQ

1 ~ 17 0 ' 15 BUDAGQV 60 HBC
1 ~ 166 0.047 SAMIOS 61 HBC P I—P TQ PI 0 N.

IOS VAL UE USES PANOFSKY RATIO = 1 ~ 62
~ ~ ~ ~ ~ ~ » ~ ~

1 166 0 045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
1 ~ 166 0 ~ 048 AVERAGE USING STUDENT10(H/1 1 1) —SEE MAIN TEXT
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Particle Data Group: Review of particle properties S69

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
m'. 5

R2
RZ
RZ
R2
R2

PIO INTO (3 GAMMA) /TOTAL (UNI TS 10¹¹-6)
D 0 4.9 OR LESS CL= ~ 90 DUCLOS 65 CNTR
0 4. 9, OR LE S 5 CL= 90 KUTI N 65 CNTR
0 THES E EXPTS GIViE BR(3GAMMA/2GAMMA }&5~ 0¹10¹¹-6

0 1 ~ 5 OR LESS CL= ~ 90 AUERBAC1 78 CNTR

( P4}
6/66
3/68

I/79¹

14 ETA(549' JPG=O-+1 I=O

R3 P IO I NTO ( E+E+E-E-)/ (2 GAMMA) (UNITS 10¹¹-5) {P3) /( P 1)
R3 146 3. 18 0 30 SAMIClS 62 HBC S EE NOTE N BELOW
R3 3 28 THEOR ET CAL C ~ MI YA ZAKI 73 QUANTUM ELECT ~

R3 N ABGVF VALJE USES PANQFSKY RATIO = 1 62

R4 P IO I NTO (4 GAMMA }/TOTAL (UNITS 10¹¹-5) ( P5)
R4 A 0 6. 0 QR LESS CL= ~ 90 ABRAMS 73 AS PK
R4 A ABRAMS 73 GI VE S BR ( 4GAMMA/2GAMMA 1 &6.1¹10¹¹-5~

R4 0 3 ~ 8 QR LES S CL= ~ 90 AUFRBAC2 78 CNT'R

R5 P IO INTO (E+ E- )/TOTAL {UN ITS 10&¹-6) (P6) /(Pll
R5 0 2 0 GR LESS Cl = 90 DAVI ES 74 RVUE
R5 8 0 ~ 223 0 ~ 240 Oe 110 F I SCHER2 78 SPRK K+ EXPT ~ CL= ~ 90
R5 0 DAVI ES 74 EXTRACTS THIS INFGRMAT ICN FROM BLOCH 75 K+ EXPERIMENT

6/66
2/76

8/73
8/73

2/79¹

12/75
12/75
6/78¹

12/75

549 0
546 0
548, 0
549 ~ 3

148 549+ 0
325 552 0

548 2
250 555. 0

53
35
Sl

~ ~ ~ ~

A VG 548 ~ 82
STUD ENT 548~ 72

14 ETA MA SS ( ME V)

1 ~ 2
4 0
1 ~ 0
2 9
0 7
3 ~ 0
0 ~ 65
2 0

~ ~ ~ ~

0.56
0.44
(SEE

BASTIEN 62 HBC
PICKUP 62 HBC
ALFF 62 HBC
DE LC OURT 63 CNTR
FGELSCHE 64 HBC
KRAEMER 64 DBC
FQSTFR3 65 HBC
JA MES 66 HBC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,41
AVERAGE USING STUDENT10(H/1 ~ I 1 } —SEE MAIN TEXT

IDEOGRAM BELOW )

7/66
6/66

WEIGHTED AVERAGE = 1.207 + Q. OBO

ERROR SCALED BY 1.B
}WEIGHTED AVERAGE = 54B .B2 + 0 .56

ERROR SCALED BY 1.4

~ BRG}OMAN

KRYSHKIN
BELLETTIN
STAMER
BELLETTIN
VON DARDE

74 CNTR
70 CNTR
70 CNTR

66 EMUL

65 CNTR
63 CNTR

CHISQ
0.0
1 ~ 3
B.9

0 ~ 7
2. 3

.13 ~ 2
( CONLEV
=0;010)

540 545 SSO 5SS
ETA MASS (MEV)

JAMES
FGSTER3

. KRAEMER
FOELSCHE
DELCOURT
ALFF
PICKUP
BASTIEN

560 S65

66 HBC
65 HBC
64 DBC
64 HBC
63 CNTR
62 HBC
62 HBC
62 HBC

CHISQ
9 ~ 6
0.9l.1
0.1
0.0
0 ~ 7

0.0
'12 .4

(CONLEV
=0.054)

- NEUTRAL PI DECAY RATE(UNITS 10'{16SEC-1)

9 NEUTRAL PION ELECTPQMAGNETIC FORM FACTOR

LINEAR COEFFICIENT OF P IO
( —0 ~ 15) {O. 10}

3071 (-0 24. ) (0 ~ 161
2200 (+0 01) (0 11)

F 30K +0 10 0.03
F ERROR ST AT I ST I CAL ONLY ~

ELECTROMAGNET IC FORM FACTOR
KQBRAK 61 HBC NO RAD CORR ~

SAMIGS 61 HBC NQ RAD CGPR.
DEVONS 69 OSPK NO RAD. CORR ~

F I SCHER1 78 SP EC RAD CQRR ~

RESULT WITHOUT RAD ~ CORR. =+0.05+—0.03.

REFERENCES FOR NE UTRAL PION

THE AMP LI TUD E FOR THE PROCESS PI 0 —-) E+ E- GAMMA CONT AINS A

FORM FACTOR GAMMA(X¹¹2) AT THE (PI 0 GAMMA GAMMA) VERTE X

WHERE X=MASS {E+E-}/MASS ( P IO } THE PARAMETER A IN THE LINEAR
EXPANSION GAMMA(X¹ ~ 2) =I+A¹( X¹¹2} I S LI STED BELGW

2/80¹
2/80¹
2/ 80¹
2/80¹
2/80¹

14 E TA WI DTH

W

W

W

W

F IT

(UNITS MEV )

62 HBC
64 HBC
66 HBC
66 DBC
66 CN TR

FROM MASS SPECTRUM
ALFF
FOELSC HE

JAMES
BAL TAY

CL= 95 JONES

ETA Wj DTH DETERMINED
91 ( 10 0) OR LESS

148 (10.0) OR LESS
31 ( 12 ~ 0} QR LESS

(4 ~ 0) OR LESS
( ~ 9} OR LESS

ET A W I 0TH DET ERMINE D FROM DECAY RATE ( UNITS KE V)
THI S I S THE PARTIAL DECAY RATE ( Wl ) FOR THE MODE (ET A INTO 2GAMMA)

DIVIDED BY THE F ITTED BRANCHING FRACTI ON ( Pl) FOR THAT MODE.

~ ~ ~ ~ ~ ~ I ~ ~

0. 85 0. 12 FROM F IT

6/66
7/66
8/67

PANQF SKY 51 PR 81
CHINQWSK 54 PR

' 93
CASSELS 59 PPS 74
HA D DOCK 59 P RL 3
HI LLMAN 59 NC 14

565
586

92
478
887

BUDA GOV
JQ SE PH
SA MIGS
GLASSER
KQ BRA K

SA Ml OS
SAMI OS
T IETGE

60 JETP 1 1 755
60 NC 16 S97
60 NC 18 154
61 PR 123 1014
61 NC. 20 1115
61 PR 121 275
62 PR 126 1844
62 PR 127 1324

CZ IRR 63 PR 130 341
KGLLER 63 NC 27 1405

ALSO 66 STAMER
PETRUKHI 63 S IENA CONF 208
VC'N DARD 63 P L 4 51

BUDA GOV~ VIKTGR gDZHELEPOV ~ERMGLOV +
D W JOSEPH
N P SAMI OS (
R G GLASS ERy N SEEMAN y B STILLER
H ~ KQBRAK
N P SAMIGS ( COLU
SAMIOSgPLANOgPRODELL + ( COLU

J TIETGE gW PUESCHEL (MAX PLA

( J INRI
( EFI )

COLUMBIA)
( NRL)
{EFI )

MB I A+ BNL)
MBIA+BNL )
NCK I NST )

JOHN B CZI RR
E L KGLL ER g S TAYLOR' T HUE TTER

(LRL 1

(STEVENS)

V I PETRUKHINg YU D PROKOSHK IN ( JINR)
VON DARDEL DEKKERSyMERMQD, VAN PUTTEN+(CERN)

W K H PANOF SKYE R L AAMODTp J HADLEY ( LRL )

W CH INOWSKY J STE I NB ERG ER (COLUMBIA)
CASSELSg JONES gMURPHY p 0 NEILL {LIVERPGQL )'

HADDDCK, ABASHI AN gCROWE gCZI RR ( LRL)
HILLMAN' MIDDELKOOPg YAMAGATAy ZA VATT INI (CERN)

Pl
PZ
P3
P4
P5
P6
P7
PB
P9
P10
Pll
P12
P13
P 14
P15
P16

ETA I NTO
ETA I NTO
ETA I NTO
ETA I NTO
ET A INTO
ETA I NTO
ETA I NTO
ETA I NTO
ETA INTO
ETA INTO
ETA I NTO
ETA INTO
ETA I NTO
E TA I NTO
ET A INTO
E TA I NTQ

14 ET A PARTIAL DECAY MODES

2G AMMA

3P IO
PI+ PI — PIG
PI+ PI — GAMMA

E+ E- PIO (VIOLATES C IN E M I
E+ E- P I+ P I-
PI 0 2GAMMA
E+ E- GAMMA

2P IO GAMMA ( VIOLATES C)
P I+ Pj- P IO GAMMA

P I+ P I — 2G AMMA

MU+ MU-
MU+ MU- GA MMA

MU+ MU- PI 0
P I+ PI-
E+ E—

DECAY MA SSES
0+ 0

134+ 134+ 134
139+ P 39+ 1 34
139+ 139+ 0
134+ .5+ .5
139+ 1 39+ ~ 5+
134+ 0+ 0

5+ 5+ 0
134+ 134+ 0
139+ 139+ 134+
139+ 139+ 0+
105+ 105
10 5+ 1 05+. 0
105+ 105+ 134
139+ 139.5+ .5

5

SHWE 64 PR 1368 1839
BELLETTI 65 NC 40 A 1139
DUCLOS 65 PL 19 253
EVAiN5 65 PR 139 8 98Z
KUTIN 65 JETP LETT 2 243

STAMER 66 PR 151 1108
VAS!LEVS 66 PL 23 281
DEVONS 69 PR 184 1356
BELL ETT I 70 NC 66A 243
KRYSHK IN 70 JETP 30 1037

ABRAMS 73 PL 45B 66
iMI YA ZAK I 73 PR D8 2051
BROW MAN l 4 P RL 33 1400
CAV I ES 74 N C 24A 324

AUERBAC 1 78 PRL 41 275
AUERBAC2 78 Pl 788 353
F I SCHER1 78 PL 738 359
F ISCHER2 78 PL 738 364

H SHWE, F M SMITHS' W H BARKAS ( LRL)
BELl ETTI NI BEMPORAD BRACCINI+( PIS A+F IRENZE )
DUCLOS pFRE YTAGgHE I NTZE + (CERN+HE IDELB ERG)
D A EVANS ( OXFORD l

KUTI Ng PETRUKHI Ng PROKOSHKIN (J INR)

STAMERg TAYLOR, KOLLER, HUETTER+ (STEVENS)
VASILE VSKYgVI SHNYAKOVeDUNAITSEV + (DUBNA)
+NEMENTHYg NISSIM-SABATg DI CAPUA+(COLU+RGMA)
BELLETTINI pBEMPORADg LUBELSMEY+ (P ISA+BCNN)
+STE RL IGOV, USGV ( TCMSK PGLYTE CH. I NST ~ )

+CARROLL KYCIA LI MICHAEL MOCKETT + (BNL}
T M I YAZAK I p E ~ TAKASUGI ( TOKY}
+OEWIRE GITTELMAN HANSON+ (CORN+B ING)
+GUY gZ IA ( 8 I RM+RHE L+SHMP)

+AUERBACH HIGHLAND JOHNSON + (T EMP+LASL }
+AUERBACHg HI GHLANDt JOHNSON' + ( TEMP+LASL)
+ EXTERMANN r GUI SA Nt ME RMODt+ (GEVA+SACL )
+E XTE RMANN sGUI SAN t MER MOD vMORE L+ (GEVA+ SAC L)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 7P 1 P 8
P 1 3 799+- 009 8
P 2 - ~ 2691 ~ 2990+- ~ 0106
P 3 — 3224 —~ 2353 .2358+- ~ 0056
P 4 —~ 2866 — 2095 ~ 8 20 1 o 0489+- 001 3
P 7 —~ 4271 — 5781 —~ 0939 —.0801. ~ 0314+- 0109
P 8 —~ 0434 —.0326 — 0494 —~ 0501 — 0036 .0050+-.0012

P 4P 3P 2

The imatrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P. , as tollows: The diagonal elements are P. + 8P. , where
1

6P. = Q(5P. iSP.), while the off-diagonal elements are the normalized correlation coeffi-
1 1 1

cients (6 P.6P. ) /(6P, - 6P.). F' or the definitions of the individual P. , see the listings
i j 1 1

above; only those P, appearing in the matrix are assumed in the fit to be nonzero and
1

are thus constrained to add to i.

¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹
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870 partic}e Data Group: Review of partic}e properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

I ITTED PARTIAL DECAY MODE RATES

G 3

The matrix below is the branching fraction matrix above, transformed into rate
I. = 1 P. , in appropriate units. In analogy to the matrix above,space; i. e. , G.

the diagonal elements are G. + &G. , where 5G. = +(6G.&G.), while the off-diagonal
1 1

elements are the normalized correlation coefficien s ( . .) /(nts (5G. &G.) /(6G. 5G. ) . Note that,
because of the error in I' the errors and correlations here are not directly derivable

t.ota. l
from those above.

G 1 G 2 G G 7 G 8
G 1 .3240+—.C460
G 2 .9386 2550+- ~ 0385
G 3 ~ 9689 ~ 9513 ~ 2011+-~ 0294
G 4 9646 9471 1 0097 .041 7+- 0061
G 7 .3661 e 302 8 ~ 4240 ~ 4226 ~ 0 268+- ~ 0104

5178 ~ 5C82 5233 ~ 5199 2318 0043+- ~ 0012

R3 ET A

R3 S
R3 THE
R3 OF T
R3 SUGG
R3
R3 R
R3 S
R3 S SEE
R3
R3
R3
R3 R 16
R3 R SCH
R3 E
R3 E THI
R3 E TG
R3
R3 AVG
R3 STUDENT
R3 F IT

6/6o

8/67
13./67
8/67

12/70
6/70

12/70
12/70

5/71
2/71
2/71

INTO (P IO 2GAMMA)/NEUTRALS ( Pj) /( Pl+P2+Pj}
(0 375) (0 072 ) DI GIUGNO 66 CNTR ERROR DDUB LED

ERRORS OF DIGIUGNO+ 66 HAVE BEEN INC REASED BY A FACTOR
WOg TO TAKE INTO ACCOUNT POSSI BLE SYSTEMATIC ERRORS' AS
E STED BY THE A UTHDRS ~

27 ~ 10 GR UNHA US 66 OS PK
( 028} ( 044) BUNI ATOV 67 OSPK
( ~ 244) ( e 05) FE LD MAN 67 OS PK

THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE ~

026 ~ 019 BUTTRAM 70 OS PK.1ZZ .05Z .044 COX 70 HBC(.07) OR LESS CL= ~ 90 DEVONS 70 OS PK.0}.6 ~ 047 SCHMI TT 70 OS PK
MITT 70 IS A REANALYSIS BUNIATOV 67

(0.11) (0 ~ 03) STRUGALSK 71 HL BC
S MEASUREMENT HAS BEEN EXCLUDED BFCAUSE THE ERROR APPEARS
BE SERIOUSLY UNDERESTIMAT ED.

0 ~ 042 0 ~ 023 AVERAGE ( ERROR INCLUDES SCALE FACTOR GF 1 4)
0 ~ 039 0 ~ 019 AVERAGE USING STUDENT10(H/1 11) —— SEE MAIN TEXT
0 ~ 044 0 ~ 015 FROM F IT ( ERROR I NCLUDE S SCALE FACTOR OF 1 2 )

Wl
Wl 8
Wl
Wl B
Wl 8
Wl 8
Wl B
Wl 8
Wl B
Wl
Wl FIT

14 ETA DECAY RATES

E TA I N TO ZGAMMA ( UNI T S KEV)
. (1 ~ 00) (0 22) BEMPORAD 67 CNTR PRIMAKOFF EFFEC T

0 046 BRGWMAN 74 CNTR P RIMAKOF F EFFECT
BEMP GRAD 67 G I VES Wl=l ~ 2 1+—' 26 KEV ASSUMING THAT Wl I TOTA L=0 314
BEMPORAD PRI VATE- CGMMUNICAT ION GIV ES MORE GENERAL RE SULT AS
Wl&WI/TOTAL=. 380+—.083 ~ WE EVALUATE THI S USING Wl/TOTAL= ~ 38+— 01 ~

NOT INCLUDED IN AV ERAGE BECAUSE THE UNCERTIANTY RESULTING FRGY THE
SEPARATI GN OF THE COULOMB AND NUCLEAR AMPL ITUDES HAS APPARENTLY
BEEN UNDERESTIMATED ~

0. 324 0 046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1~0 }

ll/75
7/74

11/75
).1/75
11/75
2/76
2/76
2/76

R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4

( P4) /(P3)

6/66
7/66
7/66
8/67

11/67
6/70
6/73

AVG
STUDE NT
FIT

ETA INTO (P I+ P I- GAMMA ) /( P I+ PI- PI 0)
0 14 0 ~ 08 FGELSCHE 64 HBC

24 (0 73) (0 ' 25) PAULI 64 DBC
THIS EXP ER IMENT HAS NDT BEEN INCLUDED IN THE AVERAGE S SI NC E I T I S
NOT CLEAR THAT THEIR CLASS 8 EVENTS ARE ACTUALLY FROM ETAS

0 30 0 06 CRAWFORD 66 HBC
~ 10 ~ 10 KRAEMER 64 DBC
e 196 ~ 041 FGSTER3 65 H BC
~ 25 .035 L I TCHFI EL 67 DBC

0 ~ 28 0 ~ 04 BALT AY2 67 DBC
7250 .201 .006 GGRMLE Y 70 A S PK

18K 0 ~ 209 0.004 THALER 73 ASPK

0 ~ 2074 0 ~ 0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 1)0.2074 0 ~ 0037 AVERAGE USING STUDENT10(H/1 ~ 11} —— SEE MAIN TEXT
0 2075 0 0033 FROM FIT (ERROR INCLUDES SCALE FACTOR GF I 0)

14 ETA BRANCHING RATIOS

Rl ETA
Rl N 10
Rl N 53
Rl N

Rl
Rl N 280
Rl N THE
Rl N AS
Rl N FRO
Rl N SGM
Rl
pj
Rl AVG
Rl STUDENT
Rl F IT

7/66
6/66

ll/67
AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
A VERAGE USING STUDE NT10(H/1 ~ 11) -- SEE MAIN TEXT

FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

I NTO NEUTRALS/CHARGED ( Pl+P2+P7)/( P3+P4+P8 )

(2 5) (1 01 PICKUP 62 HBC
(3~ 20) (1 ~ 26 } BASTIEN 62 HBC
(2 7) (0.8) SHAF ER 62 HBC

2 ~ 6 ~ 9 BUSCHBECK 63 HBC
(4 ~ 5) ( I 0) JAMiE5 66 HBC

S E EXPERIMENTS HAVE NOT B EEN USED IN COMPUTING THE AVERAGES
THEY WERE UNABLE TG SEPARATE CLEARLY PARTIAL MODES (3) AND (4)
M EACH OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN
E (UNKNCWN) FRACT ION OF MODE (4 } o

2 64 0 ~ 23 BA LTAY2 67 DBC
0 4 t ~ ~ ~ ~ ~

2. 64 0 22
2 ~ 64 0 ~ 24
Z ~ 452 0 ~ 081

R5
R5
R5
R5
R5
R5
R5
R5

Rb
R6
R6
R6
R6
R6
R6
R6
R6

ETA I NTO ( 3PI 0)
0 83
2 0
0 90

+ 2/3(P IO 2GAMMA) / PI+PI —PI 0 (P2+2/3P7)/P3
0 32 CRAWFORD 63 HBC
1 ~ 0 FGEL SCHE 64 HBC
0 24 FOSTER1 65 HBC

7/66
7/66
7/66

AVG 0.91
STUDENT 0 ~ 91
F IT 1 ~ 357

~ ~ ~

0 19
0 20
0 057

AVERAGE ( ERRGR INCLUDES SCAL E FACTOR OF I 0 }
AVERAGE USING STUDENT10(H/" 11) —SEE MAIN TEXT

FROM F IT (ERROR INCLUDES SCALE FACTOR GF 1 ~ 2)

ET A INTO 3P
( ~ 90
0 88
1 1
0 ~ 75

I0/ ZGAMM A

) OR MORE
0 16
0 ~ 2
0 09

(P2) /(Pl)
CHRET I EN 62 P BC
BA LTAY1 67 DBC
CENCE 67 QSPK
DEVCNS 70 OS PK

11/67
1/68

12/70
~ e e ~

AVG 0. 82
STUDENT 0. 82
F IT 0 ' 78

4 0 085 AVERAGE (FRRGR INCLUDES SCALE FACTOR OF 1 ~ 2)
1 0 085 AVERAGE USI NG STUDENT10(H/1. 11) -- SEE MAIN TEXT
7 0.039 FROM F IT ( ERROR INCLUDE S SC ALE FACTOR OF 1 ~ 1 )

f SE E IDEOGRAM BELOW

R2
R2
R2
R2 F IT

ET A INTO 2GAMMA/C HA R GEO ( Pl } /( P3+P4+ PS)
0 99 0.48 CRAW FGRD 63 HBC

1 ~ 311 0 ~ 053 FROM F IT (ERROR INCLUDES SCALE FACTOR CF 1 + 1 )

WEIGHTED AVERAGE =- 0 .B24 + 0 .OE}5
ERROR SCALED BY 1 .2

Note on g ~ Yr

The discrepancies between various measure-
0ments of branching ratios involving g ~ '}T pg are

displayed in the ideogram below, in which all rel-
eyant experiments have been converted to a com-

mon ratio, 7T pg//neutrals. Our branching ratio fit

weighted average,
factor are for the
ence only. The

ly processed by a
rogr am, which
n values of x, Qx,

which a.re differ-
ues shown here.

does not. include DIGIUGNO 66, FELDNAN 67, or the
upper limit measurements. See page 43 of "Review

of Particle Properties", Physics Letters 39B,
No. l (1972) for more discussion.

WEIGHTED AUERAGE = 0.061 + 0.031
ERROR SCALED BY 2.3

0.4 0.E} 1 ~ 2

ETR INT(j (3PIO) i (2GAMMA)

S 70 OSPK
67 DSPK

Yi 67 DBC

CHISQ
0.7
1.9
0.1
2 ~ 7

(CONLEU
=0.259)

SCHMITT
KANOFSKY
DEUONS
CO&&

BUTTRAM
'JACQUET
FELDMAN
BALT l:}Y1

.WAHLIG
GRUNHAUS
DIGIUGNO

I

—0.2 0.0 0.2 0.4 0.6 O. E}

ETA B.R. INTO (PIO 2GAMMA) iNEUTRALS

70 OSPK
70 OSPK
70 OSPK
70 HBC
70 OSPK
69 HLBC
67 OSPK
67 DBC
66 OSPK
66 OSPK
66 CNTR

CHISQ
0.9
0.0
2.3
1 ~ 6
3.4
0.6

13.4
O. B

4.4
19.0
46.4

(CONLEU
=0.000)

(Pl) /(P3)R7 ETA
R7
R7 401
R7
R7 AVG
R7 STUDENT
R7 F IT

INTO 2GAMMA/( PI+ PI — PO)
1 ~ 61 0.39
1 ~ 72 ~ 25

~ ~ ~ ~ ~ ~ I ~ ~

1 69 0 ?1
1 69 0 23
1 611 0 ' 065

65 HBC
69 HL BC

FOSTER1
BAGL IN 7/69

RS ETA
R8 50
RB
R8
RB 244
RS 29
R8 8 70
RS 74
RS 8 ERR
RS
R8 AVG
RS STUDENT
RS F IT

INTO NEUTRAL/(P I+
F 6 0 8
3 ~ 8 1 ~ I
2 ~ 89 0 ~ 56
3 6 0.6
3 ~ 4 1 ~ 1
2 83 0 ~ 80
2 ~ 54 1 ~ 89

OR INCREASED FROM
~ ~ ~ t ~ ~ ~ ~ ~

3 ~ 26 0~3 0
3 26 0 33
3 01 F 10

PI- PIO) ( Pl+ P2+P7}1 ( P3)
KRAEMER 64 DBC
PAULI 64 DBC
ALFF-STE I 66 HBC
FLATTE2 67 HBC
AGUI LAR-8 72 HBC
B} OODWORT 72 HBC
KENDALL 74 OSPK

PUBLI SHED VALUE 0 5 BY BLOQDWORTHg PRIV ~ COMM

7/66
9/66
1/68

11/72
11/72
12/75
1/73

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/I ~ 111 -- SEE MAIN TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF le 1}
R9
R9
R9
R9
R9
R9

ETA INTO ( E+E-PIO) /(P
110 OR LES S

0 77. OR LESS
42+ OR LESS

0 16. OR LESS
1 9 OR LESS

I+P I-P I 0) ( UNITS 10''+-4) ( P5) /(P3)
PRICE 65 HBC
FOSTER2 65 HBC
BAGL IN 1 67 HL BC
BI LLI NG 67 HL BC
JANE 1 75 OSPK

C L~ ~ 90
CL=~90
CL=~90

8/67
11/67
12/75

AVERAGF. (ERROR INCLUDES SCALE FACTOR GF 1 0)
AVERAGE USING STUDENT10(HI I~ 11) -- SEE MAIN TEXT

FROM F IT (ERROR I NCLUDES SCALE FACTOR OF 1 1 )
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

R 10 ETA INTO (E+E-P I+PI —)/TOTAL ( UNITS 10¹¹-2}
R10 (0 7) OR LESS RITT ENBER 65 HBC

Rl 1 ETA I NTQ ( E+E-P I+P I —) / {P I+P I-GAMMA )
Rl 1 1 0. 02e 0. 026 GRQSSMAN 66 HBC

(P6)

( P6) /(P4)

6/66

6/66

R22 ETA INTO (P Io ZGAMMA) /TOTAL
R22 ~ 12 QR LESS CL~ 95 JACQUET 69 HL BC
R22 ~ ~ 0 ~ I ~ ~ 0 ~

R22 F IT 0 031 0 e 011 FROM F IT

(P7)
6/70

R12 ET A

R12 5
R12
R12 5
R12 5 SEE
R12 T
R12 T THI
R12
R12
R12
R12
R12 113
R12
R12 A VG
R12 STUDENT
R12 F IT

6/66
8/67
8/67

8/67

11/67
12/70
6/70
5/71

12/75

INTO 2 GAMMA/NEUTRALS (Pl) /(Pl+P2+P7}
(0 ~ 416) (0 044) DI GI UGNO 66 CNTR ERROR DOUBLED

~ 44 07 GRUNHAUS 66 OSPK
( ~ 579) ( ~ 052) FELDMAN 67 QS PK

THE NOTE ON ETA DECAY iNTO NEUTRALS ABOVE ~

(0.39 ) (0 06) JONES 66 CNTR
S RESUL T FROM CCMBI NING CROSS SECTIONS FROM TWO DIFFERENT EXPTS ~

59 033 BUNIATOV 67 OSPK
535 ~018 BUTTRAM 70 QSPK

~ 486 ~ 036 CQX 70 HBC
0 57 0.09 STRUGALSK 71 HLBC
0 60 0.14 KE NDA LL 74 OS PK

~ I ~ 0 ~ ~ \ t ~

0 535 0 ~ 018 AVERAGE { ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
0 535 0 016 AVERAGF USING STUDENT10(H/1. 11} -- S EE MAIN TEXT
0 535 0 013 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 2)

{SF E IDEOGRAM BELOW )

R23 ETA INTO MU+MU-/TOTAL ( UNITS 10¹¹-5) (P12)
R23 0 2 ~ OR LESS CL~ 95 WEHMANN 68 OSPK

R24 ETA INTO MU+MU-PIO/TOTAL (UNITS jo¹¹-4} ( P14)
R24 5 OR LESS WE HMANN 68 OS PK

R25 ETA INTO MU+MU-12 GAMMA (UNITS 10¹¹-5)
R25 5 ~ 9 2 ~ 2 HYA MS 69 OS PK

(P12)/{Pl)

R26 ETA INTO (PI0 2GAMMA)/(3PIO + PIO 2GAMMA), (P7}/(P2+P7)
R26 N 0 ~ 1 0.3 KANOF SKY 70 OSPK
R26 N WE HAVE CHANGED THE ERROR ON THIS EXPERIMENT FROM +0 ~ 3r 0 1
R26 N TO THE ABOVE +0. 3g —0 ~ 3 SINCE IT IS CLEAR FROM FIGURE 7 IN THE
R26 N

' ART ICL E THAT A CENTRAL, VALUE OF 0.0 I S ABOUT A S PROBABLE AS THE
R26 N QUOTED VALUE OF 0 ~ 1 ~

R26 ~ ~ ~ ~ ~ ~ ~ ~

R26 F IT 0.095 0.032 FROM 'F IT (ERROR INCLUDES SCALE FACTOR OF jo2)

4/68

4./6 8

7/69

2/71
2/71
2/71
2/7 1
2/71

RZ7 ETA INTO (P I+ P I- )/TOTAL {UNITS 10¹¹ Z) ( P15) 6/7 3
R27 0 0 ~ 15 OR LESS THALER 73 ASPK CON LEV ~ NQT GI VEN 6/73

UNWEIGHTED AVERAGE = 0 .535 + 0 .01B
ERROR SCALED BY 1.3 R28

R28 J
R28 J
R28
R28 F IT

ETA INTO ( E+E-GAMMA )/( P I+P I-Pio ) (UNITS 10¹¹-2) ( PB}/(P3)
80 2 ~ 1 0 ~ 5 JA NE2 75 05 PK
VALU E CHANCED BY ERRATUM

2 ~ 11 0. 50 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

2/76
2 176

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a.
constrained fit program, which
calculates its own values of ~, Qx,
and scale factor, which are differ-
ent fr om the va.lue s shown here.

CHISG)
KENDALL ' 74
STRUGALSK 71

X 70
TTRA[1 70
NIATOV 67
UNHAUS 66

OSPK
HLBC
HBC
OSPK
OSPK
OSPK

.1

.9
~ 0
.B
.B
.6
LEV
157)

0
1
0
2
1
6

{CON
=0.0.90.3 0 ~ 5 0.7

ETA INTO (2 GA(1f1A)&NEUTRALS

R13 ETA
R13 S
R13 R
R13 S
R13 S SEE
R13
R13 R RED
R13 R
R13
RI3
R13 75
R13
R13 AVG
R 13 STUDENT
R13 F IT

INTO 3PIO/NEUTRALS
( 0 ~ 209) (0» 054)

{~ 29) ( ~ 10 )
( 177) ( 035)

T I-.E NOTE QN ETA DE
~ 41 .033

UNDANT INFQRMATI QN

{ 439) ( 024 ).392 ~ 042
0 ~ 32 O. 09
0 40 0 14

~ 0 ~ ~ ~ ~ ~ ~

O. 397 0 ~ 0 25
0 397 0 ~ 027
0.421 0.014

{P 2 ) I ( P 1+P 2+P F I

D I GI UGNQ 66 CN TR ERROR DQU 8 LED
GRUNHAUS 66 QSPK
F ELD MAN 67 QS PK

CAY INTO NEUTRALS ABOVE ~

BUNI ATQV 67 OSPK
FROM THIS EXPERIMENT+

BUTTRAM 70 OSPK
CQX 70 HBC
ST RUG ALS K 71 HLBC
KENDALL 74 OSPK

6/66
8/67
8/67

11/67

12/70
6/70
5/71

12/75

R14 E TA
R14
R14
R14 P
R14
R14 F IT

INTO PI0 (2 GAMIUIA)/2GAMMA
( ~ 5) OR LESS CL= ~ 90 WAHL IG
0 0 0 ~ 1,4 PALTAYl

(0.05) {0 04) BQNAMY

{P7) I (Pl )
66 SP RK 7/66
67 DBC 11/67
67 SPRK PRE LI MI NARY RESULT 11/67

~ ~ ~ ~ ~ ~ ~ ~ ~

0.083 0.030 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2 I

AVERAGE (ERRCR INCLUDES SCALE FACTOR GF 1 ~ 0)
AVERAGE USING STUDENTlo{H/ I 11) -- SEE MAIN TEXT

FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

R29 ETA INTO ( E+ E-) /TOTAL (UNI TS 10¹¹-4) (P16 )

R29 0 3 ~ OR LESS CL= 90 DAVIES 74 RVUE
R29 D QAYI Es 74 ExTRAGTs THIs INFORMATION FRQM EsTEN e7.
R30 ETA I. NTQ {MU+ MU- GAMMA )/TOTAL (UNITS 10¹¹-4) (P13)
R30 100 1 5 oo 75 BUSHNI N 78 SP EC

2/78
2/78

2/79¹
2/79¹

14 ET A C—NQNCQNS ERV ING DECAY PARAMETERS

RELATED TEXT SECTION VI C ~ 1

Al LEFT
Al 1351
A 1 1300
Al 10665
Al 705
Al G36800
A 1 I 0709
A 1 1138
Al 349
Al 220K
Aj 16 5K
Al G GQR
Al G EFF
Al
Al AVG
Al STUDENT

-R IGHT ASYMME TRY PARAMETE R FOR PI+ PI — PI 0 ( UNI TS 10¹¹-2 )
7 ~ 2 2 ~ 8 BALTAY 66 DBC
5 ~ 8 3 ~ 4 C LPWY 66 H BC

{0~ 3) (1 0) CNOPS 66 OSPK REPL BY MULLER 69
-6 ~ 1 4eo LARRI BE 66 HBC
(1 5} ( 5} GQRMLE Y3 68 AS PK

~ 3 1 ~ 1 MULL ER 69 QSPK-l. 4 3 ~ CARPENT R 70 H BC
3 2 5 4 DANB URG 70 DBC

-0 ~ 05 0+22 LAYTER 72 AS PK
0 28 0 ~ 26 JANE 1 74 OSPK

MLEY3 68 ASYMMETRY PROBABLY DUE TQ UNMEASURED (E X 8) SPK CH.
ECTS. NEW EXP TS. WITH ( E X B ) CCNTRQLS DONT OBS ERV E ASYMMETRY ~

~ ~ ~ ~ ~ I ~ ~

0 ~ 12 0~17
0 ll 0.19

8/66
8/66
8/67
8/67
6/68
9/69
6/70
2 /71
8/72
3174
3/74
3/74

AVERAGE (ERROR INCLUDES SCALE FACTOR OF jo ol
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

A2 LEFT-
A2 33
A2
A2 N 1620
A2 7257
A2 36K
A2 35K
A2 N MULLE
A2
AZ AVG
A2 STUDENT

11/66
8/67
9/69
6/70
8/72
3/74

AS
AS
AS
AS
A5
AS
AS
AS
AS

12/75
12/75
12/75
12/75
12/75

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USI NG STUDENT10 (H/1 ~ 11) —SEE MA IN TEXT

R IGH T A SYMME TRY PARAMETER FOR PI+ PI — GAMMA ( UNI TS lo¹¹-2 )
-2 ~ 17 ' CRAWFORD 66 HBC
-4. 8 ~ LITCHFI EL 67 DBC

1 5 2.5 MULLER 69 QSPK
1 22 1 56 GQRMLEY 70 ASPK
0 5 0 6 THA LE R 72 'AS PK

2 0 6 JANE 2 74 OSPK
R 69 I 5 SENSI T I VE ONLY TQ UPPER ~4 OF GAMMA-RAY SPECTRUM ~

0 ~ 88 0 ~ 40 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
C. 88 0 45 AVERAGE USI NG STUDENT10 (H/1 ~ 11) -- SEE MAIN TEXT

t

SEXTANT ASYMMETRY PARAMETER FQR P I+ PI- P Io ( UNITS jo¹¹-2)
1300 6.8 3 3 C LPWY 66 HBC
705 -2 4 0 LARR I BE 66 HBC
37K 0 5 . 0 ~ 5 GORMLEY3 68 WIRE

220K 0 10 0 22 l AYTER 72 ASPK
165K 0. 20 0 ~ 25 J ANE1 74 OS PK

~ ~ 0 ~ ~ ~ ~ ~ ~

AVG 0.19 0 ~ 16
STUDENT 0 19 oe 17

R15 ETA I NTQ (E+E—PIO) /TOTAL (UNITS jo¹¹-2) (P5)
R15 0.7 OR LESS RITTENBER 65 HBC
R15 0 ~ 084 OR L ESS CL= ~ 90 BAZIN 68 DBC
R15 0 0.016 OR LESS CL= ~ 90 MARTYNOV 76 HLBC

R17
R17
R17
R17
R17
R17
R17

ETA INTO (PI+PI —PIO GAMMA)/(P I+PI-PIO) (UNITS jo¹¹-2)
{Plo I/ ( P3)

7 ~ 0
0 9
1 6
1 7
0. 24.

OR LESS
QR LESS
OR LESS CL=. 95
OR LESS CL= 90
OR LESS CL= ~ 90

FLATTE
PRICE
BALTAY2
ARNOLD
THALER

67 HBC
67 HBC
67 DBC
68 HL BC
73 AS PK

R18 E TA I NTO ( PI+PI- 2GAMMA) 1(PI+PI-P Io)
R18 309 OR LESS PRICE 67 HBC
R18 ~ 016 QR. LESS CL= ~ 95 BALTAY2 67 DBC

(Pll)/(P3)

R16 ETA I NTO 2GAMMA/(3PIO + PIO 2GAMMA) ( Pl ) I (P2+P7)
R16 O. 80 ~ 25 BACC I 63 CNTR
Rle ~ ~ ~ ~ ~ ~ ~ ~ ~

R16 FIT 1 ~ 150 0 060 F RQM F I T ( ERROR INCLUDES S CAL E FACTOR OF 1 ~ 2 )

6/66
6/68
6/77

7166

8/67
8/67

ll/67
9/68
6/73

8/67
11/67

AQ QUAD
AQ 220K
AQ 165K
AQ
AQ AVG
AQ STUDENT

RANT ASYMMETRY PARAMETER FOR PI+ PI — P Io {UNITS 10¹¹-2)
—0. 07 0 22 LA YTER 72 A 5PK
-0.30 0.25 JANE 1 74 OSPK

-0 ~ 17 0 ~ 17 AVERAGE (ERROR INC{ UDE5 SCALE FACTOR OF 1 0)
-0 17 0 ~ 18 AVERAGE USING STUDENT 10( H/1 1 1) -- SEE MA IN TEXT

12/75
12/75

12/75
12/75
12/75
12/75
12/75
12/75
12175

)
TEXT

14 ENERGY OEP ENDENCE OF ETA DALI TZ PLOT

BET BETA FOR ETA TQ PI+ P I- GAMMA ~ SENSITIVE TQ 0-WAVE CONTRIBUTION ~

BET DN/DCOS THE TA = SIN¹¹2 THETA ¹ (1 + BETA ¹ COS¹¹2 THETA)
BET 7250 -0 ~ 06 0 0 ~ 065 GORMLEY 70 W I RE
BET L 0 12 0 06 THAL ER 72 ASPK
BET 35K 0 11 0~ 11 JA NE2 74 OS PK
BET L AUTHORS DONT BELIEVE THIS TO INDICATE 0-NAVE BECAUSE DEPENDENCE OF
BET L BETA QN GAMMA ENERGY INCONSISTENT WITH T HEOR PREDICTION
BET L CQS¹¹2 DEP ENDENCE MAY ALSO COME FROM P AND F-WAVE INTERFERENCE
BET ~ 0 \ ~ ~ ~ l ~ ~

BET AVG 0.047 0 062 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5
BET STUDENT 0 053 0 ~ 053 A VERAGE USING STUDENT10(H/1 11) -- SEE MAIN

( SE E IDEOGRAM BELOW )

ETA I NTQ 3P
1.3
1 47

199 1 50

R19
R19
R19
R19
R). 9
R19 AVG
R19 STUDENT
R19 F IT

1 46
1 ~ 46
1 ~ 26

I 0/' {P I+ P I- P I 0)
~ 4 BAGLI N2

0.20 0 17 BUL{.OCK.15 29 BAGL IN

( P2) 1 ( P3)
67 HL BC
68 HL BC
69 HL BC

8/67
9/68
7/69

~ ~ ~ 0 ~

0 ~ 13
0 ~ 14

8 o.oeo

AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1 0)
AVERAGE USING STUDENT 10{Hl 1 111 -- SEE MAIN TEXT

FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 1 }

R20
R20
R20
R20 F IT

ETA INTO 2GAMMA/{ (3PI 0)+2/3(PI 0 2GAMMA) }
1.10 0.5 MULLER 63 DBC

( Pl) /( P2+2/3P7)
7/66

I NTQ NEUTRALS/TOTAL
79 F 08
705 008

4 1 ~ ~ 4 0 ~ 4

0 ~ 7058 0 ~ 0080 AVERAGE
0 7058 - 0 0086 AVERAGE
0 ~ 7103 0 0068 FROM F IT

R21 ETA
R21
R21 16K
R21
R21 A VG

RZ 1 STUD ENT
R21 F IT

( P 1+ P2+ P7)
67 OS PK
71 CNTR MM S PECTROMETER

11 /67
8/71

BUNI ATOV
BAS I LE

{ERROR INCLUDES SCALE FACTOR OF 1.0)
USING STUDENT 10(H/1 1 I) -- SEE MAIN TEXT
( ERROR INCLUDE 5 SCALE FACTOR OF 1 ~ 1)

~ ~ ~ ~ ~ ~ ~

1.187 0 058 FROM F IT (ERROR INCLUDES SCALE FACTOR QF 1.2 )

DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP

AO

AO
Ao

ATED TEXT
FOLLOW IN

gC gDy OR
R IX ELEME
SEE TEXT
SEE TEXT
SEE TEXT
SEE TEXT
SEE TEXT
SEE TEXT
SEE TEXT
SEE TEXT
SEE TEXT
S EE TEXT

REL
THE
AgB
MAT

1300
705

7170
37K
526

1138
349

7250
220K

81K

SECTION VI C 2
G EXPTS FIT TQ QNE OR MORE
E FOR ETA TQ PI+ PI- PIO
NT¹¹2= 1 + A¹Y:. + B¹(Y¹¹2) +
SEC VI C 2 CLPWY
SEC VI C. 2 LA RRI BE
SEC VI C 2 CNQPS
SEC VI C*2 GORMLEY3
SEC VI C. 2 BA GL IN
SEC VI C.2 CA RPENTR
SEC VI C ~ 2 DA NB URG
SEC VI C ~ 2 GORMLEY
SEC VI C 2 LA YTER
SEC VI C 2 LAYTER

OF THE COEFFICIENTS

C¹X + D¹( X¹¹2) + E¹X¹Y
66 HBC
66 HBC
68 QSPK
68 WI RE
69 HL BC
70 HBC
70 DBC
70 WIRE
72 AS PK
73 A 5PK

ALPHA PARAMETER FOR ETA TQ 3 PIO
MATRIX ELEMENT ¹¹2 ~ 1 + 2¹ALPHA¹Z (SEE TEXT SEC VI C ~ 3)

192 —0. 32 0 ~ 37 BAGLI N 70 HL BC

12/75
12/75
12/75
12/75
12 /75
12/75
12/75
12/75
12/75
12175

12/75
12/75
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872 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

LIEIGHTED AUERAGE = 0 .047 + 0 .062
ERROR SCALED BY 1.5

BAS ILE
STRUGAL S
AGUILAR-
BLOODWOR
LA YTER
THAL ER

LAYTER
THALER
BRQWMAN
DAVI ES
JANE I
JANE 2
KENDALL

71 NC 3A 796
71 NP 827 429
72 PR 06 29
72 NP 839 52 5
72 PRL 29 316
72 PRL 29 313

73 PR D7 2565
73 PR D7 2569
74 PRL 32 1067
74 NC 24A 324
74 PL 488 260
74 PL 488 265
74 NC 21 A 387

+BOLL INI r DALPI AZ g F RABET TI+ (CERNg BGNA g STRB )

+CHUVILOg GEMESYt IVANOVSKAYA+ ( JINR)
AGUI LAR-BENI TEZ t C HUNG t E ISNERt S AMIOS ( BNL )

BLOODWORTHg JACKSONr PRENTICE g YQQN (TDRONTQ}
+APPELgKOTLEWSKI rLEEt ST EINg THALER (COI 0)
+APPEL tKQTl EW SKI r LAYTE R gl EE g ST EI N ( CCLU )

+APPELg KQTLE WSKI gLEE g STEIN gTHALER (CQLU )
+APPELgKDTLEWSKIgLAYTERgLEEgSTEIN (CQLU)
+DEWIRE gGITTELMANg HANSONg LQH + {CORN+BING)
+GUYtZIA (BIRM+RHEL+SHMP)
+JONESg LIPMANt OWENg PENNEY+ (RHEL+LOWC+SUSS)
+ JONESg LI PMANgOWENgPENNEY+ (RHEL+LOWC+SUSS )
+LANOUgMASSIMOt SHAPIRO + (BROW+BARI+MIT)

JANE 1 75 PL 598 99
JANE2 75 PL 598 103

ALSO 76 PL {TO BE PUBL ~ )
MARTYNOV 76 S JNP 23 48
BUSHNI N 78 PL 798 147

ALSO 78 SJNP 28 775

+GRANNI St JQNESgLIPMANtOWEN + (RHEL+LCWC)
+GRANNISg JONES ~ L IPMANg OWEN + (RHEL+l QWC )
ERRATUM g M» R ~ JANE g PRI V ATE CQMMU NI CAT ION ~

+ SAL TYKOVg TARA SQ Vg UZH IN SKI I (JINR)
+DZHELYADIN t GOLQVK IN t GR ITSUCK + (SERP)
BUSHNINrGOLOVKINrGRITSUKgDZHELYADIN+ (SERP)

—0.3 —0.1 0.1 0.3

BETA FOR ETA TD PI+ PI- GAVINA

74 ljSPK
R 72 ASPK
E Y 70 lJIRE

0.5

CHISQ
0.3
1.5
2. 7
4 ~ 5

(. C lj N L E U
=0 .104)

BA ST I EN 62 PRL 8 114
CARMONY 62 PRL 8 117
ROSENFEL 62 PRL 8 293

BAST I ENg SERGE g DAHL g FERRO LU ZZ I g MILLE R+ ( LRL )
0 CARMONYg A ROSE NF ELDg VAN DE W ALL E ( LRL )
A RDSENFELDg D CARMONYg VAN DE WALLE ( LRL)

Q Q 'I]i Q t)i Q gli i)i+ i)i i{iQ Qt)' jgc i)i +i)i

10 CHARGED K(494gJP=O-) I=1/2

QUANTUM NUMBER DETERMINATIONS NQT REFERRED TO IN THE DATA CARDS

10 CHARGED K MASS (MEV)

AL FF 62 PRL 9 32Z
BASTIEN, 62 PRL 8 114
CHRETIEN 62 PRL 9 127
PI CKUP 62 PRL 8 329
SHAF FR 62 C ERN CONF 307

ALFF t BERLEYgCOLLEYtB RUGGER + {COLU+RUTGERS )
BAST I ENg BERG Eg DA HL tF ERRO-LUZZI + ( LRL)
CHRETI EN+ {BRAN+BRQWN+HARVARD+MIT+PADQVA )
E PICKUPgROBINSQNg SALANT {CNRC+BNL)
J SHAF ERgFERRQ-LUZZIgMURRAY + (UCB+LRL)

BACC I
BU SCH BE C

CRAWFORD
ALSO

DEL COUP. T
MULLER

63 PRL 11 37
63 SIENA CONF
63 PRL 10 546
66 P RL 16 907
63 PL 7 215
63 S IENA CONF

1 166
BACC I g P ENSOg SALVI NI + (ROMA+F RAS)
BUSCHBECK-CZAPP COOPER + (VI ENNA CERN AMST )
F S CRAWFORD g LLOYD gF QWLER ( LRL+ DUKE )
F S CRAWFORDg L LLOYDg E FOWL ER ( LR L+DUKE )
DE(CQURTgLEFRANCQI Sr PEREZ Y JQRBA+ (QRSAY }
MULL ER, PAULI + ( SAC L+RCMA)

REFERENCES FOR ETA

PEVSNER 61 PRL 7 421 PEVSNERtKRAEMERt NUSSBAUMgRICHARDSON + ( JHU)

M

M

M

M A

M

M A

M

M

M A

M

M

M

M

493 ~ 9
493 7
493. 78

(493 87)
493 ~ 691
493 ~ 66 Z

493 ~ 65 7
493 ' 670

KUNSELMAN 74

AVG 493 668
STUDENT 493 ~ 668
F IT 493 e 669

0 2
0 ~ 3
0 17

(0 ~19)
0 ~ 040
0 ~ 19
0 020
0 029

UPDATES

COHEN
BARKAS
GRE I NER
KUNS ELMAN
BACKENSTQ
KUN S EL MA N

CHENG
BARKQV

KUNSELMAN 71 W ITH I

57 RVUE +
63 EMUl
65 EMUL + VIA TAJ DECAY
71 CNTR — KAONI C A TQMS
73 CNTR — K AONIC ATOMS
74 CNTR KAONIC ATOMS
75 CN TR — KAQNIC ATOMS
79 EMUL +- E+E- —& K+ K-
MPRQVED KAQNIC ATOM CALC~

7/66
10/71

1/73
3/74
6/77
7/79+
3/74

0 0 ~ ~

0 ~ 015
0 ~ 017
0 ~ 015

10 (K+) — (K-) MASS DIFFERENCE ( MEV)

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

FROM F IT ( ERROR INCLUDE S SCALE FACTOR OF 1 ~ 0) 2/804

FOELSCHE 64 PR 134 8 1138
KRAEMER 64 PR 136 8 496
PAUL I 64 PL 13 351

H W FOEL SCHE g H L KRAYBI LL {

YALE�)

KRAE ME Rg MADANSKYg F I EL DS + ( J HU+NWE S+WCOD )
E PAULI r A MULLER (S ACLAY )

DM F 1 ~ 5M -0 032 0 ~ 090 FORD 72 AS PK +-
DM F FORD 72 USES M( P I+ )-M( PI-) = +28+-70 KE V.

4/72
1/73

FQSTER1 65 PR 138 8 652
FOSTER2 65 ATHENS
FQSTER3 65 THESIS
PRICE 65 PRL 15 123
RITTENBE 65 PRL 15 556

FOSTERg PETERS g MEER t LOEF FLER + (WISC+PURDUE )
FOSTER g GOOD g MEE'R ( W I SCQN SIN )
M C FOSTER ( WI SCQN SI N)
L ~ R ~ PRI CEtF S ~ CRAWFORD ( LRL)
RI TTEN BERG, KALBFL E I SCH {LRL+BNL)

ALFF-STE
BALT AY

CL PWY
CNQPS
CRA WF QRD

66 PR 145 1072
66 PRL 16 1224
66 PR 149 1 044
66 PL 22 546
66 P RL 16 333

ALFF-STEINBERGERg BERLEY+ {CQLU HBIA+RUTGERS )
+FRANZ I NI t K IMg KI RSCH+ ( COLUMBIA+STONY BROOK)
COL UMBI A g l RL g PURDUEg W IS CONS INg YAL E
CNQPS g F INOCCHI AR Sg LA SSA LLE t+ ( C ER Ng ETH t SAC L )
F S CRAWFORDt L ~ REPRICE (LRL )

PI GI UGNO
GRQSSMAN
GRUNHAU S
JAME S
JONES
LARR I BE
WAHL IG

66 PRL 16 767
66 P R 146 993
66 T l-ES IS
66 PR 142 896
66 PL 23 597
66 PL 23 600
66 PRL 17 221

DI GIUGNOg GIQRGIg SI LVESTRI+ (NAPLg TRSTg FRA S)
R GROS SMANg L PRICE g F CRAWFORD (LRL )

J GRUNHAUS (COLUMBIA)
F E JAMESg H L KRAYBILL ( YALE+ BNL )
JONE Sg BI NNIE g DUANE g HORS EY t MAS0 ii g ( LCICg RHEL )
LARRIBEg LEVEQUEg MULL ERg PAUL Ig+ ( SAC L+RHEL)
WAHLI G t SHI BATA g MANNELLI (MIT+P ISA)

BAGLI Nl
BA GL IN2
BA LTAY1
BALTAY2
BEMPORAD

ALSO

67 PL-248 637 BAGLINt BEZAGUETg DEGRANGEg+ {EPOL+UCB)
67 BAP S 12 567 BAGL IN g 8EZAG UETt DEGRANG E g+ (EPQL+UCB)
67 PRL 19 1495 BALT AYg FRANZINIg KIMg NEWMAN+ (COLU+BRAN)
67 PRL 19 1 4S8 BAL TAY rF RANZ I NI t KI Mr NEW MAN+ (CQLU+S TON )

67 PL 258 380 BEMPORAD ~ BRACC INI gFOA gL UBELSMEY+ ( PISA t 8 CNN)
P RI V AT E COMMUN I CAT I ON

10 CHARGED K MEAN LIFE (UNITS 10+&-8)

T C
T 0
T 0 52
T
T 0 33
T 0
T 0 51
T 293
T
T
T
T
T
T 3M
T 0 QL
T
T AVG
T STUDENT
T FIT

HAR ~ K MEAN
(0 95)
(1+60)

1 ~ 21
(1 ~ 38 )
(1 ~ 25 )
{1 27)
1 31

(1 24)
1 231
1 t 2443
lo 221
1 ~ 2272
1 ~ 23 80

D EXP ER IMENT
~ ~ ~ 0 ~ ~

I ~ 2370
1.2374
1 ~ 23 71

{ IFE
(0.36) (0 25)
(0 +3) (0 3)

0 ~ 06 0 06
{0 24) (0 ~ 24)
(0 ' 22) (0 17)
(0 ' 36) (0 23)

0 08 0 F 08
(0 ' 07)
0 F 011 0.011
0.0038
0 011
0 ' 0036
Oo 0016

S WITH LARGE ERR
~ 0 ~

0 ~ 0032 0 ~ 0032
0.0016 0 ~ 0016
0 ~ 0026 F ROM F IT
( SEE IDEOGRAM 8

ILOFF , 56
EI SENBERG 58
BURRQWES 59
F RED EN 60
BARK AS 61
BHOWMI K 61
NORD IN 61
NORD IN 61
BQYARSKI 62
F ITCH 65
FORD 67
LOBKOWICZ 69
OTT 71
ORS EXCLUDED

EMUL
EMUL
CNTR
EMUL
EM UL

E MUI

HBC
RVUE
CNTR
CN TR
CNTR
CN TR
CNTR
FROM

+ K AT REST

+ K IN FLIGHT
+ STOPP ING K

A VERAGI NG

6/66
8/67
9/66
2/71
2/71

AVERAGE (ERROR INCL SCALE FACTOR QF Z.4)
AVG BY STUDENT 10( H/1 ~ 11) —— SEE MAIN TEXT
(ERROR INCLUDES SCAL E FACTOR OF 1 ~ 9)

ELOW )

CENCE
ESTER
FELCMAN
FLATTE
FL ATT E2
L I TCHFIE
PRICE

67 PRL 19
67 PL 248
67 PRL 18
67 PRL 18
67 PR 163
67 PL 248
67 PRL 18

1393
115
868
976
1441
486
1207

ARNOLD
BA Z IN
BULLOCK
GGR {LEY3
WEHMANN

68 P L 27B 466
68 PRL 20 895
68 PL 278 402
68 PRL 21 402
68 P RL 23 748

BAGL IN 69 PL 298 445
ALSO 70 NP 822 66

HYAM S 69 P L 298 128
JACQUET 69 NC 58 743
MULLER 69 THES I S

BAGL IN 70 NP 822 66
BUTTRAM 70 PRL 25 1358
CARPENTR 70 PR Dl 1303
CQX 70 P RL 24 534

70 P R 02 2564
70 PR 01 1936
70 PR 02 501
70 NEVI S 181 (THESIS)
70 NC 68 413
70 PL 328 638

DANBURG
DE VQNS
GQRilLEY

ALSO
KANQF SKY
SCHM ITT

BILLING 67 PL 258 435
BC NAMY 67 HEI DELBERG CONF ~

BQWEN 67 PL 248 206
BUNI ATQV 67 PL 2 58 560

8ILLINGg BULLOCKg ESTEN g GOVANr + ( LOUC g QXF )
BONAMYt SGNDEREGGER f SACLAY )
BOW ENg CNOP S g F INOCCHIARQr+ (C ERN+ETH+SACL )
BUNI ATOVg ZAVATTI NI t DEINETt+ (CERN+KARL )

CENCEr PETERSONg STENGERg CHIU+ {HAWAI I+LRL)
+G0 VAN g KNI GHT g M! L LER t TOVEY+ ( LQU C+QX F )

FELDMANt FRATIg GLEESQNgHALPERNg+ ( PENN)
S~M. FLATTE (LRL )
S M. FLATTE AND C G WQHL ( LRL)
L IT CHF IELD g RANGA Ng SE G AR g SMI TH+ (R HEL+ SAC LA Y)
L R. PRICEgF S.CRAWFORD (LRL )

+PATY r BAGL INt 8 INGHAM+ (ST RB+MADR+ EPOL+UCB )
BAZINgGOSHAWgZACHERt+ {PRI NCETONg QUEENS)
+ EST EN g FLE MING g GQVAN g HE NDER SQN g 0 WEN+ ( LOUC )
GQRMLEYtHYMANgLEEt NASHg PEOPLES+ (COLU+BNL )
WEHMANNt ENGELSt+ {HARV+CASE+SLAC+CORN+MCGI )

BAGL IN g BE ZAG UE Tt+ (EPOLtUCBg MADRg STRB)
+8EZAGUET g DEGRANGE g MUSS ET + ( EPQLr MADRt STRB )
HYAMSg KOCH t POTTERg YON L INDERNt + {CERNt MPIM }
JAC QUE T t NGUYEN —KHACt HAA TUFT+ ( EPQL g

BERG�)

ARMAND MULLER ( STRB)

+8 EZA GUET g DEGRANGE gMUSSET+ ( E POL+MADR+ STRB)
+KREI SLERgMI SCHKE (PRIN )
CARPENTER t 8INKLEYt CHAPMAN tCQXt DAGANt. ( DUKE)
COXg FORTNEYg GOl SON (DUKE)

+ABDLINS DAHL DAVIES HOCH KIRZ + {LRL)
+GRUNHAUS g KQZLOW SKI t NEMETHY + ( COLU g S YRA )
GORMLE Yt HYMANt LEE g NASHr PEOPLES+ ( COLU+BNL )
MI CH AEL GORML EY {COL U)
A ~ KANOF SKY (LEHI )
+BUNIATQV r ZAVATTINIg DE I NET+ (CERNg KARL)

LJEIGHTED AUERAGE = O. BOB4 + 0.0021
ERROR SCALED BY 2 .4

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data we r e actually pr oces s ed by a
constrained fit program, which
calcula. tes its own values of m, 5xt
and scale -factor, which are differ-
ent fr om the value s shown he r e.

) 4

-QTT
LOBKClLIICZ

. F ljRO

.FITCH
BOYARSKI

. NljRDIN
BURRGlJES

71 CNTR
69 CNTR
67 CNTR
65 CNTR
62 CNTR
61 HBC
S9 CNTR

CHISQ
0.4
7.3

3.7

11.4
(CONLEU
=0.003)0.70 0.75 O. BO O. BS 0.90 0.95

CHARGED K DECAY RATE (UNITS 10++8 SEC-1)
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Particle Data Group: Review of particle properties S73

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

DT
DT
DT
DT AVG
DT STUD ENT

0.47
0«Q90

~ ~ ~ ~ »

0»114
0 ~ 112

0 ~ 30
0 078

~ « ~ »

Q. 093
0.083

FORD 67 CNT R
LQBKQWIC l 69 CNTR

8/67
12/70

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

10 ( ( K+) — (K-) ) /AVG g MEAN LIFE DIFFERENCE ( PERCENT)

DT N THIS QUANTITY I 5 A MEASURE OF CPT INVARI ANCE IN W ~ I ~

CHAR ~ K I NTO (MU PI 0 NEU) + ( E PIG NEU) (UNITS 10''s'6 SEC-1)
W4 (G5+Ge)
W4 USED FOR DELTA I = 1/2 TESTa
W4 ~ ~ ««« ~ «« ~

W4 F IT e.484 0.089 FRoM FIT

10 ( (K+) — (K-) ) /AVG ~ g DECAY RATE DIFFERENCE {PERCENT)

Dl DIFFERENCE IN K MU2 RATES ( (Gl+) —(Gl-1) /Gl ( PERCENT )
Dl -0 54 0»41 FORD e7 CNTR 8/67

Pl
P2
P3
P4
P5
pe
P7
P8
P9
P10
Pll
P1Z
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33

CHAR K INTO MU NEU
CHAR K INTO P I P IQ
CHAR ~ K I NTQ PI PI+ PI-
CHAR ~ K INTO P I 2P I 0
CHAR K INTC MU PIQ NEU
CHAR ~ K INTO E PI 0 NEU
K+ INTO PI+ PI- E+ NEU
K+ INTO PI+ PI+ E- NEU
K+ INTO P I+ P I- MU+ NEU
K+ INTO P I+ P I+ MU- NEU
CHAR ~ K I NTO E NEU
CHAR K INTC MU NEU GAMMA

CHAR K I NTC PI P IG GAMMA

CHAR ~ K INTO P I P I+ P I- GAMMA

CHAR K INTO PI E+ E-
CHAR ~ K I NTO P I MU+ MU-
CHAR. K INTO PI GAMMA GAMMA

CHAR K INTO Pl 0 E NEU GAMMA
K+- INTO Pl-+ E+- E+-
CHAR ~ K I NTQ P I NEU NEU
CHAR ~ K I NTO E NEU GAMMA
C HAR K INTO P I GAMMA

CHAR K I NTQ Pl 3GAMMA
CuAR ~ K INTO PI 0 PI 0 E NEU
K+ I NTO P I — E+ MU+
K+ INTO PI+ E+ MU-
CHAR K INTO MU NEU NEU NEUBAR
CHAR K INTO PIQ MU NEU GAMMA

K+ INTO P I+ MU+ E-
CHAR K INTC MU NEU E+ E-
K+- I N TO MU-+ NE U E+- E+-
CHAR K INTO NEU E E E
CHAR ~ K INTO E NEU NEU NEUBAR

K MU2
K PI2
TAU
TAU PRI ME
K MU3
K E3
KE+4
K E- 4
K+MU+ 4
K+M U- 4
K E2
K MU RAD
K PI RAD
TA U RAD
PI E F
PI MU MU

PI GAM GAM
P I E NEU GAM
P I -+E+-E+-
P I NEU NEU
K E2 RAD
K PI GAM
P I 3GAM
K E4 2PI 0
P I- E+MU+
PI+ E+MU-
MU 3NEU
P I MU N El3 GAM

P I+MU+E-
MU NE U E+E-
MU-+ NEU 2 E+-
NEU 3E
E 3NEU

10 CHARGED K PARTIAL DECAY MODES

ASSESDECAY M

105+ 0
139+ 134
139+ 139+
139+ 134+
105+ 134+

5+ 134+
139+ 139+
139+ 139+
139+ 139+
139+ 139+

~ 5+ 0
105+ 0+
139+ 134+
139+ 139+
139+ .5+
139+ 105+
139+ 0+
134+ .5+
139+ 5+
139+ 0+

~ 5+ Q+
139+ 0
139+ 0+
134+ 134+
139+ .5+
139+ ~ 5+
105+ .0+
134+ 105+
139+ 105+
1 05+ 0+
105+ 0+

0+ ~ 5+
~ 5+ Q+

139
134

0
0

~ 5t
~ 5+

105+
105+

0
0

139+
~ 5

105
0
0+
5
0
0

Q+
~ 5+

105
105

0+
Q+

«5
~ 5+
«5+
~ 5+
0+

0
0
0
0

0
0

0
0

~ 5
«5
5
0

8/67
8/67

11/70
11/70
1 1/73

11/73

D3
03
D3
D3.
D3
03

DIFFERENCE
18QZ -1

0 08

AVG -0.03
STUDENT -0» 03

IN TAU PRIME RATES {(G4+)-(G4-) ) /AVERAGE ( PERCENT )
1 8 HERZO 69 QSPK
0 ~ 58 SMITH 73 AS PK +-

~ ~ ~ ~ ~

0 ~ 55 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 60 AViERAGE USI NG STUDENT10 (H/1 1 1) —SEE MAIN TEXT

5/70
11/73

04 DIFFERENCE IN K PI2 RATES
D4 0.8 1 ~ 2

((G2+)-(G2-) )/AVERAGE (PERCENT),
HERZQ 69 OSPK 5/70

DIFFERENCE
24 0.0

4000 1»0
Z461 0. 8

D5
D5
D5
D5
D5
D5 AVG
05 STUDENT

0~ 9
0 ~ 9

IN K PI RAD RATES
24 0

4 ~ 0
5 ~ 8

( (G13+)—(G13-) ) / AVERAGE (P ERCENT )
EDWARDS 72 OSPK P I KE 58-90 MEV 8/72
ABRAMS 73 ASPK +- P I KE 51-1CQ ME V 3/74
SiMITH 76 Wj RE + — P I+-KE 55-90 MEV 11/76

3 ~ 3
3 5

AVERAGE (ERROR INCLUDES S GAL E FACTOR QF 1 0)
AVERAGE USING STUOENT10(H/1 11) -- SEE MAIN TEXT

10 CHARGED K BRA NCHI NG RAT I QS

R 0 OI D DATA EXCLUDED

02 DIFFERENCE IN TAU RATES ((G3+}-(G3-)) /G3 (PERCENT}
D2 -0 50 0 ~ 90 FL ETCHER 67 QSPK
DZ F (-0.04) ( 0 ~ 21) FORD 67 CNTR S EE NOTE F
02 F 3 ~ 2M {0,10) (0,14) FORD 70 ASPK SEE NOTE F
02 F 0 ~ 08 0 ~ 12 FORD 70 AS PK S EE NOT E F
D2 S (-0 02 ) ( 0 ~ 16) SMITH 73 ASPK +-
02 F SECOND FORD 70 VALUE IS FIRST FORD 70 COMBINED WITH FORD 67
02 S SMI TH 73 VALUE OF D2 I S DER I VED FROM SMI TH 73 VALUE OF D3
02 ~ « ~ ~ «» ~ ~ ~

02 AVG 0 ~ 07 0 ~ 12 AVERAGE {ERROR iNCLUDES SCALE FACTOR OF 1 ~ 0)
02 STUDENT 0 07 0 ~ 13 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

CHARGED K CONSTRAINED FI T
OVERALL FIT OF MEAN

LIFE'S

W IDTHS AND BRANCHING
RATI QS USES 59 DATA POINTS TO DETERMINE SIX
QUANTITIES OVERALl F IT HAS CHI SQ=78. 0 ~ MAIN
CGNTRIBUTI QN (13~ 2) COMES FROM R19 OF HAIDT
71 ( WE SEE NQ REASON TQ RE JECT THI S EXPERIMENT
AT THIS TIME)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P., as follows: The diagonal elements ar'e P. + 6P. , where

1 1
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-
cients (5P, 6P. ) /(6P. ~ 5P.). For the definitions of the individual P. , see the listings1 1 J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to 1.

P 1 P 2 P P 5
P 1 «6350+-» 0016
P 2 — 7380 21 16+- 0015

3 — 1919 — 0353 «0559+-«0003
P 4 — 1 81 8 ~ 0349 ~ 2039 ~ 0173+-~ 0005
P 5 «2726 — 2321 - ~ 1178 —«3230 ~ 0320+- ~ 0009
P 6 —.3383 —.1385 .150Q .0257 .2125 .0482+-.0005

P 3 P 6

FITTED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, transformed into r'ate

space; i. e. , G. —= j. = I P. , in appropriate units. In analogy to the matrix above,i i total i'
the diagonal elements are G. + 6G. , where 6G, = g(6G. 6G.), while the off-diagonal

1 1 r 1
elements are the normalized correlation coefficients (66.5G, )/(5G. . 6G.). Note that,

because of the error in I, the errors and correlations here are not directly derivabletotal'
from those above.

3/78
3/78
3/78

R2 CHAR ~

R2 0 {
R2 0
R2 0 EARLI
R2 (
R2 (
RZ 16K
R2
R2 FIT

K I NTQ (
27. 7)
23 ~ 21
ER EXPER
21 0)
Zl ~ 6)
21 ~ 18
« ~ ~ ~

21 16

PI PIQ
(2 ~ 7)
(2 2)

I ME NT S
(0 ~ 6}
{0~ 6)

0 ~ 28
~ « ~

0 ~ 15

(P2)
EMUL +
EMUL +

)/TOTAL (UNITS 10&+-2)
BI RGE 56
AL E XANDER 57

NG T AV ER AG ED
CA(. LAHAN 65
TRILLING 65
CHI, ANG 72

HL BC SEE R17
RVUE
OSPK + 1 ~ 84 GEV/C K+

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

6/66
9/72

R3 CHAR ~

R3 0
R3 0
R3 0
R3 0 EARL
R3
R3 2332
R3 540
R3
R3 44
R3 P 693
R3 C 2330
R3 C THIS
R3 P I NCL
R3
R3 AVG
R3 STUD ENT
R3 F IT

K INTO (PI PI+ PI- }/TOTAL (UNITS 10s's'-2) ( P3)
(5«e) (0 ~ 4) BIRGE 56 EMUL +
{e.8) (0.4} ALEXANDER 57 EMUL +
(5.2) (0 ' 3) TAYLOR -59 EMUL, +

I ER EXP ER IMENT S NOT AVERAGED
5 ~ 7 0 ~ 3 RQE 61 HLBC +
5 ~ 54 0 ~ 12 CALLAHAN 64 HL BC +
5 1 0 ~ 2 SHAKLEE 64 HLBC +
5 ~ 71 0 ~ 15 DE MARCO 65 HBC
6 ~ 0 0 ~ 4 YOUNG 65 EMUL +
5 ~ 34 0 ~ 21 PANDQULAS 70 EMUL +

{5.561 ( 0.2 01 CHIANG 72 QSPK + 1 ~ 84 GEV/C K+
VALUE IS NQT INDEPENDENT OF CHI ANG 72 Rl eRZ eR4+R5t AND R6

UDES E VENTS OF TAYLOR 59 ~

~ »» ~ ~ ~ » ~

5 ~ 521 0.098 AVERAGE (ERROR INCLUDE S SCALE FACTOR OF 1 ~ 31
5 ~ 533 0 ~ 089 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
5 ~ 588 0 ~ 030 FROM F IT {ERROR INCLUDES SCALE FACTOR OF 1 1 )

( SE E IDEOGRAM BELOW )

9/66

9/66
6/66
6/ee

10/70
9/72
9/72

LIE j:6HTEO AVERAGE = 5 .521 + .0 .098
ERR(jR SCALED BY 1 .3

Rl CHAR ~ K I NT 0 (MU NEU )/TOTAL ( UNITS 10ss 2) (Pl)
Rl G ( 58 ~ 5) (3 ~ 0) B I RG E 56 EMUL +
Rl 0 (56 9) (2 61 ALEXANDER 57 EMUL +
Rl 0 CLD EXPERIMENTS NQT INCLUDED IN AVERAGING l. /71
R 1 62K 63 ~ 24 0 ~ 44 CHIANG 72 OSPK + 1 ~ 84 GEV/C K+ 9/72
Rl ~ ~ ««» ~ ~ « ~

Rl FIT 63 ~ 50 0 ~ 16 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 01

G 3 G 5G 1 G 4 G 6
G 1 .5133+-.0017
G 2 —~ 3275 ~ 1710+-~ 0013
G 3 —.0991 —.0024 .0452+-.0002
G 4 - ~ 1 076 ~ 0488 ~ 2062 ~ 014 0+- ~ 0004
G 5 ~ 1623» 1977 ~ 1229 ~ 3193 «02 58+ ~ 0007
G 6 —*155 2 — 08 04 ~ 1 532 ~ 0309 ~ 2197 ~ 0390+- ~ 0004

Values above of weighted average,
error, a.nd scale fa.ctor are for the
reader' s convenience only. The
data were a,ctually processed by a
constrained fit program, which
calculates its own values of x, gx,
and scale factor, which are differ-
ent from the values shown here.

10 .CHARGE D K DECAY RATES

Wl CHAR ~ K I NTC MU NEJ (UNITS 10s's'6 SEC-1) ( Gl)
Wl 51 ~ 2 0 8 FORD e7 c NTR +-
Wl ~ ~ ~ ~ ~ ~ ~ ~ »

Wl F IT 51 ~ 33 0 17 FROM F IT ( ERROR INCLUDES SCAL E FACTOR OF 1 ~ 2 )

W2 CHAR ~ K I NTQ P I P I+ PI- (UNITS 10''+6 SEC-1) ( G3)
HIZ F (4 ~ 4961' ( 0«030) FORD 67 CNTR +- SEE NOTE F
W2 F 3 ZM (4 5291 (0 032) FORD 70 ASPK SEE NOTE F
W2 4 511 0 024 FORD 70 ASPK SEE NOTE
W2 F THE LAST ( S THE COMBINED RESULT OF FORD 67 AND FORD 70
W2 ~ ~ ~ « ~ ~ ~ ~

W2 FIT 4 51 7 0 ~ 023 F ROM F I T ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1 )

8/67

8/67
11/70
11/70 "

4.5

~ PANDOULAS 70
. YOUNG 65

ARCO 65
LEE 64
AHRN 64

61

5.0 5.5 6.0 6.5 7»0

E t1UL
E I1UL

HBC
HLBC
HLBC
HL8("

CH

0
1
1

0
0
8

(CON
=0.

ISQ

.4

.6
~ 4
.0
.4
.6
LEV
127)

W3 CHAR ~ K I NTQ {TAU) — (TAU PRIME) (UNITS 10''+6 SEC-1)
W3 ( G3-G4)
W3 USED FOR DELTA I = 1/2 TEST ~

W3 »» ~ « ~ » « ~ ~

W3 F IT 3 117 0 039 FROM F IT

CHAR. K TQ (PI PI+ PI-) iTDTAL (UN 10»-2)
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S74 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4

( P4)

+

0)/TOTAL (UNITS 10+~2)
BI RG E 56 EMUL
ALE XANDE R 57 EMUL
TAYLOR 59 EMUL

NOT AVERAGED
ROE 61 HLBC
SHAKLEE 64 HL BC
PANDGULAS 70 EMUL
CHI ANG 72, OS PK

TAYLOR 59 ~

CHAR K INTO ( PI 2P I
(2. 1) (0 ~ 5)
(2 ~ 2) ( 0.4)
(1.5) (0 2 )

EARLIER EXPERI MENTS
1 ~ 7 0 2

108 1.8 0 ~ 2
198 1«53 0.11

1307 1 ~ 84 0 06
INCLUDES E VENTS GF

0
0
0
0

P

P

AVG
STUDENT
F IT

11/67
11/67
10/70

9/72
+
+ 1 84 GEV/C K+

LIEIGHTED AVERAGE = 1 .767 + 0 .071
ERROR SCALED SY 1.4

Values above of weighted average,
error, and scale factor a,re for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, gx,
and scale factor, which are differ-
ent from the values shown here.

« ~ ~ « ~ ~ ~ ~ ~

1 767 0 ~ 071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
1 778 0.063 AVERAGE USING STUDENT10(H/1 11} -- SEE MAIN TEXT
1 ~ 732 0 ~ 045 F RGM F IT (ERRGR .INCLUDES SCAI E FACTOR OF 1 3)

( SE E IDEOGRAM BELOW )

8/66

R15
R15
R15
R15 C

R15 C
R15
R15
R15
R15 C

CHAR ~ K I NT
1 2«45

4 ~ 4
(0 4)

0 ~ 88
32 0

1 ~ 7
0«27

CLINE2 REP

0 ( PI E+ E-) /TOTAL (UNITS 10&+-6')
QR LESS CL= ~ 90 CAMERINI 64
OR L ES S CL= «90 B IS I 67
OR LE SS CL IN E1 67
OR LESS CL= ~ 90 CLINE2 67
OR LESS CL~ ~ 90 BEIER 72
OR LESS CL= ~ 90 CENCE 74
OR L ES S CL= 90 CENCE 74.

LACES CL INE1 ~ C LI NE1 IS NOT FOR

(P15
FBC +
DBC +
FBC +
FBC +
QSPK +-
ASPK + T
ASPK + T
C L= ~ 90 ~

)
8/66

11/67
~ 11/67

2/74
9l 72

HREE TRACK EVTS 10/74
WQ TRACK EVENTS 10/74

2/74

Rl 6 CHAR. K I NTO ( PI NU+ MU-) /TOTA{ (UNITS 10++-6 ) ( P 16 )
R16 3 0 OR LESS CL= ~ 90 CAMERINI 65 FBC +
R16 2. 4 OR L ES S CL=- ~ 90 B IS I 67 DBC +

8/66
11/67

R17
R17
R17
R17
R17 A VG

R17 STUDENT
R17 FIT

CHAR
134

1045

R18
R18
R18
R18
RI. B AVG
Rl 8 STUDENT
R18 FIT

C HAR ~

2027
17

K INTO {P I P I 0)/TAU
3 24 0 ~ 34
3 96 0 15

(P2) /(P3)
YOUNG 65 EMUL +
CA LLAHAN 66 F BC +

8/66
else

«« ~ ~ ~ « ~ ~

3. 84 0«27 AVERAGE ( ERROR INCLUDES SCAL'E FACTOR OF 1 ~ 9 )
3 ~ 86 0 ~ 16 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
3 ~ 787 0 034 FROM F IT (ERROR INCLUDES SCALE FACTOR GF 1 1)

K I NT 0 (P I 2P IO) /TAU
0 ~ 3 03 0 ~ 009
0 ~ 393 0.099

BISI
YOUNG

( P4) /(P3}
65 H+HL +
65 EMUL +

8/ee
8/66

~ ~ ~ « ~ ~ ~

0.3037 0«0090 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)0.30 37 0 0097 AVERAGE USING S TUDE NT 10(H/1 1 1) -- SEE MA I N TEXT
0 3100 0 ~ 0079 FROM F IT ( ERROR INCLUDES SCALE FACTOR 0 F 1 ~ 3 )

R14 CHAR K INTO ( PI PI+ PI- GAMMA) /TOTAL ( UNITS 10++-4)
R14 {P14)
R14 1 0 0.4 STAMER 65 EMUL + EGAN GT 11MEV

1.6

. CHIANG 72 OSPK
-PANDOULAS 70 EMUL
. SHAKLEE 64 HLBC

61 HLBC

2.0, 2. 4

CHISQ
1.5
4.6
0 ~ 0
0.1
6.3

(CONLEV
=0 «100)

R19 CHAR. K INTO
R19 2845 0 632
R19 38 0 ' 90
R19 H 1505 (0 510}
R19 H1505 0 503
R19 H HAI DT 71 IS
R19 ~ ~ ~ ~ «

R19 AVG 0.536
R19 STUDENT 0 527
R19 F IT 0 ~ 572

~ 8/66
8/66

11/68
12/70

LIEIGHTED AVERAGE = 0.536 + 0 ~ 054
ERROR SCALED BY 3.2

( MU P IO NEU ) /T AU {P5) /(P3)
0 ~ 035 BI SI 1 65 H+HL +
0 ~ 16 YOUNG 65 EMUL +

(0 ~ 017} EI CHTEN e8 HL BC +
0 «019 HAIDT 71 HLBC +

A REANALYS I S OF E I CHT EN 68 ~

~ ~ « ~

0.054 AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 3 ~ 2 )
0«025 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE HAIN TEXT
0.016 FRGN F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 8 )
( Sk E IDEOGRAM BELOW ]

CHAR. K INTO (PI 2PIO) +TOTAL (UN 10»-2)
R5
R5
R5
R5
R5
R5
R5

'R5

R6
R6
Re
R6
R6
R6
R6
R6
R6
R6
R6

R7
R7
R7
R7
R7
R7
R7
R7
R7

9/72

CHAR ~ K INTO (E PIO NEU)/TOTAL (UNITS 10++—2) (P6)
(3 2) (1 3) BI RG E 56 EMUL +
(5 1) (1~ 3) ALEXANDER 57 EMUL +

L I ER EXPERIMENTS NOT AVERAGED
5. 0 0 5 RGE
4.7 0 3 SHAK LEE
4 86 0 ~ 10 CHIANG

~ « ~ ~ ~ ~ ~ ~ ~

4 ~ 849 0 ~ 093
4. 85 O. 10
4 824 0 ~ 052

0
0
0 EAR

429
3516

AVG

STUDENT
FIT

1.1/67
11/67
9/72

61 HLBC +
64 HLBC +
72 0SPK + 1 ~ 84 GEV/C K+

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 ~ 11} -- SEE MAIN TEXT

FROM F IT {ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
CHAR K I NT 0 ( P I2 + MU3) /TOTAL ( UNITS 10++-2) ( P2+ P5)

WE COMBINE THESE TWO NODES FGR EXPTS MEASURING THEM IN XENON BC
BECAUSE QF DIFF ICULTIES OF SEPARATING THEN THERE

23 ~ 4 1 ~ 1 ROE 61 HLBC +
886 25. 4 0 ~ 9 SHAKI EE 64 HL BC +

11/67

11/67
11/67

AVG
STUDENT
FIT

~ ~ ~ ~ ~ \ « ~ ~

24 60 0 98
24. 61 0.83
24«36 0 ~ 15

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 4)
A VERAGE USI NG STUDE NT10{H/1 ~ 11 ) —SEE MAIN TEXT

FROM F IT ( ERROR INCLUDES SCALE FACTQR OF 1 1 )

CHAR. K INTO (MU PIO NEU)/TOTAL (UNITS 10++—2) (P5)
0 (2 8) {1 0) BI RGE 5b E MUL +
0 (5 9) (1 3) AL EXANDER 57 EMUL +
0 (2 8) (0 4) TA Y LGR 59 EMUL +
0 EARL IER EXPERIMENTS NOT AVERAGED

2345 3 ' 33 0 ' 16 CHIANG 72 OSPK + 1 ~ 84 GEV/C K+
« ~ ~ « ~ ~ ~ ~

FIT 3 197 0 ~ 086 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 7)

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, hx,
and scale factor, which are differ-
ent from the values shown here.

. HAIDT
YOUNG

BISI .1

71 HLBC
65 EMUL

65 H~HL

Q . 0.6 1.0
CHARGED K INTO (MU PIO NEU). &TAU

CHISQ
3.1

7.5
10.5

(CONLEV
=0.001)

R8
RB
RB
RB

R9
R9

R10
R10

Rll
Rjl
Rlj
Rlj
Rlj

R12
R12
R12
R12
R12
R12
R12

R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13

K+ INTO ( P I+ P I+ E— NEU ) /TOTAL ( UNITS 1 0++-7) ( P8)
20 OR I ESS CL= 95 BIRGE 65 FBC +

0 6«9 OR LESS CL= 95 ELY 69 H! BC +
0 9 0 OR LESS CL= ~ 95 SCHWEINBE 71 HLBC +

K+ INTO ( P I+ P I- MU+ NE U)/TOTAL ( UNITS 10++—5) ( P9)
1 0 77 0 ~ 54 0 ~ 50 CLINE 65 FBC +

K+ INTO (PI+ P I+ MU- NEU)/TOTAL (UNITS 10++—6) (P 10)
0 3 ~ 0 QR LESS CL= ~ 95 BI RGE 65 FBC +

CHAR ~ K I NTO ( E NEU ) /TQT AL (UNITS I 0&&—5 ) (Pll )
160 0 OR LESS CL= ~ 95 BORREANI 64 HBC +

4 2 1 1 8 1 ~ 3 BGWEN 67 OS PK +
BQWE N RESULT SHOULD BE CORRECTED TG 1 9 (+1 7g —1«2) BECAUSE GF
K+ TO E+ NEU GAMMA DECAYS BEFORE COMPARING WI TH BGTTERILL 67 R28

8/66
10/69
9/71

slee

8/66

ll/67
8/67

CHAR K INTO ( P I GAMMA GAMMA) /TOTAL (UNITS 10+&—4)
{P17)

ASSUME A PHASE SPACE PI CN ENERCY SPECTRUM 2/72
CHEN 68 GSPK + T(PI) 60-90 MEV 9/73
KLEMS 71 OSPK + T(PI )GT 117 MEV 8/71
LJUNG 73 HLBC + 6-102g114-127MEV 9/73
ABRAMS 77 SPEC + T(PI ) LT 92 MEV 12/77

AL L VALUE S GI VEN HERE
-0 ~ 1 O. e

0 0«5 QR LESS
0 0. 35 QR LESS
0 -0 ~ 42 0 «52

C L= .90
C L= ~ 90

8/66
10/69
12/75

1/73
8/72
9/73
9/73
9/73

11/76
3/78
1/76
9/73
1/73
1/73
1/73

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 «0 )
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAI N TEXT

CHAR«K INTO ( P I PI 0 GAMMA) /TOTAL (UNI TS 10+&-4} (P13 )
0 18 (2 2) {0 7) CL INE 64 FBC + P I+ KE 55-80 NE V

0 1.9 OR LESS CL=. 90 EMNERSON 69 OSPK PI+ KE 55-80 MEV
M 0 1 ~ 0 OR LESS NALTSEV 70 HLBC + P I+ KE LT 55 ME V
A2100 2 71 0 ~ 19 ABRANS 72 AS PK +- P I+ KE 55-90 MEV

0 24 (2 ~ 4) {0 ~ 8) EDWARDS 72 OSPK P I+ KE 58-90 HEV
L (I ~ 5) (1 ~ I} (0,6) LJUNG 73 HI BC + PI+ KE 55-80 MEV
L (2 ~ 6) (1.5) (1 ~ 1) L JUNG 73 HLBC + P I+ KE 55—90 MEV
OL 17 (6.8) (3«7) { 2«1 I LJUNG 73 HLBC + P I+ KE 55—102MEV

2461 2 ~ 87 0 ~ 32 SMITH 76 WI RE +- P I+-KC 55-90 MEV
G ONLY HIGH STAT I ST ICS E XPER IMENTS ARE AVERAGED

M MALT SEV 70 SELECTS LOW P I+ ENERGY TQ ENHANCE DIR ECT EMISSION CONTR
L THE L JUNG 73 VALUE S ARE NGT I NDE PENDENT
A ABRAMS 72 OBSERVES. DIR ECT EMISSION BR ~ RATIO OF ( 1«56+-0 35)+10++-5
A +-0 5oj 0&0-5 ADDNL SY ST ERROR AND INNER BR EMSSTRA HLUNG BR RATIO
A OF ( Z ~ 55+-0 ~ 18) & 10&+-4 ~ WE QUOTE THE SUM OF THESF BR. RAT I GS.

« ~ ~ ~ ««« ~ ~

A VG 2 ~ 75 0«16
STUDENT Z 75- 0 ~ 18

K INTO (E PIO NEU)/TAU
0 90 0 ~ 06
0 90 0.16
0 94 0 09

( 0. 846) (0 021)
0 850 0 019
0«856 0 ~ 040
71 IS A REANALYSIS OF

R20 CHAR
R20 230
R20 37
R20 854
R20 H 4385
R20 H4385
R20 2827
R20 H HA I DT
R20
R20 A VG

R20 STUDENT
R20 FIT

( Pe) /(P3)
64 HBC +
65 EMUL +
67 HL BC
68 HLBC +
71 HLBC +
75 HL BC +

BORREANI
YOUNG
BELLGTT2
EICHTEN
HAIDT
BRAUN

E ICH TEN 68

8/66
8/66

1}./67
11/68
12/70
12/75

~ « ~ ~ ~ « ~ ~

0 858 0 ~ 016 AVERAGE {ERROR INCLUDES SCALE FACTOR. OF 1 0 )0.858 0 018 AVERAGE USING STUDENT10(H/1. 1 1) -- SEE MAIN TEXT
0. 8633 0 0098 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

K+ INTO (PI
69 6 ~ 7

269 5 83
500 7«36
106 7 0
30K 7 21

R21
R21
R21
R21
R21
R21
R21
R21 AVG
R21 STUDENT

+ PI- E+ NEU
1 5
0 63
0 68
0 9
0 32

~ ~ ~ « ~~ ~ ~ ~

6 98
7 02

0 26
0 ~ 29

)/TAU (UNITS 10&+-4) (P7}/(P3)
BI RGE 65 F BC +
ELY 69 HLBC +
BOURQU IN 71 ASPK
SCHWEINBE 71 HLBC +
RQSSELET 77 SPEC +

8/66
11/68
12/71
9/71

11/77

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 ~ 11) —— SEE HAIN TEXT

R22 K+ INTO {PI+ PI — MU+ NEU)/TAU (UNITS 10++-4) (P9) /(P3)
R22 1 (2«5) APPROX GREINER 64 EMUL +
R22 7 2 ~ 57 ' 1 55 BI SI 67 DBC +

8/66
11/67

8/67
3/68
1/78
1/78
1/78

R23 CHAR «K INTO ( E PI 0 NEU) /(MU2+PI2) ( UNITS 1 0&+-2) ( Pe) /(Pl+P2)
R23 1 679 5 89 0 ~ 21 CESTER 66 OSPK +
R23 5110 6 16 0 22 ESCHSTRUT 68 OSPK +
R23 W 5.92 0.65 ' WEISSENBE 76 SPEC +
R23 W VALUE CALCULAT ED FROM W EI SSENBERG 76 K E3y KMU2y KP I2 VALUES
R23 W TO E L INI NATE DE PE NDE NC E ON OUR 1 974 TAU AND TAU-PRIME F RACT IGNS ~
R23 ~ ~ « ~ « ~ ~ ~ ~

R23 AVG 6 ~ 01 0 ~ 15 AVERAGE ( ERROR INCLUDES SCAL E FACTOR OF 1.0 )
R23 STUDENT 6 ~ 01 0«17 AVERAGE USING STUDENT10(H/1 ~ jl ) —SEE MAIN TEXT
R23 F IT 5 ~ 698 0 ~ 067 FROM F IT ( ERROR INCL UDES SCAL E FACTQR GF 1 ~ 1)
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Particle Data Group: Review of particle properties S75

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

R24
R24
R24
R24
R24
R24
R24
RZ4
RZ4
RZ4
RZ4

R25
R25
R25
R25
R25
R25
R25
R25
R25
R25
R25
R25

R26
R26
R26
R26
R26
R26
R26
R26
R26
R26
R26
R26

R27
R27

, R27
R27
R27
R27

CHAR K INTO (PI P IO)/{ MU NEU) ( P2) /(Pl)
A 451 7 0 32 77 0 ~ 0065 AUERBACH 67 OS PK +

1600 0 305 0 ~ 018 ZELLER 69 ASPK +
W 25K (0 328) (0 ~ 005) WE ISSENBE 74 STRC +

W 0 ~ 3355 0» 0057 WEI SSENBE 76 SPFC +
A AUER BACH 67 CHANGED FROH 32 53+- » 0065» SEE COHMENT WITH RATI C R26

WEISSENBERG 76 REVISES WEI SSENBERG 74
~ »»» ~ ~ \» ~

0 ~ 3307 0 ~ 005 1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
0 ~ 3307 0 ~ 0048 AVERAGE USI NG STUDENT1 0(H/1 ~ 1 1 ) -- S EE MAIN T EXT
0 ~ 3332 0 ~ 0030 F ROM F IT ( ERROR INCL UDE S SCALE FACTOR OF 1 ~ 0)

1/74
10/69
7174
1/78
1 /74
1/78

CHAR«K INTO {MU PIC NEU)/(HU NEU) ( P5) /(Pl)
A 307 0 0486 0 0040 AU ER BACH 67 OS PK +
G 424 0 ~ 0480 0 0037 GARLAND 68 OSPK +

240 0 ~ 054 0 ~ 009 ZELL ER 69 ASPK +
A AUERBACH 67 CHANGED FRGH ~ 0602+- 0046 BY ERRATUH WHICH BRINGS THE

MU-S PECTRUM CALCULAT ION INTO AGREEMENT WITH GAILLARD 70 APPENDI X 8
G GARLAND 68 CHANGED FROM ~ 055+-e 004 IN AGREEMENT WITH MU-SPECTRUM
G CALCULATION OF GAILLARD 70 APPENDI X 8 L G ~ PGNDRQM PRIV ~ COMM {73)

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 0488 0 ~ 0026 AVERAGE {ERROR INCLUDES SCALE FACT'OR OF 1 ~ 0 }
STUDENT 0 0487 0 0028 AVERAGE USING STUDENT10(H/1 ~ 1 1 ) -- SEE HAIN TEXT
FIT 0» 0503 0» 0014 FROM F IT ( ERROR I NCLUDES S CAL E FACTOR OF 1 7 )

1/74
1/74

10/69
1176
1/74
1/74
1/74

CHAR ~ K I NTG ( MU NEU) /T AU (P 1) /(P3)
R 427 ( 10 38) ' (0 82) YOUNG 65 E MUl +
R DELETED FROM OVERALL F IT B ECAUSE YOUNG 65 CONSTRAINS HI S RESULTS e
R TO ADD UP TO 1 ~ GNl Y YOUNG MEASURED MU2 DIRECTLY

~ » ~ ~ ~ » ~ » ~

F IT 11 364 0 ~ 072 FROM F IT

9/66

CHAR K INTO ( E P IO NEU }/( HU NEU) (P6) l(PI )
A 2 95 0 ~ 0791 0 ~ 0 054 AU ERBACH 67 OSPK + 1/74

960 ~ 0775 ~ 0033 BQTTERI1 68 ASPK + 5/68
561 0 069 0 006 GARLAND 68 QSPK + 4/68
350 0 ~ 069 0 ~ 006 ZELLER 69 ASPK + 10/69

A AUERBACH 67 CHANGED FROM ~ 0797+- 0054 SEE COMMENT WITH RAT I 0 R26 ~ 1/74
A THE VALJE 0785+- ~ 0025 GIVEN IN AUERBACH 67 I S AN AVERAGE OF 3 /74
A AUERBACH 67 R25 AND CE STER 66 R23. 3/74

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 0752 0 0024 AVERAGE {ERROR INCLUDES SCAL E FACTOR OF 1 ~ 01
STUDENT 0 0753 0 ~ 0027 AVERAGE USING STUDENT10(H/1 ~ 1 1 ) -- SEE HAIN TEXT
F IT 0 ~ 07597 0 ~ 00091 FROM F IT l ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

R42 CHAR ~ K INTO (P IO MU NEU GAM)/TOTAL (UNITS 10+&-5) ( P28)
R42 0 6 ~ 1 OR LES S C L= ~ 90 L JUNG 73 HL BC + E 6AM GT 30 HEV

R43 CHAR K I NTQ (E PIO NEU)/(PI PIO) (P6) /(PZ)
R43 L 786 0 221 0 ~ 012 LUCA S2 73 HBC — D ALIT Z PRS ONLY
R43 L LUCAS 73 GIVES N( E31=786+-3 1PCTy N(PI 2) 3564+-3 1PC Te WE DI VIDE
R43 ~ » ~ ~ ~ ~ ~ » ~

R43 F IT 0 ~ 2280 0 »0031 FROM F IT ( ERROR INCL UDE S SCALE FACTOR OF 1 1 )

R44 CHAR ~ K INTO (P I 2P IO)/( PI PI 0) (P4) 1(P2)
R44 L 574 0»081 0 ~ 005 LUC AS2 73 HBC — D AL I TZ PR 5 ONLY
R44 L LUCA S 73 G I VE S Nl PI 2PI 0) =574+-5 ~ 9 PCT g N( P I2 )=3564+-3 ~ 1 PCT ~

R44 L WE QUOTE 0 ~ 5+8( P I 2P IO)/N( PI 2) WHERE 0 5 I S BECAUSE ONLY DALI TZ
R44 L PAIR PIO' S WERE USED
R44 ~ ~ ~ ~ ~ ~ ~ ~ ~

R44 F IT 0 ~ 08 19 0 ~ 0022 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)

R45
R45

CHAR ~ K I NTO(MU NEU GAMMA )/TOTAL ( UNITS 10+»)'-3) ( P12 )
12 5 ~ 8 3»5 EISSENBE 74 ST RC + E-GAHMA GT 9 MEV

R46
R46 B
R46 8

R47
R47
R47 H

R47 H

R47 H

CHAR K INTO (PI E+ E-)/( PI+ PI- E NEU) (UNITS 10++-3 ) ( P15) /(P7)
41, 7 ~ 0 1 ~ 3 BLGCH 75 SPEC +
BLOCH 75 QUOTES THIS RESULT MULTIPLIED BY OUR 1974 KE4 BR ~ FRAC ~

CHAR ~ K INTO ( E NEU GAM ) /( E NEU). {P21)/( Pll )
STRUCTURE DEPENDENT PART WITH + GAHMA HEL ICITY ~

56 (1~ 05) (0~ 25) (Oe 30) HEARDl 75 SPEC + P(E) 236 TQ 247
THIS VALUE IS INCLUDED IN THE SECOND HEINTZE 79 VALUE IN SEC R54
BELOW ~

R38 CHAR ~ K INTO (P ID P IO E NEU)/KE3 ( UNITS 1W+-4) ( P24) I (P6)
R38 0 37» 0 OR LESS CLs ~ 90 ROMANO 71 HL BC +
R38 2 3 ~ 8 5 ~ 0 1 ~ 2 L JUNG 73 HLBG +

R39 K+ INTO (PI- E+ MU+) /TOTAL (UNITS 10+f'-8) (P25)
R39 K- INTO (Pj+ E- MU- )/TOTAL IS ALSO INCLUDED HERE
R39 2 ~ 8 GR LESS CL ~ 90 BEIER 72 QSPK +-

R4.0 K+ INTO ( P I+ E+ HU- )/TOTAL {UNITS 19&+-8) ( P261
R40 K- INTO {PI — E- MU+)/TOTAL IS ALSO INCLUDED HERE
R40 1 ~ 4 OR LESS CL= 90 BE IER 72 OSPK +-

R41 CHAR K INTO ( HU 3NEU) /TOTAL {UNI TS 10+»)c-6) (P27 )
R41 P 0 6 ~ 0 OR LESS Cl = ~ 90 PANG 73 CNTR +
R41 P PANG 73 ASSUMES MU SPECTRUH FROM NEU-NEU INTERACT IQN OF BARDIN 70»

12/71
9/73

9/72

9/72

11/73
3/74

9/73
9/73

11/73
11/73

11/7 3
11/73
11/73
11/73

7/74
7/74

11/75
11/75

1]./75
11/75
11/75

R28
R28
R28
R28
RZS
R28
R28
R28
R28

CHAR
10

8
112
534
404

AVG
STUD E N T

K INTO (E
l»9
1 8
2 42
2e 37
2 ~ 51

~ ~ ~ ~ \

2 42
2 ~ 42

11'/67
4/69
1/73

11/75
2/76

NEU)/{MU NEU) (UNITS 10++-5) (Pll)/(Pl)
0 ~ 7 0 ~ 5 BOTT ERILL 67 AS PK +
0 8 0» 6 MACE K 69 AS PK +
0 ~ 42 C L ARK 72 GSPK +
0 ~ 17 HEARD2 75 SPEC +
0 ~ 15 HE INTZE 76 SP EC +
~ ~ ~

0 ~ 11 ' AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 »0)
0 12 AVERAGE USING STUDENT10(H/1 ~ 111 -- SEE HAIN TEXT

R48 K+ INTO ( PI+-MU-+E+)/ (P I+P I-E NEU) (UNITS 10++-4) {P 25+P26) I( P7)
R48 D 0 1 9 OR LESS CL= ~ 90 DI AMANTBE 76 SPEC +
R48 0 DIAMANTBE 76 QUOTES THIS RESULT TIHES OUR 1975 KE4 BR RATIO»

R49 K+ INTO ( P I+ MU+ E- )/(P I+PI — E NE U) {UNI TS 10»I'+-4) ( P29) /( P7)
R49 0 0 1 ~ 3 OR LESS C L& «90 DIAMANTB E 76 SP EC +
R4 9 D D IAMANTBE 76 QUOTE 5 THI S RESULT T I MES OUR 1975 K E4 8 R RATIO ~

11/76
11/76
11/76

11/76
11 /76
11/76

R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
RZ9
R29

R30
R30
R30
R30
R30
R30
R30
R30
R30
R30
R30
R30
R30
R30

R31
R31
R31

R32
R32
R32
R32
R32
R32
R32
R32

R33
R33
R33

R34
R34

CHAR K INTO (P IO E NEU GAMHA)/(P IO E NEU) ( UNITS 10++-2)
( P18 )I (P6)1.2 0 8 BELLOTTl 67 HLBC + EGAM GT 30MEV

0 76 0 28 ROHANO 71 HL BC E GAM GT 10MEV
(0 ~ 53) (0 22) ROMANO 71 HLBC + '

EGAM GT 30 HEV
0 ~ 48 0 20 L JUNG 73 HLBC + EGAM GT 30 HEV

(0 22) (0 ~ 15) (0 10) L JUNG 73 HLBC + EGAM GT 30 MEV
RST L J UN G VALUE IS FOR COS(ELECT-GAMHA) L T 0» 9g S ECQND VALUE I S
R CQS{ EL ECT-GAMMA) BETW 0 ~ 6 AND 0 ~ 9 FOR COMPARI SDN WITH ROHANOe
TH RQHANO VALUES ARE FOR CQS(ELECT-GAMMA) BETW 0 ~ 6 AND 0 ~ 9 ~

COND VALUE IS FGR COMPARISON WITH SECOND L JUNG VALUE ~

USE LOWEST EGAM CUT FOR TABLE VALUE ~ SEE RQHANQ FOR EGAM DEPEND ~

~ ~ ~ ~ ~ ~ »» ~

AVERAGE MEANINGLESS (S CALE FACTOR & 1 0)

R 13
R

L 16
L

FI
L FQ
R BQ
R SE
R WE

K- INTO (PI+ E- E-)/TOTAL {UNITS 10+&-5) ( P19)
TEST OF LE PT CN NUH BER CONS ERV AT ION

1 5 OR LESS CHANG 68 HBC

CHAR K INTO l PI NEU NE U) /TOTAL (UNITS 10++-6) {P20 )
C (1 '4) QR LESS CL= 90 KLEHS 71 QSPK + T(PI) 117-127MEV
C (0»94) OR LES S CL= 90 CABL E 73 CNTR + T (P I ) 60-105 ME V

C 0 ~ 56 OR LESS CL= ~ 90 CABLE 73 CNTR + T (PI) 60-127 MEV
L 0 57 ~ 0 OR LESS CL=»90 L JUNG 73 HLBC +
C KLEMS 71 AND CABLE 73 ASSUME Pj SPECTRUM S AME AS KE3 DECAY ~

C SECOND CABLE LIMIT COMBINES CABLE AND KLEHS DATA FOR VECTOR I NT ~

L L JUNG 73 ASSUMES VECTOR INTERACTION

CHAR K INT0 {E NEU GAMHA)/TOTAL (UNITS 10++ 5) {P21)
H 7. 1 OR LESS MACEK 70 OS PK + P lE) 234 TQ 247
M ABOVE IS MEASUREMENT OF STRUCTURE-DEPENDENT DECAY ONLY

CHAR ~ K I NTQ (PI GAMMA) /TOTAL ( UNITS 10'44-6) (P22 )
4 ~ 0 QR LESS CL= ~ 90 KLEMS 71 OSPK +

CHAR K INTO {MU P IO NEU)/( E P I 0 NEU) ( P5) /{ P6)
C1509 0 703 0»056 CA LLAHA1 66 HL BC

5601 0.667 0 ' 017 BQTTERI 2 68 ASPK +
H 1398 (0 604) (0 ~ 0221 E ICHTEN 68 HL BC
H {0»596) (0.025) HAIDT 71 HLBC +
03480 0»698 0 ~ 025 CH IANG 72 QSPK + 1 ~ 84 GEV/C K+
L 554 0 705 0 063 LUCAS2 73 H BC — GAL ITZ PRS ONLY

8 1585 (0 608) (0 014) BRAUN 75 HLBC +
0.67 0 12 WE ISSENBE 76 SPEC +

E ( 0» 6701 ( 0 ~ 014) HE INTZE 77 SPEC +
COMMENTS

C FROM CALLAHANl 66 WE USE ONLY THE MU3/E3 RATIO AND DQ NOT
C INCL UDE IN THE F IT THE RAT I GS MU3/TAU AND E3/TAVE SI NCE THEY SHOW
C LARGE DISAGREEMENTS WITH THE REST OF THE DATA

H HA I 0T 71 I S A REANALYSI S OF E I CHTEN 68 ~

H CNLY INDI V IDUAI RAT IGS INCLUDED IN F IT ( SEE R 19 AND R20)»
D CHIANG 72 R29 I S STATI STI CALLY I NDEPENDENT OF CHI ANG 72 R5 AND R6 ~

L LUCAS 73 GIVES N( MU3 )=554+ 7e 6PC Tt N( E 3) 786+ 3 ~ 1 PCTe WE DI VIDE»
8 BRAUN 75 VALUE IS FROM FORM FACTOR FIT ASSUMES MU- E UNIVERSALI TYe
E HEINTZE 77 VALUE F RQiM FIT TQ LAMBDAO ASSUMES MU-E UNIVERSALITY ~

~ ~ ~ ~ ~ ~ ~ ~ »

AVG 0» 679 0 ~ 013 AVERAGE (ERROR INCLUDES SCAL E FACTOR OF 1 e0)
STUDENT 0 679 0 ~ 01 5 AVERAGE USI NG STUDENT1 0(H/1 ~ 1 1 ) SEE MAIN T
F IT 0 663 0 018 FROM F IT (ERROR INCLUDES SCALE FACTOR QF 1~ 7)

6/68
6/68

10/68
12/70

9/72
11/73
1/76
1/78

12/.77

11/68
9/72

11/73
1/76

12/77

ll/67
10/71
9/73
9173
9/73
9/73
9/73
9/73
9/73
9/73

3/68

3174
2/74
2/74
9/73
3/74
2/74
9/73

12170

8/71

R50
R50 D
R50 D

R50 D
R50 D
R50 D

CHAR K INTO ( MU NEU E+E-)/(P I+Pl-ENEU) (UNITS IO++-3) (P30)/l P7)
14 (3~ 3) ( 0 ~ 9) DI AMANTBE 76 'SPEC + M(EE) GT 140
14 27 ' 8 ~ DIAMANTBE 76 SPEC + EXTRAPOLATED BR
DIAM ANTBE 76 QUOTE S THE SE RESULTS T I MES OU R 1975 K E4 BR RAT IO ~

THC SECOND DIAHANTBE 76 VALUE IS THE FIRST VALUE EXTRAPOLATED TO 0
.TO INCLUDE LQW MASS E PAIRS ~

R51 K+- I NTQ( P I-+E+-E+-)/ (P I+P I-E NEU ) UNITS( 10++-4) (P 19) /( P7)
R51 D 0 2» 5 OR LESS CL= ~ 90 DIAMANTBE 76 SPEC +
R51 D DIAHANTBE 76 QUOTES THIS RESULT TIHES GUR 1975 BR RATIO

R52 K+- I NTQ( HU-+ NEU E+- E+-}/( PI+PI-E NEU) ( UNITS 10++-31 (P31)I ( P7)
R52 D 0 0 ~ 5 OR L ESS CL= ~ 90 DIAMANTBE 76 SPEC +
R52 D 0IAMANTBE 76 QUQTES THIS RESULT T I MES OUR 1975 KE4 BR RATIO ~

R53 K+ INTO (NEU E+ E+ E-)I (PI+PI — E NEU) (UNITS 10&+-2) (P32)/{ P7)
R53 t 0» 54 0 ~ 54 0 ~ 27 D I AMANTBE 76 SP EC +
R53 D DIAMANTBE 76 QUOTES THIS RESULT TIHES OUR 1975 KE4 BR RATIO ~

R54
R54
R54 H

R54 H

R54 H

R54 H

CHAR ~ K INTO (E NEU GAM)1(MU NEU) (UNITS 10++-5) (P21)/(Pl)
STRUCTUR E DEPENDENT PART W ITH + GAMMA HEL IC ITY
51 (2 ~ 33) (0 ~ 42) HEI NTZE 79 SP EC +

107 2 ' 40 0 ' 36 HE INTZ E 79 SP EC +
SECOND HE I NTZE 79 RESULT IS FIRST COMBI NED W I TH HEARD1 75 R ESUL T
FROM SECTION R47 ABOVE.

R56
R56

CHAR ~ K I NTQ ( E NEU NEU NEUBAR) /(E NEU) (P33 )/ (Pll )
0 3 8 OR LESS GL= 90 HE INTZE 79 SPEC +

Note on Slope Parameter for K ~ 3Ti Decays

As was discussed in Section VT. B.l of the

text, , for the 3Ti decays of the K mesons we list
the slope parameter "g" which is defined, as in

that section, by

2(s —s ) (s —s- &+~ ' ' +)l
)

R55 CHAR ~ K I NTO ( E NEU GAM) /(HU NEU) (UNI TS 10++-4) ( P21 )/ ( Pl)
R55 STRUCTURE DEPENDENT PART WITH — GAHMA HELIC ITY
R55 H 1 ~ 6 OR LESS CL ~ 90 HEINTZE 79 SPEC +
R55 H IMPLIES {AXIAL VEC /VECTOR) AHPL ~ RATI0 OUTSIDE RANGE -1 8 TG — 54

11/76
11/76
11/76
11/76
11/76
11/76

11/76
11/76
11/76

1 1/76
11/76
11/76

11/76
11/76
11/76

7/79'
7/79'
7/79+
7/79~

7/79+
7/79+

7/79+
7/79f

R35 CHAR K INTO ( TAU) /l TAU PR liNE )
R35 USED FOR DELTA Isl/2 TEST
R35 ~ ~ ~ ~ ~ ~ ~ ~ ~

R35 F IT 3 22 6 0 ~ 082 FROM F IT

( P3/ P4} (s —s ) f s2 —s&)2 j.
(

1

R36
R36

R37
R37
R37
R37

CHAR ~ K INTO (P I 3GAMMA ) /TOTAL ( UNI TS 10+f'-4) {P23)
3 ~ 0 OR LESS CL~ ~ 90 KLEMS 71 OSPK + T(PI) GT 117MEV

K+ IN)0 (PI+ P I+ E- NEU)/(PI+ PI- E+ NEU) ( UNI jS 10++-4) (PS) /(P7)
0 130, OR LESS CLs ~ 95 BOURQUIN 71 ASPK

B 3 3»6 OR LESS CL= ~ 95 BLOCH 76 SPEC
B CORRESPONDS TQ 3E10-4 AT CL= e90 ~

8/71

8/76
8/76
2 1804'

where
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S76 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

2
(p —p) = (m —m) — 2m T.

3 K i K j K
(2)

1 v 1 2 2 2 2
s = —

g s. = —(m +m +m +m )0 3 i 3 K 1 2 3
(3)

+ 0 0 +
K ~ VT Tl 'lT

p , p. are the four-vectors for the K and the
i pion, and the index 3 refers~ th (4)
to the odd pion, i.e. , the third pion
in the decays listed below.

We refer to the three possible charged decays as
and T

+ + + +
T K M Yr VT 'lr

correction is larger than the experimental errors

and is not well known, it. is difficult to interpret
these results. DEVAUX 77 also finds a non-zero k.

Because of the above evidence for quadratic
0

terms, and for consistency in our treatment of C

+
and T decay, we now include in our averages only

those T and T experiments for which we have

information on the three coefficients g, h, and

k. Corre lations prevent us f rom comparing fi ts
which do not include these three parameters. For

decays we compile g and h only since no

experiments measure k.

Parametri zations

0 + — 0
K M vr TT TT

L

The measurements of g vary considerably beyond

the authors ' quoted errors as can be seen in the

ideograms associated with the GT+, GT-, and GTP
+

subsections of the K Data Card Listings and the

GTO subsection of the K Listings. Appendix I
discusses tests of the AI = 1/2 rule utilizing these

In the literature other defi ni ti ons of slope

parameters have appeared. We have converted to the

definitions of g, h, j and k in Eq. (1) from

whatever experimental quantity has been reported.
We give the conversion to the de finition (1) for'

the most widely used parametrizations and tabulate

the conversion factors for the reader's convenience.

a) For analysis of charged K's and some K

slopes.

There is no indication of a CP-violating

asymmetry in K decay as measured by the coeffi-
L

cient j given in subsection JTO of the K Listings.
L

The high-statistics I -decay experiment of

NE,'SSNER 74 finds significant non-zero quadratic

coefficients h and k. CHO 77, a lower-statistics
experiment, obtains results in agreement with

NESSNER 74 but can also obtain good fits with a

linear term (g) only. The correlation between the

linear and quadratic coefficients changes the CHO

exper imen ts,

wi th

the expression often used is:
1 + a Y+b Y +d X+e X

2
y y y

Q3
Q

V3 &T,-T, ~

g = m -)m.
K

77. g from 0.629 + 0.017 ( linear fit) to 0.681 +
0

0.024 (quadratic fit) . Another exper iment
„

The relevant formulae are:

PEACH 77, does not observe this correlation and is
in agreement. only with the linear fit of CHO 77.

There is some evidence for a non-zero k

coe fficient from T experiments. FORD 72 (l.5N
+ + +

events) have studied K ~ Tl 7T Ti and find that the
with

3 3 0
Y +

2 m QK
2 - m Q

/DF goes from 1.38 to l.20 for DF = 150 when the

second order and CP —violation terms are added.

However, the authors state that since their Coulomb

m —
m~ ( m +m

Rev. Mod. Phys. , Vol. 52, No. 2, Part ll, April 1980
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

-c (a + 2b &)
y y y

j+ a 6+b
y y

term only, but define

Tmax 3 Q
2

2c b

1+ah, +bh,
y y

The relevant transformation is then

—2au
1 + a c

wj th
c

y y

v3 (1+a h+b h )
y

Cu

4m

3m~+

2

23(1+a 6+b h, )y y IMI' = 3. + a
T3

d) lder K analyses were done using

2

3c
2 m Q

b} For the analysis of some K experiments with

-c av v
1+dav v

The relevant transformation is then

the expression used is

3. + 2a„2 K
t m

2 3 3max
'7r+

cv

2
m +77

2
2m

K

2

+ b
I

(2T3-v )
2 3 3max

m+

and

d = (1+ ~)v 3m
K

with

T3max

(m —m ) — (m + m )
2 2

2m

2 0e) Tbe cz' —violating te~ in IMI for K.
L

+ 0
7i 7T 7T experiments has been parametri zed in several

The relevant transformations are

T = — + —(1+6)0 Q

3 2m ' 3
K

—2a — b ct
2bt

1 + a c +

ways. BLANPIED 68 and SCRIBANO 70 use the parame-

trization given in (b) above with no quadratic term

and with an additional CP violating term. BLANPIED

68 parametrizes the CP-violating term as

2V (T —T )
K

m
7r+

The relevant transformation is then

wi th

2btct
1 + a c +

4

0

1 + c a

with ct as defined in (b) above. SCRIBANO 70

parametrizes the CP-violating term as

ct
2In

K
2

m +7T

—Q(1+ h) — T
2
3 3 max

2 '1 '2
s~3 12max

c) Othe r K authors use the same form of0

matrix element as given in b) above with a linear
where T is the maximum kinetic energy of

12max
particle 1 or 2, the charged 7I's, given by

Rev. Mod. Phys. , Vol. 52, No. 2, Part Il, April 1980
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Stable Particles Data Card Listings
For notation, see key at front of Listings.

T12max

2 2
(m — m ) —(m + m )K 1 2 3

2m
K

10 CHARGED K ENERGY DE P ENDENCE OF DAl IT Z PLOT

RELATED TEXT SECTION V I B ly APPENDIX Ip AND MINI —REVIEW ABOVE

MATRIX ELEMENT SQUARED = 1 + G+U + H+U++2 + K+V++2
WHERE U=( S3- SO) /(MPI ~~2) AND V=(S1-S2 )/( MPI++2 )

I /79~
I /79+

2
m +7rj

~S rn j 2max

0s(1+ca)

SMITH 70 gives the asymmetry

The resulting transformation is then
GT+ LINEAR COEFFICIENT G FOR TAU DECAYS K+ —& P I+ P I+ P I-
GT+ SOME E XPT S USE DALI TZ VARI ABLE S X AND Y WE GI VE AY=COEF F OF Y

GT+ TERM AT RI GHT ~ S EE M IN I-. REV I EW ABOVE
GT+ZL 5428 ( —0 221 (0 ~ 024) Z I KGHENKO 67 HBC + AY=0 ~ 28+- 03
GT+ L 9994 {-0 218) (0.016) BUTLER 68 HBC + AY=0 277+- 020
GT+ G17898 ( 0 ~ 196) (0 ~ 0 12) GRAUMAN 70 HL BC + AY=0 ~ 228+- 030
GT+ 750K —0 ~ 21 57 0 0028 FORD 72 AS PK + AY=0 2734+ — 0035
GT aH 39819 -0.200 0 .009 HOFF MA STE 72 HL BC +
GT+ 22 5K —0. 2221 0.0065 DEVAUX 77 SPEC + AY=0. 2814+- ~ 0082
GT+ L EXP ER IMENT S W I TH LARGE ERROR S NOT I NCL UDED IN AVERAGE
GT+ Z ALSO INCLUDES 0 BC EV ENT S
GT+ G EMUL S DATA ADDED — ALL EVENTS INCLUDED BY HOFFMAST ER 72
GT+H HOFFMASTER 72 INCLUDES GRAUMAN 70 DATA
GT+ ~ ~ 1 ~ ~ ~ ~ ~

GT+ AVG -0 ~ 2154 0 ~ 0035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 4)
GT+ STUDENT -0 ~ 2156 0 ~ 0028 AVERAGE USING STUDENT10( H/1 11) -- SEE MAIN

( SE E IDEOGRAM BELD'W )

}./7M
1/ 79'4
1 /794

10/69
10/69

8/70
1/79+
1/79~
I /794
3/78

1/71
I/79~

TEXT

WEIGHTED A VERAGE = -0 .2154 + 0 .0035
ERROR SCALED BY 1.4

where N is the number of events with Tl & T and
+

N is the converse. BLANPIED 68 gives the relation
0 = Qt/l. 16 which allows us to use the trans forma—

B
tion to j given above for BLANPIED 68.

For the reader ' s convenience we give a table

of numerical values for g, T, T
3max ' 12max '

c , c , and d , obtained using the masses from the
u v v

current edition.

—0.24 --0.22 -0.20 —0.1El

CHISQ
UX 77 SPEC 1.0
MASTE 72 HLBC 2.9

72 ASPK 0.0
4.0

C CONLEV
=0.135)

LIN. ENERGY DEP. FOR K+ TO PI+ PI~ PI-

T3max
T12 max

cu
c
dv

74.97

48. 08

48. 08

0.0000

0.7895

0.0962

0.0000

0.0400

0.0506

84.18
53.20

53.99
-0.0790

0.7031
-0.0769

-0.2247

0.0400

0.0523

83.57

53.89

53.12

0.0798

0. 7025

0. 3204

0.2272

0.0393

0.0604

HT+ QUAD
HT+ 750K
HT+ 39819
HT+ 225K
HT+
HT+ AVG
HT+ STUDENT

RATIC COEFF H FOR K+ --& P I+ PI+ P I-
0 ~ 0187 0.0062 FORD 72 ASPK +

—0 009 0 ~ 014 HOFFMASTE 72 HL BC +
—0 0006 0 ~ 0143 DE VAUX 77 SPEC +
~ 0 0 ~ ~ ~ ~ ~

Oo 0122 0 ~ 0076 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41
0 ~ 0124 0 ~ 0065 AVERAGE USING STUDENT10{H/1 11) -- SEE MAIN TEXT

(SE E IDEOGRAM BELOW )

I/79~
1/79+
1 /79+
1/794

L{EIGHTED AVERAGE = 0.0122 + Q. Q076
ERROR SCALED BY 1.4

Re ferences

See the re ference sections of the K and K

Data Card Listings.
-See also the review of T. J. Devlin and J. Q .

Dickey, Rev. Mod. Phys. 51, 237 (1979), which —0.04 0.00 0.04

CHISQ
0 .Ei

2.3
1 1
4.2

C CONLEU
=0 .123)0.0'

DEVAUX 77 SPEC
.HOFFMASTE 72 HLBC
FORD 72 ASPK

contains an analysis of K ~ 2Ti and K~ 37T data in

terms of tr ans i tion amp li tudes wi th appropri ate

energy dependence.

QUAD . COEFF . H FOR K+ -- ) PI+ PI~ PI-

1/79~
I/79+
1/79+
1/79+

KT+ QUAD
KT+ 750K
KT+ 39819
KT+ 2?5K
KT+
KT+ AVG
KT+ STUDENT

RAT IC COEFF e K FOR K+ --& P I+ P I+ P I-
-0~ 0075 0 ~ 0019 FORD 72 ASPK +
-Oe 0105 0 ~ 0045 HDFFMASTE 72 HLBC +
—0.02 05 0 e 0039 DEVAUX 77 SP EC +

~ F ~ ~ ~ ~ ~ ~ 0

-0~0101 0 ~ 0034 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 ~ 1)
-0~ 0094 0 0021 AVERAGE USING STUDE NT10 (H/1 ~ 11) -- S EE MA IN TEXT

( SEE IDEOGRAM BELOW )
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»ta Card Listings
For notation, see key at front of Listings.

Stable Particles

L)EIGHTED AVERAGE = -0.0101 ~ 0.0034
ERROR SCALED BY 2.1

I/79+
1 /794'
I /79+
1/79+
1/79»
I/79~
I /79+
I /79~

HTP QUADRATIC CQEFF H FOR CHAR K --& PI P IO P IO SEE MINI-REVIEW ABOVE
HTP 40 t8 0 ~ 02 6 Oo 050 DAVI SON 69 HLBC + ALSO EMUL

HTP L 198 (0 ~ 018) (0 ~ 124) PANDOULAS 70 EMUL +
HTP 1365 -0 01 0 ~ 08 AUBERT 72 HL BC +
HTP 5635 0 041 0 030 SHEAFF 75 HLBC +
HT P 27K 0 ~ 009 0 ~ 040 SMITH 75 MIRE +
HTP L 4639 {0 164) ( 0~121) BERTRAND 76 EMUL +
HTP 3263 0.152 0 ~ 082 BRA UN 76 HL BC +
HTP L EXPERIMENT S WITH LARGE ERRORS NOT INCLUDED IN AV ERAGE ~

HTP
HTP AVG 0 ~ 034 0 020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
HTP STUDENT Oe 033 0 ~ 022 AVERAGE USING STUDENT10(H/1 11) —SEE MAIN TEXT

+ 0Note on K and K Form Factorsk3 R3

EVAUX 77 SPEC
OFFI1ASTE 72 HLBC
ORD 72 ASPK

-0.03 -0.02 -0.01 0.00 0.01
QUAD. COEFF . K FOR K+ --& PI+ PI+ PI-

CHISQ
7.2
0.0
1.8
9.0

CCONLEU
=0.011)

HT- QUAD
HT- 50919
HT- 750K
HT-
HT- AVG
HT- STUDENT

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 ll) —SEE MAIN TEXT

KT-
KT-
KT-
KT-
KT-
KT-

QUADRATIC COEFF
50919 -0 014

750K —0 0083

AVG
STUDENT

-0 0084
-0 ~ 00 84

K FOR K- —& PI- PI — PI+
0 ~ 012 MAST 69 HBC
0 ~ 0019 FORD 72 AS PK

0 0

0, 0019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
0 ~ 0020 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

1/79~
1/79+
1/ 794

DG
DG
DG

( ( GT+) —( GT-) ) /( ( GT+) +( GT-) ) I N PERCENT:
A NON-ZERO VALUE FOR T HIS QUANTITY IND ICATES CP VIOLATION

3 2M -0 70 0+53 FORD 70 AS PK 1 1/70

LINEAR CQEFFI CIENT G FOR TAU PRIME DECAYS CHAR o K --& P I PI 0 PIO
GTP UNL ES S OTHE RW I SE STATED y ALL EXP T S INCLUDE TERMS QUADRAT I C IN
GT P (S3-SO)/(MP I++2 ) ~ S EE MINI-REVIEW ABOVE ~

GTP K 1792 (0.48) (0.04) KALMUS 64 HLBC +

GTP
GTP K 1874 (0 586) (0 ~ 098) BISI 65 Hl BC + ALSO HBC

0 ~ 544 0 ~ 048 DAVI SON 69 HLBC + ALSO EMUL
GTP L 198 (0 527} (0 102) PANDOULAS 70 EMUL +
GT P 1365 0 ~ 67 0 ~ 06 AU BERT 72 HL BC +
GTP K 574 ( Oe 484) ( 0 ~ 084) LUCAS2 73 HBC — DAL ITZ PRS ONLY
GT P 5635 0 630 0 038 SHEAFF 75 HLBC +
GTP 27K Oo 510 0 060 SMITH 75 WIRE +
GT P L 4639 (0 ~ 806) ( 0e220) BERTRAND 76 EMUL +
GTP 3263 Oo 670 0 ~ 054 BRAUN 76 HLBC +
GTP K AUTHORS GI VE LINEAR FI T ONLY ~

GT P L EX PER IMENT S WITH LARGE ERRORS NOT INCLUDED IN AVERAGE ~

GTP
GTP A VG 0+ 607 0 ~ 030 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 3
GTP STUDENT 0~610 0 027 AVERAGE USING STUDENT10(H/la 11) —SEE MAIN

(SEE IDEOGRAM BELOW )

I/79+
1 /79+
1/79+
1/794'
1/79+
I/79+
1/794'
1/79+
I/794
1/79+

)
TEXT

GT — L INEAR COEFFICIENT G FOR TAU DECAYS K- —& PI — PI- PI+
GT- FOR DEFINIT ION OF AY SEE NOTE IN SECTION GT+ ABOVE

GT-ML 5778 {-0 190) (0 023)
GT- F 1347 (-0~ 220} (0 035) FERRO-LU Z 61 H 8 C — AY=0 28+- ~ 045 10/69

GT- 50919 -0 ~ 193 0 ~ 0 10
MOSCOSQ 68 HBC — AY=0 242+- 029 10/69
MAST 69 HBC — AY=0 244 +- 013 1/7M

GT- Q 81K ( -0, 199) (0 00 )
GT- 750K -Oi 21 86 Oo 0028 FORD 72 AS PK AY=0 2770+- ~ 0035 I/79+

GT- F NO RADIATI VE CORRECTIONS INCLUDED
e0 8) LUCAS1 73 HBC — AY~0 252+- ~ 01~ 0 252+- ~ 01 1 10/72

GT- L EXP ER IMENT S WITH LARGE ERRORS NOT INCLUDED IN AVERAGE ~

GT- M ALSO INCLUDES OBC EV ENT S
E ~ 3/78

GT- Q QUADRATIC DEPENDE NC E I S REQUI RED BY KL EX PTS ~ FOR COMPAR ISO
Q VER AGE ONLY THOS E K+- EXP ER IMENT 5 WHIC H QUOTE QUADRATIC F I T VALUES, I/79+

~ ~ ~ ~ 0 ~ ~ ~

GT- AVG -0.2167 0 0066 AVERAGE (ERROR INCLUDES SCALC FACTOR QF 2 ~ 5)
GT- STUDENT -0 2173 0.0031 AVERAGE USING STUDENT 10(H/1 ~ 11) -- SEE MAIN TEXT

RATIC CQEFF H FOR K- --& PI- P I- PI+
0 ~ 012 MAST 69 H BC

0 0125 0.0062 FORD 72 AS PK 1/794

0 0097 Oe0055
0 0098 0 ' 0061

Definitions of the parameters A. ((0)+ I I 0 I

! f /f ! and !f /f ! and a general discussion of the
methods of analysis are given in Section VI B.2 of
the text.

This note . describes the .contents of the Data

Card Listings for the two K parametrizations
p3 I

(~, ((0) ) and (~, A ), whiah were discussed in
the text. Problems related to our data entries for
individual experiments are discussed and a compari-

son of results is given.

—p3
K Experiments

The matrix element for K decay assuming a
p-3

pure vector aurrent, is given by Eq. (2) in Seation
VI B.2 of the text. Most experiments appear to be

compatible with the assumption that f depend

linearly on t and that f is aonstant. Only DALLY

72 (K ) appears to require A. P 0 (by about three
standard deviations) . A single data bin at low q

seems to be responsible. The effect is not observed

in the high-statistias experiment of DONALDSON2 74
0(also K ) .
p3

E (0) Parametrization: A, data from K-—+ + 'p3

deaay are entered into the K and K sections of
L

the Data Card Listings in subsection L+M. The

aorresponding E(0) values are entered in subsection

LIEIGHTED AVERAGE = 0 .607 + 0 .030
ERROR SCALED BY 1 ' 3

XIA, XIB, or XIC, depending on whether Method A, B,
or C, discussed below and in the text, was used.
The data carcIs contain the values, one-standard-

deviation errors AA, and 6( (0), as well as the
aorrelation d((0) //dX, all indicated on the e

likelihood contour below. The correlations are
given on the right side of the ((0) data cards.

N

H

FF
RT
SON

0.4 0.5 0.6 0.7 O. B 0.9
LIN. ENERGY DEP ~ FOR K TO PI PIO PIO

CHISQ
76 HLBC 1 .3
75 LJIRE 2 .6
75 HLBC ' 0.4
72 HLBC 1.1
69 HLBC 1 ~ 7

7.2
CCONLEU
=0.127)

Parametrization: This parametriza-

tion is used in recent K analyses. To facilitat
p3 e

comparison between experiments, we convert earlier
experiments from the (X,((0) ) parametriza'tion to
(~, A. ) whenever possible (i.e. , when A, and ((0)+
values, errors, and correlations are given) . The

Rev. Mod. Phys. , VoI. 52, No. 2, Part II, April 1980
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Sta )fe»rtieJes
K+

ICIe Data Gl'OU . R Iew of partIcIe

Slope
dg (0)
d X+

A. , = A. + aE(O)

2 (1 + 2a dg(0}
) ~y2 2 2

dk
0 dE (0)
+ dX+

trans format 'ation between th ese parametriz a ions is:

We convert

section L0

e so that
essentiall quivalent

subsections XIA

e three
XIB, and XIC .

Individual analana yses have used a varie
parame tri z at 'a 1ons

a variety of
oblems arise when

express th eir' r'esul ts 3

w en trying to
s in terms of the a

zations used

s i e parametri-
ere. The d'use . discussion of these
o ree sections corres o

three meth d0 8 of anal
esponding to the

yses discussed in the
Method A-

in the text.
Dalitz lot analyses and

spectrum analyses u

pion
na yses usually determine

(or A. } vaj
ne and E (0)

va ues, errors and correlation.
measurement

ion. Such

s are enteered -in the L+M, XIA a

subsections. The

XIA, and LO

ns. They give rise to the err
shown in Fi

e error ellipses
n igs. 1 and 2. Th ese are a r

to likelih d

pproximations
i ood contours .

F
ata ( 3rd L&stin

«««tion ~ &«key at f~ont L0 2$tingg

/(= m m —m ). The X value

standard-dev ' r
ue, the one-

ev'iation error AA. , andev' r , and the correlation
are given in subs section LO

cards.
of the data

CALLAHAN

CHIANG?~2

-HEiNTZE?~
9$

Py+~/K ep-

-O. l

XBL 762-2298

Fig�.

l . One-s~ t d d deviatio i e

XBL 762-2297 A

Fig- 2. One--standard-deviationion (e )
e . ) plane for K

A/3
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

Some analyses of this type fix X and determine+
E (0), e.g. , CARPENTER 66 and PEACH 73 (both K ) .

p3
Ne enter g (0) and dg (0) /DA. in the XIA section and

give the fixed A. value in the data card footnote.+
The g (0) error is parenthesized because it does not.

include the uncertainty in
results, transformed to A.

0

to bands in Fig. 2. These

the value of X . These+
measurement, s, give rise
bands are also approxi-

mations to the likelihood contours. The actual
likelihood bands would not be. straight.

In some cases, we alter an error from its
published value in order to obtain an error ellipse
with a width which matches the error in F. (0) for

K

1" (K ) /1" (K )p3 e3

g(0)

0.663 + .018(S=1.7)

-O. 2O + .15 (S=1.7)

o.695 + .017

+0.08 + .13

DF (0) /dk -10.3

+0.014 + .012{S=1-7) +0.037 + .011

a coshiaed result by using the relations in the

text and our fitted values of 1 (K ) /I'(K ) ande3
I' (K. ) /1" (K ), which include the branching rat. ios0 0

p3 e3
from these experiments. The branching ratios from

our current, edition and the results for E (0) and ~0

evaluated at X = 0.030 are

fixed A. . These adjustments -are noted in the F(0)+
data card footnotes, e.g. , for CALLAHANl 66 and

+
HAIDT 71 (K subsect. ion XIA), where the published

DX /DA. +0.04 +0.12

errors and correlation violate the constraint

~C~ ~

& 1 on the normalized correlation coefficient

C~~ given by

F( )
A. E D, E dh.

In some cases, e.g. , BRAUN1 73, t.he parametri-
* *

zation used is ~ r ( (0), E (t ), where t is the+'
weighted average of t with weighting according to
the sensitivity to F. In this case we do not use

((0). It is a badly determined parameter comparable

to A, or the slope of (, (t) . Instead, we use

E(o) = g{t*){1+ g t*)

* * *
(1 + A. t. ) + g(t ) t

The scale factor S is the amount by which the error
has been multiplied in order to compensate for
discrepancies in the branching ratios. These

results give rise to the K /K bands in Figs. 1
p3 e3

, and 2.

Method C: Polarizat. ion experiments measure

(F, (t)), the weighted average of E(t) over the

range of the experiment, where the weighting

accounts for the variation with t of the sensi-

tivity to ( (t) . Such mea surement s are en tered in

subsection XIC.

To reinterpret. these results in the (X , F(0))+'
parametrization, we recognize that X = 0 corre-
sponds to F. (t) constant (always assuming A. = 0) so

that.

g(o) = &F. (t) &

With the BRAUN1 73 values, X = 0.027, E (6.6)+
-0.34 + 0.20, and dg (6.6) /DX = -14, we obtain

+

E (0) = (-0.40 + 0. 24) — 19 (A. — 0.027)+

or for their fitted A. = 0.025 + 0.017, we get+
g (0) = -0.36 + o.40.

jvrethod B: Branching ratio experiments cannot

determine A. and F(0) simultaneously, but simply+
fix a relationship between them, given in Section

VI B.2 of the text. Results are usually quoted as

values of F (0) at fixed A. . Ne list these results+
in subsect. ion XIB, but we do not average them

because the ~ values di ffer. Instead, we compute+

The correlat. ion with X is given by the following+
relations (valid for small & ):+

F(0) = &g(t)& (1 + A. —
2 )

d&(" = &g(t))
c& m+ 'iT

where ( t/m & is the average value of t weighted by2
Tr

the sensitivity to ( (t) . These results, trans form-

ed to X and DX0/dk values, are entered in sub-
+

section Lo and give rise to bands in Figs. 1 and 2.
In Figs. 1 and 2, we disregard those polari-

Eation measurements for which d((0) /dA. is not.

Rev. Mod. Phys. , Vol. 52, No. 2, Part Il, April 1980



Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of I.istings.

obtainable. Also we disregard NERLAN 73 because

.the signs of ( (0) and dE (0) /dA. are opposite,+
whereas the above equation requires them to be the
same (since t & 0) .

Comparison of K Experiments: Figur es 1 and
p3

2 show the likelihood contours in the (~, A. ) plane+ E

+ 0for K and K respectively.
p3 p3
The K Dalitz plot results (ellipses) shown

p3
are fairly consistent and appear to cluster between

the K /K result and the polarization results of
p3 e3.

BETTELS 68 and CUTTS 69. The K results are much
p3

less consistent with a small cluster appearing in
the neighborhood o f the DONALDSON2 74 result.

fits to the results shown in Fig. 1 and

Fig. 2 yield the following values for A. and A.+
The corresponding values of ( (0) are also given.

0.030 + 0.003
+

0.019 + 0.004
0

clearly dominates the statistics in the K case.p3
The A. value is consistent with the K 3 value of+ e3

and with the pole approximation+'

f(t) = f()
m —tK*

Their f (t) extrapolates linearly to the Callan-

Treiman point. It is less than two standard

deviations from the K /K result.
p3 e3

K Experimentse3
The f term of the matrix element [Eq. (2) text

dA. /dA.

X/»2

g(0)

dg (0) /dA.

+0.026 + 0.008*

—0.003 + 0.007*

-0.11

40/19

1.5

-0.35 + 0.14*

-14.

+0.034 + 0.005

+0.022 + 0.006*

-0.30

76/14

2. 3

-0.14 + O. ll

Section VI B.2 ] can be neglected for K becausee3
it is proportional to the lepton mass. The f term+

2= 2is usually assumed to be linear in t = q = (P —P )K

the square of the four-momentum transfer, i.e. ,

the effective mass of the lepton pair. We quote

the linear coe fficient X {L+E on the data cards) .+
There has been some suggestion of departure from

0linearity [CHIEN 71 (K ) and Chounet, Gaillard,
1and Gaillard —Review] but no compelling evidence.

The g results are fairly consistent and the
average values are

K: g = 0.0285 + 0.0043+
e3 +

*All errors have been increased by the scale
Ifactor S = (X /DF) ' to take into account the

discrepancies between measurements.

In view of the large X /DF of these fits,
especially K, the fit results should be taken0

p3
with a grain of salt. The largest contributors ' to

2 +in the K case are CHIANG 72 with 8.1, and
p3

the polarization results, BETTELS 68 with 6.8 and

CUTTS 69 with 5 .5. In the K case the largest0

p3
contributors are the polarization results of
SANDNEISS 73 with 18, LONGO 69 with 14, and CLARK

77 with 10, and the Dalitz plot results of ALBROW

72 with 11, ALBRECHT 74 with 5.9, and PEACH 73 with
25. 5. All other X values were less than 5.

The DONALDSON2 74 result

Ke3 0.0301 + 0.0016+ (S = 1.2)

where the K error has been multiplied by thee3
scale factor l. 2 to compensate for inconsistencies

0(see ideogram in K section L+E) .
L

See also the excellent reviews of Gaillard and
1 2

Choune t, Chounet, Gail lard, and Gai liard, and
3Pondrom.

Physics Reports 4C 199 (1972)
3. L. G. Pondrom, "Weak Decay Processes, " Proc.

Particles and Fields 1976, BNL, Oct. 6-8, 1976.

l. M. K. Gaillard and L. N. Chounet, "K Form

Factors, " CERN 70-14 (May 1970), and Phys.

Letters 32B, 505 (1970) .
2. L. N. Chounet, J. N. Gaillard, and N. K. Gaillard,

Rev. Mod. Phys. , Vol. 52, No. 2, Part l l, April t 980



Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

10 CHARGED K FORM FACTORS

RELATED TEXT SECT IGN V I B ~ 2 AND MINI-RE VIE W ABOVE ~

IN T
F+ A

FS A

Fo
L+r
L+ R
DX I/
DLO/
T
DP
PI
MU

PGL=
BR
E
RC

HE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIAT IGNS ARE USED.
ND F — ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT ~

ND FT REFER TQ THE SCALAR AND TENSOR T ERM ~

(F+) + ( F- ) &T/( MK&&2- MP I+&2)
L- AND I 0 ARE THE LINEAR EXPANSIGN CGEFFS OF F+r F- AND Fo ~

EFERS TQ THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS
DL IS THE CQRR ELAT ION BETWEEN XI (0) AND L+ IN KMU3.
DL+ I S THE CORRELATION BET HEEN Lo AND I + (N KMU3

MOMENTUM TRANSFER TG THE PI Ill UNITS OF MPI++2 ~

GAL IT Z PLOT ANALYS I S
PI SPECTRUM ANALYSIS
MU SPECT RUM ANALYSIS
MU PQLARI ZATI ON ANALYS IS
KMU3/KE3 BRANCHING RATIO ANALYSI S
POSIT RGN OR EL ECTRQN SP ECTRUM ANAL YSI 5
RAOI A TI VE CORRECTIONS

XLA
XIA
XI A

XI A

XI A

XI A

XI A

XIA
XI A

XI A

XIA
XI A

X IA
XIA
X I A

XI A

XI A

X I A

XI A

XIA
XI A

XI A

XI A

XIA
XI A

XI A

XI A

XIA
XIA
XIA

1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
3/74

11/75
3/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
3/74
3/74

11/75
3/74

XIB = F-/F+ (DETERMINED FROM KMU3/KE3)
THE KMU3/KE3 BRANCHING RATIO FI XES A RELATION SHIP BETWEEN XI {0)
ANO L+ ~ WE QUOTE THE AUTHORS Xi (0) AND ASSOC IATED L+ BUT DG NGT

AVERAGE BECAUSE THE L+ VALUES DI FF ER. THE F I T RESULT AND S CALE
FACTOR GIVEN IN THE ABOVE NOTE QN KL3 FORM FACTORS ARE NQT OBTAINED
FROM THESE XI 8 VALUE S. INSTEAD THEY ARE OBTAINED DI RECTLY FROM THE
F ITT ED KMU3/KE3 RATIO ( R29) ~

-0. 17 0.75 0 99 SHAKLEE 64 XEBC + BRt L+=0
+o. e 0 ~ 5 BI SI 1 65 HBC + BRr L+=0

500 +0.8 0.6 CUTTS 65 QSPK + BRr L+=0
636 +0» 4 0 ~ 4 CALLAHA1 66 FR BC + BRr L+=0
306 +0.75 0 50 AUERBACH 67 QSPK + BR t L+=0

8 5601 (-0.08) (0 15) BOTT ERIL2 68 ASPK + BRr L+~. 023+- 008
E 1398 (-0 60) (0 ~ 20) EICHTEN 68 HLBC + BRt SEE NOTE E

986 +1.0 0 6 GARLAND 68 QSPK + 8Rr L+~0
+0. 91 0. 82 ZELLER 69 ASPK + BR ~ L+= 023

8 -0.35 0 22 BGTTERIL 70 QSPK + BR r t.+= ~ 045+- ~ 015
E1505 -0 81 0 27 HA IDT 71 HLBC + BRr L+= 028 ~ FIG. 8

5825 0 0 0» 15 CHIANG 72 GSPK + BRr L+= ~ 03r FIG 10
H 55K -0.12 0.12 HE INTZE 77 CN TR + BRt L+~ ~ 029
8 BQTTERIL 70 I S REE VALUATIQN OF BQTTERIL 2 68 WITH DIFFERENT L+

E EICHTEN 68 HAS L+= ~ 023+- 008 T=4 INDFP ~ OF L- REPL ~ BY HA IDT 71.
H CALCULATED BY US F RGM LO AND L+ GIVEN BELOW

~ ~ ~ ~ ~ ~ » ~ ~

F IT D I SC U SSE D IN NGT E ON KL3 F GRM FACTORS ABGV E ~

XIB
X I 8
XI 8
XI B
XI 8
XI 8
XIB
XIB
XI B
XI 8
XI 8
XIB
XI 8
XI 8
XIB
XI 8
XIB
XIB
XIB
XI 8
XIB
XLB
XI 8
XI 8
XIB

1/74
1/74
1/74
2/76
2/76
2/76
1/74
1/74
1 /74
1/74
1/74
1/74
1/74
1 /74
1/74
1/74
1/74
1/74
3/78
}./74
1/74
3/78

XIC
XIC
XIC
XIC
XI C

XIC
XI C
XIC
XIC
XI C

XIC
XI C
XIC
X I C
XI C
XIC
XIC
Xl C

XIC
XI C
XIC

X IC = F-/F+ (DETERMINED FRGM MU POLARIZATION IN KMU3)
THE MU PGLARI ZAT ION IS A MEASURE OF X I (T )» NQ ASSUMPTIONS ON L+-
NECESSARYr T (WEIGHTED BY SENSITIVITY TG XIO) SHGULD BE SPECIFIED

IN L+ XI (0} PARAMETERIZAT ION THIS IS XI( 0) FOR L+ 0. DXI /Dt XI+7
F CR RAD CGRR ~ TG MUON PGLARI ZATI GN IN KMU3 S EE 6 INS BERG 71

T 2100 (+1 2} (2 4) (1 8) BQRREANI 65 HLBC + PGI ARIZATI CN

T 500 BTWN -4 0 AND +1 7 CUTTS 65 QSPK + LONG ~ POL ~

T 397 ( —1 4} (1 8) C A LLAHA}. 66 F R BC + TOTAL PGL
T 2950 (-0 ~ 7) (0.9] (3.3) CALLAHA1 e6 FRBC + LONG. PQL.
86000 —1 ~ 0 0 ~ 3 BETT ELS 68 HLBC + TOTAL PGL T=4 9
C3133 —0 95 0 ~ 3 CUTTS 69 GSPK + TOTAL PGL T=4 ~ 0

M 40K {-0 64 ) (0.27) MERL AN 74 ASPK + PGLr DXI/DL +1 7
Dl 585 -0. 25 1 ~ 20 BRAUN 75 HLBC + PQL T=4 2

T T VALUE NOT GIVEN ~

8 BETTELS 68 DXI /DL=XI&T=-I 0+4.9=-4.9
C CUTTS 69 T=4 ~ 0 WAS CALCULATED FROM F IG 8 DXI /OL=XI+ T=- ~ 95+4=-3.8

M MERI AN 74 POLARIZATION RESULT (FIG 5 } NGT POSSIBLE. SEE DI SCUSSIQN
M OF POLARIZATION EXPERLMENTS IN NOTE GN K13 FORM FACTORS ABOVE ~

D BRAJN 75 OXI/DL=X I&T=- ~ 25&4 2=-1 0 ~

~ » ~ ~ ~ ~ ~ ~ ~

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE»

8/67
1/74
8/67
8/67
1/74
1/74
3/74
1/76

1/74
1/76
lf 76
1 /76

IXI
IX I
I XI
IX I
IXI
IXI
IXI

I MAGI NARY
2648 0.0
397 +1.6

2950 0 5
6000 —0 ~ 1
3133 —0. 3

»» ~ ~

IXI ' AVG -0 ~ 09
IX I STUDENT -0.10

PART OF XI
1 ~ 0
1 ~ 3
1 4
0.3
0 ~ 3

(TEST OF T REVERSAL)
CALLAHA1 66 FRBC
CALL AHA1 66 FR BC

0. 5 CA LLAHAl 66 F RBC
BETTELS 68 HLBC

0.4 CUTT S 69 QS PK

+ MU
+ . TOTAL POL»
+ LONG ~ POL»
+ TOTAL POL ~

+ TOTAL PQL» FIG 7

1/74
1/74
1/74
1/74
1/74

~ » ~ »

0 21 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1»0)
0.23 AVERAGE USING STUDE NT10 (H/1» 11) -- S EE MAIN T EXT

L+M
L+M
L+M
L+M
L+M
L+M
L+M
L+ M

L+M
L+M
L+M
L+M
L+M
L+M
L+M

NEAR ENERGY DEPENDENCE OF F+ I N K MU3 DECAY )
CORRESPONDING ENTRI ES AND FOOTNOTES IN SECTICINS XIA r

LAMBDA + { LI
SEE ALSO THE
XICr ANO Lo ~

FOR RAD ~ C Q R.
444 0.0

2041 0 009
3240 0 ~ 050

A4025 O. 024
3480 —0.006
1897 0 ~ 02 5

490 0. 025
6527 0 027

A ANKE NBRANDT
~ ~ ~ ~ ~

F LT D ISCUSS ED IN

RRA WY 70
PI
PI
DP
P I
DP
DP
DP
DP

T G IVE S ~ 024+- 022

OF KMU3 DP SEE GINSBURG 70 AND BECHE
0 05 CALLAHAl 66 FRBC +
0 ~ 026 KI JEWS KI 69 QS PK +
0-018 HA I OT 71 HL BC +
0.019 ANKENBRAN 72 ASPK +
0 015 . . CHIANG 72 GSPK +
0 ~ 017 BRAUN1 73 HL BC +
0.030 ARNOLD 74 HL BC +
0.019 MERLAN 74 ASPK +

72 L+ FROM F IG ~ 3 TG MATCH OX I/DL ~ TEX
~ » ~ »

NOTE QN KL3 FORM FACTORS ABOVE ~

3/74
1/74
1/74
1/74
1/74
1/74
3/74
7/74
3/74
1/74

XI A = F-f F+. ( DETERMINED FROM SPECTRA)
76 (+1.8) t 0»6) BRGHN 62 XE BC + D P+ BRt L+= 0
87 (+0.7) (0 5 } GIACQMELL 64 EMUL + MU+BR RVUE t 1+=0

J ( —0 08) (0 ~ 7) JENSEN 64 XEEC + OP+BR(KMU3 KE3)
2648 (0 ~ 0) ( 1 1 ) ( 0 ~ 9) CALLAHA1 66 FRBC + MU L+=0 T UNKN

C 444 +0. 72 0 93 CALLAHA1 66 FRBC + P Ir DXI/DL=-17
78 ( —0 ~ 5) (0 9) EI SLER 68 HLBC + P I r I+=Dr NG DX/DL

K2041 ~0 ~ 5 0.8 KI JEW SKI 69 QSPK + P Ir DXI /DL~-26
H3240 -1 ~ 1 0»56 HA IDT 71 HL BC + DPt DXI /DL=-29
A4025 —0 ~ 62 0 2 8 ANKENBRAN 72 ASPK + PIr DXI/DL=-12
83480 +0 ~ 45 0 28 CHLANG 72 OSPK + DPr DXI/DL -15
D1897 -0 36 0.40 BRAUNl 73 HLBC + DPr DXIf QL=-19
N 490 —0. 8 0.8 ARNOLD 74 HLBC + DPr DXI/DL= —20
M6527 —0. 57 0 ~ 24 MERLAN 74 ASPK + DPr DXI/DL= -9

J J ENS EN 64 GIVES L+M=L+E=-. 020+- 027 DXI /OL UNKNQHN INCLUDES
J SHAKLEE 64 X I Bt KMU3/KE3)

C CALL AHAN 66 TABLE 1 ( P I ANAL) GIVES DX I /DL= ( ~ 72- 05 ) I (0-.04 }=-17r
C ERROR RAISED FROM 80 TG AGREE WITH DXI 0= 37 FOR FIXED L+
K KI JEWSKI 69 F IG 17 WAS USED TO OBTAIN DX I/DL AND ERRORS ~

H HAIDT 71 TABLE 8 ( DP ANAL) GIVES DXI/DL=(-1 ~ 1+0 5)/( 050- 029)=-29t
H ERROR RAIS ED FROM»50 TG AGREE W ITH DXI 0= ~ 20 FOR F I XED .L+.
A ANKENBRANDT 72 FIG ~ 3 WAS USED TG OBTAIN OX I/DL»
8 CHIANG 72 FIG 10 WAS USED TG OBTAIN OXI/DL
8 FIT HAD L-=L+ BUT WOULD NGT CHANGE FOR L-=0 ~ L POND ROM PRIV CGM 74
D BRAUN1 73 GI VES XI ( T)=- ~ 34+- ~ Zor DXI ( T) /DL+=-14 FOR L+= ~ 027 r T 6 ~ 6
0 WE CA LCULAT E ABOVE X I {0 ) AND DX I ( 0) /DL+ FOR THE! R L+= ~ 025+- ~ 017
N ARNOLD 74 FIG. 4 WAS USED TG OBTAIN XI A AND DXI/DL ~

M MERLAN 74 FIG 5 WAS USED TG OBTAIN DXI /DL ~

~ »»» ~ »»» ~

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE ~

Lo LAMBDA 0 (L INEAR ENERGY DEPEN'DENCE OF Fo IN KMU3 DECAY)
LO WHEREVER PGSSI BLEt WE HAVE CGNVERT EO THE ABOVE VALUES OF XI ( 0)
LO VALUES OF Lo USI NG THE A SSGCI ATED I+M AND OX I /9L
Lo W 444 +0 ~ 058 0 036 CALLAHA 1 66 F R BC +
LO L 6000 —0 063 ( 0 ~ 024) BE'TT ELS 68 HL BC +
Lo L 3133 —0 056 {0.024) CUTTS 69 OSPK +
Lo W 2 041 -0» 03 1 0 ~ 045 KI JEWSKI 69 OSPK +
Lo W 3240 —0 039 0 ~ 029 HAIDT 71 HL BC +
Lo W 4025 -0 026 0 ~ 013 ANKENBRAN 72 ASPK +
LO W 3480 +O. O3O O. O14 CHI A NG 72 GS PK +
Lo D1897 —0 008 0 ~ 020 BRAUNl 73 HL BC +
LO 490 -0.04 0 0 ~ 040 ARNOLD 74 HL BC +
LO B t -0» 01 7) ( 0 ~ 011) BRAUN 74 HL BC +
Lo M 6527 -0» 019 0 ~ 015 MERLAN 74 ASPK +
Lo L 1585 +0 ~ 008 0 ~ 097 BRAUN .75 HL BC +
Lo H 55K +0 019 t 0 ~ 010) HE INTZE 77 SPEC +
Lo W Lo C ALCU LATED BY US FROM X I or L+Mr AND OXI /DL ~

Lo L ' L 0 VALUE I S FOR L+ =0» 03 CALCULATED BY US FRG M X I 0 AND DX I/ OL
Lo '

D THIS VALUE ANO ERROR ARE TAKEN FRQH BRAUN 75 BUT CORRESPOND TC
Lo D BRAUN1 73 I+ M RESULT OLD/DL+ IS FRGH BRAiJN1 73 DX I /DL IN XI A

LO 8 BRAUN 74 I S A COMB INED KMU3-KE3 RESULT ~ I T I 5 NQT I NOE PENDENT
Lo 8 BRAUN1 73 {KMU3) AND BRAUN2 73 ( KE3) FORM FAC TGR RE SULTS ~

Lo M MERL AN 74 Lo AND DLO/0 L+ WE RE CALCULAT ED BY US F RQM XI Ar I+Mt
Lo M DXI/OL ~ THEIR F IG 6 G IVES Lo=-0 025+-0 012 AND NG DLO/0 L+.
l 0 H HEINTZE 77 USES L+=0 ~ 029+—0 003 ~ DLO/DL+ ESTIMATED BY US ~

LO ~ » ~ »» ~ ~ » ~

Lo F IT DISCUSSED IN NGT E QN KL3 FORM FACTORS ABOVE

INTO

P I t 0 LO/0 L+ =-0 3 7
PGLt DLO/DL+=+. 60
PCLr DLO/DL+=+ 69
P Ir DLO/DL+~- 1.10
DPr OLO/ DL+=-1 34
P I DLO/DL+=+0 03
DPr DLO/DL+= —0 2)
DPr DLO/DL+=-0 53
DP ~ DLO/DL+~-0. 62
KMU3/KE3 VS» T
0 P r D LO/0 L+ =+0.27
PGL r DLO/DL+=+ ~ 92
BRt DL0/DL+=+0 03

THE
ABV
OF

AND

1/74
1/74
1/74
1 /74
1/74
1/74
1/74
1/76
7/74

1 1/75
3/74
1/76

12/77
1 /74
1/74
1/76
1/76

11/75
11/75

3/74
3/74

12/77

3/74

8/67
8/67

11/67
8/67
8/67
6/68
6/68

10/69
11/71
9/72
3/74

11/75
3/74
1/76

11 /75
11/75

FS
FS
FS
FS
FS 2707
FS 4017
FS 2827
FS
FS AVG
FS STUDENT

FSfF+ RAT I G OF
18 QR.30 OR

0. 23 OR
0 ~ 14
0 ~ 13 OR
0. 00

~ ~ ~ ~ ~

0 ~ 125
0 126

SCALAR TG F+ CGUPL INGS FOR KE3 DECAY( ABS VALUE)----
LESS C L= ~ 90 BELLGTT2 67 HL BC
LESS CL= 95 KALMUS 67 HLBC +
LESS CL= 90 BGTTERILl 68 ASPK
0»03 0. 04 STEI NER 71 HLBC + L+, FSrFT r PHI F IT
LESS CL= ~ 90 CHIANG 72 QSPK +
0. 10 8RAUN 75 HL BC +

10!69
10/69
8/66
2/72
9/7 2

12/75
» ~ ~

0 ~ 044
0 ~ 037

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
AVERAGE USING STUDENT10(H/1. 11) -- SEE MAIN TEXT

FT/F+FT
FT
FT
FT
FT 2707
FT 4017
FT 2827
FT
FT AVG
F T STUD FNT

RATIO OF
~ 58 OR

1 ~ 1 OR
0 ~ 58 OR
0 ~ 24
0 75 OR
0 '07

~ ~ ~ ~ ~ ~

0 22
0.22

TENSOR TG F+ CGUPLINGS FOR KE3 DECAY( ABS ~ VALUE)----
L ESS CL=, 90 BELLGTT2 67 HLBC
L ESS CL= ~ 95 KA{.MUS 67 HL BC +
L ESS CL= ~ 90 BGTTERIL1 68 ASPK
0 16 0»14 STEINER 71 HLBC + L+r F SrFT r PHI FI T
LESS CL= ~ 90 CHIANG 72 QSPK +
0.37 BRAUN 75 HLBC +

1 0/69
10/69
8/66
2/7Z
9/72

12/75
» ~ »

0 14
0 ~ 15

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 11) —SEE iMAIN TEXT

FTM FT/F+ RAl I G OF T ENSGR TO F+ CGUPL INGS FOR KMU3 DECAY
FTM 1585 0. 02 0 ~ 12 BRAUN 75 HL BC 1/76

KE4 KE4 DECAY FCRM FACTORS ARE GIVEN IN THE FQLLGH ING PAP ERS
KE4 BASILE 71 AS PK +
KE4 BEIER 73 OSPK +-
KE4 ROSS ELET 77 S PEC +

11/75
11/75

2/ 80'4

REFERENCES FOR CHARGED K

BI RGE 56
ILGFF 56
AL EX ANGE 57
COHEN 57
EI 5ENBER 58
BURRQWES 59
TA YL GR 59

FRED EN 60
BARKAS el
8 HOW MI K 61
FERRO-LU 61
NORD IN 61
RGE 61
BQYARSK I 62
BROWN 62
BARKAS 63

NC 4 834
P R 102 927
NC 6 478
F UND CONS» PHYS ~

NC 8 663
PRL 2 117
PR 114 359

PR 118 564
PR 124 1209
NC 20 857
NC 22 }087
PR 123 2166
PRL 7 346
PR 128 2398
PRL 8 450
PRL 11 26

BIRGEt PERKINSt PETERSON ~ STORKt WHI TEHEA ( LRL)
ILQFF r GGLDHABER, LANNUTT I t G I L BERT + ( L RL )
AL EXANDER r JQHNSTQNtQCEALLAIGH (DUBLIN INST)
+CRQWE tOUMQNO {ATOMICS INT ER +LRL+CIT )
E I SENB ERG t KOCH t L QHRMA NN t NI KQLI C + ( 8 ERN)
BURROW ES t CAL DW EL t. r FR I S C Ht HI I L + {HIT)
S TAY( GRrHARRI Sr QREARr LEEr BAUMEL (COLUMBIA)

S C FREDENrF C GILBERTr R S WHITE {LRL)
BARKASrDYERrMASQNt NQRRI Sr NI CKGLSt SHIT ( LRL)
8 BHOWMIKt P C JA IN t P C MATHUR ( DELHI UNI V)
FERRO-LUZZI r MILLERr MURRAYr RGSENFEL0+ (LRL )
PA UL NORD I N JR {LRL)
RGEr SINCLAIRt BROWNt GLAS ER + ( MICH+LRL )
BOYARS'KI rLQH r NIE ME LA r RI TSGN (HIT)
BROWN ~ KADYKr TRILi LNGt ROE+ f LRLr MICH)

H BARKAS J N DYE R H H HECKMAN (LRL )

BGRREANI 64
CALLAHAN 64
CA ME RI NI 64
CL INE 64
GI ACGMEL 64
GREINER 64
J ENS EN 64
KALMUS 64
SHAKL EE 64

PL lZ 123
P R 136 8 1463
P RL 13 318
P RL 13 101
NC 34 1134
PRt 13 Z84
PR 136 81431
PRL 13 99
P R 136 8 1423

PR 139 B 1600
NC 35 768
P R 139 8 1068
P R 140 8 1686
PRl 15 129
NC 3 7 1795
PL 15 293
P R 138 8969

BI RGE 65
BI SI 65
BI SI 1 65
BORR EAN I 65
CRLLAHAN 65
CAMERINI 65
CL INE 65
CUTTS 65

G BGRREANI r G RINAUDGt A WERBRQUCK (TURIN )
A CALLAHANr R MARCHr R STARK (WISCONSIN)
CAMERINIt CLINEt FRY rPGWELL (W ISCGNSIN+LRL )
D CLINEr W F FRY (W IS CONS IN )
GIACQMELLIr MGNTIr QUARENI+ (BGLOGNAr MUNICH)
D GREINERt W CSBGRNEr W BARKAS {LRL )
JENSENr SHAKl-EE r RQE r SINCLAIR t MICH)
+KERNANr PVr PQWELLt DOWD (LRLr HISC )
SHAKLEE r JENSENt ROE r SINCLAIR (MICH}

BIRGE r ELYr GIDALr CAMERINIr CL INE + (LRL+W ISC )
BISI tBQRREANI rCESTER, FERRARQ + {TQRING)
BORREAN It MARZARI-CHI ES A r R INAUDQ+ ( TGR INQ)
BDRREANI rGIDALr RINAUDGr CAFORIO+ (BARI r TGRI )
A CALLAHANr D CLINE t WI SCQN SIN)
+CL I NE t GI DA Lt KALMUSt KE RNAN {WISC+LRL )
A CL INE r W F FRY (WISCONSIN)
CUTTSt El IGFFr STLEN ING t LRL)

DE MARCO 65 PR 140 8 1430
F I TCH 65 PR 140 8 1088
GRE INER 65 ARN S 15 67
STAMER 65 PR 138 8 440

DE MARCQr GRGSSQt R INAUDG (TGRINO+CERN)
FITCHr QUAR'l. ESr WI LKINS (PRINCETON+MT HOLYOKE )
QUOTED BY BARKAS ( LRL)
STAMERt HUETT ERt KGLLERt TAYLORt GRAUMAN ( STE V}

L+E LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KE3 DECAY)
L+E FOR RAD ~ CGR. OF KE3 DP SEE GINSBURG 67 AND BECHERRAWY 70 ~

L+E 217 +0» 036» 045 BROWN 62 XEBC + PI, NO RC
L+ E 407 -0 ~ 010 ~ 029 JENSEN 64 XEBC + PIr NQ RC
L+ E 230 -0 04 ~ 05 BGRREANI 64 HBC + E+, NG RC
L+E 854 0 ~ 045 0 ~ 017 0 ~ 018 BELLGTT2 67 FBC + DPr USE S RC
L+E 1393 +0. 016 ~ 016 IMLAY 67 QS PK + DPr NG RC
L+E 515 +0 028 013 .014 KALMUS 67 FBC + E+, PIr NG RC
L+E 960 .08 ~ 04 BGTTERIL1 68 ASPK + F+, USES RC
L+E 90 —0 ~ 02 0 ~ 08 0 ~ 12 EI SLER 68 HLBC + P I r USES RC
L+E 1458 .045 .015 BOTTERIL 70 QSPK PIr USES RC
L+ E 2707 C ~ 02 7 0» 010 STEI NER 71 HL BC + DPr USES RC
L+E 4017 0 029 0 ~ 011 CHIANG 72 OSPK + D P r RC NEG LIGBLE
L+E A 0 ~ 027 0 008 BRAUN2 73 HL BC + DPr NG RC
L+E 8 {0»025) (0 007) BRAUN 74 HL BC + KMU3/KE3 VS ~ T
L+ E A BRAUN2 73 ST AT ES T HAT RC OF GI NS BERG 67 WOULD LOWER L+ E BY» 002 8 UT
L+E A THAT RC DF BECHE RRA'WY DI SAGREES AND WOULD RAISE L+E BY ~ 005
L+E 8 BRAU N 74 IS A COMBINED KMU3-K E3 RESULT» I T I S NQT I NDEPENDENT OF
L+E 8 BRAUN1 73 (KMU3} AND BRAUN2 73 (KE3 ) FGRH FACTOR RESULTS»
L+E ~ ~ » ~ ~ ~ ~ ~ ~

L+ E AVG 0.0285 0 0043 AV ERAGE ( ERROR INCL UOES SCALE FACTOR GF 1 ~ 0)
L+E STUDENT 0 0284 0 ~ 0047 AVERAGE USI NG STUOENT10(H/1 11) —— S EE MA IN T
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S84 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

TR II LING 65 UCRL 16473 GEORGE H TRI LLING
UPDATED F R/M 1965 AR GONNE CONF .r PAGE 5

YOUNG 65 UCRL 16362 POH-SHIEN YOUNG (THESIS y BERKEL EY)
ALSO 67 PR 156 146r, P S YQLING r W ~ Ze OSBORNE r WeHeBARKAS

( I RL)

(LRL )
( LRL)

AVER BACH 67
ALSO 74

BE LLQTT 1 67
BELLOTT2 67

ALSO 66
BI SI 67

PR 155 1505
PR D9 321e
HEI DELBERG CONF
NC 52A 1287
PL 20 690
PL 258 572

+DOBBS MA!'JN, MCFARLANE WHITE+
ERRATUM
BELLOTTI r PULLIA
BE LLOTTI yF IORI NI r PULL I A

BELL QTT jy F IOR INI y PULL I A+
BI SI rCESTERyCHI ESArV I GONE

(PENNyPRIN)

(MILAN }
( MILAN)
( MI LAN)

(TOR INO )

CALLAHA1 66 PR 150 1153 CALLAHAN yCAMERINI+(WI SC rLRLr R I VERS IOEy BARI )
CALLAHAN 66 NC 44A 90 A C CALLAHAN ( W I SCON SI N )
CE STER 66 PL 21 343 CESTER r ESCHSTRUTHy ONE I i L+ (PR INC ETON —P ENN )

AL SO 67 AUER BACHy FOOTNOTE 1

BERTRAND
BLQCH
BRAUN
DI AM ANT 8
HE INT ZE
SMITH
WE ISSENB

ABRAMS
DE VAUX
HE INTZE
ROSS ELET
BARKOV
HE INTZE

76 NP B114 387
76 PL 608 393
76 LNC 17 521
76 PL 628 485
76 PL 6 08 302
76 NP 8109 173
76 NP 8115 55

77 PR 015 22
77 NP 812e 11
77 PL 70B 482
77 PR D15 574
79 NP 8148 53
79 NP 8 149 365

+ SACTON + ( BRUX+ UBEL+DUUC+LOUC+WARS )
+BUNCEy DEVAUXr DIAMANT-BERGER+ (GEVA+ SACL }
+MARTYN y ERR IQU EZ + ( AACH+BA RI+ B EL G+C ERN )
D IAMANT-BERGER yBLQCH yDE VAUX + ( SACL+GEVA)
+HEINZELMANNy IGO-KEMENESyMUNDHENKE+ {HEID)
+BOOTH y RENSHALLr JONES+. (GLAS+( IVP+OXF+RHEL l
WE I S S E NB ERG y EGORO V r MI NE RVI NA+ ( I TEP+ l EBD)

+CARROLL yKYCIA LI MI CHAEL MOCKETT + ( BNL}
+BLOCH 0IAMANT-BERGER MAILLARD+ (SACL+GEVA)
+HE I NZELMANNr I GO-KEMENESy+ ( HE ID+C ERN )
+EXTERMANNr F I SCHER yGUI SAN + {GEVA+SACL )
+VASS ERM ANy ZOLOTOREV y KRUPIN+ ( SI BER I A+KIAE )
+HEI NZ ELMANNy I GO-KEMENES+ ( HE ID+C ERN )

QUANTUM NUMBER DETERMINATIQNS NOT REFERRED TO IN THE DATA CARDS

BQTTERI L 67 PRL 19 982
ALSO 68 BOTTERIL

BQWEN 67 PR 154 1314
CL INE 1 67 HEIDE L BERG CONF
CL INE2 67 HERCEG NOVI TBL.4

FL ETCHE R 67 PRL 19 98
FORD 67 PRL 18 1214
IMLAY 67 PR 160 1203
KAL!~iUS 67 PR 159 i 187
Zj NCHENK 67 RUTGER S( THESIS )

FLETCHER y 8EI ER r E0WRADS r+
+LEMONICKr NAUENB ERGy P I ROUE
I MLAY y ESCHST RUTH r FRANKL IN+
KALMUSyKERNAN
ZINCHENKO

(ILLINCIS)
( P R I NC E TON)
(PRINCETON }

( LRL)
(RUTGERS)

BOTT ERILLy BROWNy CORBETT y CULLIGAN + (QXFiORD)

BOW ENr MANN r MCFAR LANE r HUGHE S+( PENN —PRI NC ETO)
CLINE rHAGGERTYr SINGL ETQNr FRY+ (WISCONSIN)
D ~ CL INFyPROC ~ INTL ~ SCH. ON ELEM PART. PHYSICS

BLGC K

BR ENE
BI RGE
ADAI R
CABIBBO

ALSO
ALSO

6Z CERN CONF 371

61 NP 22 553
63 PRL 11 35
64 PL 12 67
64 PL 9' 352
64 PL 11 360
65 PL 14 72

BLQCKy L ENDINARAy MQNARI ( NW E S+BQ LQGNA )

BRENE y EGARDT r QV I ST
BIRGEy ELYy GIDALr CAMERINI +
ADAIRy LEIPUNER
CABI BBQy MAKSYMQWICZ
CABI BBOy MAKSYMQW ICZ
CABI BBOr MAKSYMQWICZ

{NCRD)
( LRL+Wj SC+BARI )

( YAL Er BNL )
(CERN)
(CERN)
( CERN )

PAPERS NOT REFERRED TQ IN DATA CARDS

CHEiN 68
EICHTEN 68
EI SLER 68
ESCHSTRU 68
GA RL AND 68
MQ SCOSO 68

PRL 20 73
PL 278 586
PR 169 1090
P R 165 1487
PR 167 1225

THE Sj S

BE TTEI S 68 NC 56 A 1106
ALSO 71 HAIDT

BGTTERIL 68 PR 171 1402
BOTTERI1 68 PR 174 1661
BOTT ERI2 68 PRL 21 766
BUTLER 68 UCRL-18420
CHANG 68 PRL 20 510

AACHEN —BAR I —BERGEN —C ERN —EP —NI J MEGEN-OR SAY+

BOTT ER ILL r BROWN r CLEGGy CORBETT + (OXFORD)
BQTTERI LLr BRGWNr CLEGG, CORBETT + (OXFCRD)
BQTTERIl L r BRQWNr CLEGG r C ORB ETT + (OXFORD)
+BLANDr GQLDHABERy GQL DHABER, HIRATA+. (LRL)
CHANG r YODH r EHRLI CHr PLANO+( MARY LANDy RUT GERS )

CHEN rCUTT Sr KI JEWSKIr ST I ENING + (LRL y M IT )
AACHE N-BARI —CE RN-E P-QR S AY—P ADO VA —VALE NC I A

EI SLERy FUNGr MARATECK y MEYERy PLANO (RUTGERS)
E SCH STRUTH r F RANKL I Nr HUGHES+ (P R INC ETONr P ENN )

+TSI PI Sr DEVONSr RQSEN+ (COLUMBIA rRUTG y WI SC)
M L MQSCOSO (UNIV PAR IS ORSAY }

CAB I BBO
Gj NS BERG
WI LLI S
CRON IN
HA IDT 2

66 8ERKEL EY CONF 33
67 PR 162 1570
67 HEIDELBERG 273
68 VIENNA CONF 241
69 PL 298 696

GI NS BERG 71 P R 04 2893
CHOUNET 72 PL 4C 199

BARDIN 70 PL 328 121
BECHERRA 70 PR 01 1452
FEAR ING 70 PR D3 542
GA ILLARD 70 CERN 70-14
GINSBERG 70 PR Dl 229

CABI BBO
EDWARD S GI NSBERG
W J WILLIS -RAPPORTEUR TALK
RAPPORTEUR TALK
+ (AACHyBARIyCERNyEPOLrNI JM

BARD IN y 8 I LENKY r PQNTECORVO
T .8 EC HERRAWY
+F I SCH BACK y SMITH
M K GAILLARDr L M CHOUNET
E S GINS BERG

(CERN)
(U MASS BOSTON)

( YALE )

(PRINCETON)
yOR SAyPADQrTCRI)

( J INR)
( RQCH)

(STON+ BOHR)
( C E RN+ ORSA }
( I IT HAIFA)

E S G INS 8 ERG I MIT)
{PHY S ~ R EPT S ~ ) CHOU NE T r 2+GA I LL A RD ( QRS A+C ERN )

CUTTS 69 PB 184 1380
ALSO 68 PAL ZC 955

DA Vj SQN 69 PR 180 1333
ELY 69 PR 180 1319
EMMiE RSQN 69 PRL 23 393

+ST I EN I NGy W I EGANDy DEUT SCH LRLr MIT)
CUTTSrSTIENINGrWIEGANDr DEUTSCH (LRLr MIT )
+BACASTOWr BARKASy EVANS y FUNGr PORTER+ ( UCR)
ELY r GI DALr HAGQPI ANr K ALMUS+ {LOU C~W ISC+LRL )
EMME RSONr QUI RK (OXFORD} 1 1 NEUTRAL K (498y JP=0-) I= 1/2

HERZO
KIJE}rSKI
LQBKOWI C

ALSO
MACEK
MAST
ZELLER

BOTTERIL
FORD
GR AUMAN

ALSO
MACE K

MALTSEV
PA ND QUL A

BAS ILE
BQURQUI N

HA IDT
ALS G

KLE iMS

ALSO
ALSO

69 PP, 186 1403
69 UCRI -18433 THESIS
69 PR 185 1676
66 PRL 17 548
69 PRL 22 32
69 PR 183 1200
69 PR 182 1420

70 PL 318 325
70 PRL 25 1370
70 PR D 1 1277
69 PRL 23 737
70 PR Dl 1249
70 S JNP 10 678
70 PR D2 1205

71 pL 3eB e19
71 PL 36B 615
71 PR D3 10
69 PL 29 8 691
71 PR D4 66

PRL 24 1086
70 P RL 25 473

+BANNER, BE I ERr BERTRAMr ED'WARDS + ( ILL)
P K KIJEWSKI ( LBL)
+MELISSINOSr NAGASHIMAy T EWKS BURY+ (ROCHy BNL )
LOBKOWIC Zr MELI SSI NOS yNAGASHIM+ ( ROCH+BNL )
MACE Kr MANNy MC FARL ANEy ROBERTS+ ( P ENNr TEMPLE )
+GER SH WI Nr AL STON-GAR NJQSTr BANG ERTER+ ( LRL )
ZELL ERr HADDOCKyHELLAND r PAHL+ ( UC LA y LRL)

+BROWN rCLEGG rCQRBETT yCULI IGAN+ {CXF)
+P IROUEy REMMELy SMITHy SQUDER ( PRI N)
+KOLLERr TAYLQRyPANDOULAS+ (ST EVr SETQyL EHI )
+KOLLER r TA YLQR y P ANDQULA S+ {ST EV r SETO r I EHI )
+MANNr MCFARLANEy ROBERTS (PENN)
+PESTOVArSQLQDOVNIKQVArFADEEV + ( J INR)
+T AY LOR y KOL L E Ry G RAUM AN + ( STEVy SETO)

+BREHINr DI AMANT-BERGER r KUNZ+ (SAC L+GEVA)
+BOYMQNDy EXTERMANNyMARASCO+ (GEVAy SACL)
AACHEN+BARI+ CERN+ E P+ NI J MEGE N+0 RS AY+ PADOVA+
+( AACHy BAR I r C ERN y E POLy NI JMy QRS AY y PADDy TQRI )
+HILDE BRAND r ST I ENI NG {CHICyLRL )
KL EM S y H I LD E 8 RA ND r S T I E NI NG {LRL y CHIC }
KLEMSr HILDEBRANDy STIENING (LRLyCHIC)

M

M

M

M

M

M

M

498 ~ 1
2223 497 44
4500 498o9

497 ~ 44
~ ~ a 0

A VG 497. 87
STUDENT 497+83
F IT 4'97. 67

11 NEUTRAL K MA SS ( ME V)

0 ~ 4
0 33
0 ~ 5
0 ~ 50

CHRI STENS 64 OS PK
KI M 65 HBC
BALT AY 66 HBC
F I TCH 67 OS PK

KO FROM PB AR P 6/66
KO FROM PBAR P 6/66

11/67

!WEIGHTED AVERAGE = 497.B7 + 0.32
ERROR SCALED BY 1.5

0 ~ 32 AVERAGE ( ERROR INCLUDES SCAL E F ACTOR OF 1 ~ 5)
0+26 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
0 13 FROM FIT {ERRQR INCLUDES SCALE FACTOR QF 1 1} 2/80+
( SE E I DEQGRAM BELOW )

KUNS ELMA 71 PL 348 485
QTT ' 71 PR D3 52
ROMANO 71 Pl 368 525
SCHWE INB 71 PL 368 246
STE I NER 71 PL 368 521

ABRAMS 72 PR! 29 1118
ANKENBRA 72 PRL 28 1472
AUBERT 72 NC 12A 509
BE IER 72 P RL 29 678
CH IA NG 72 PR D6 12 54

R K UN SELMAN (

WYOMING�}

QTTr PRITCHARD (LQQM )
+RENTON, AUBERTyBURBAN —LUTZ {BARjrCERNr ORSA)
AACHEN+8 ELGIUM+CERN+NI J MEGEN+P ADOVA COL LAB
AACH EN+ BAR I+CERN+ E POL+0 RS A+NI J M+P A DO+TO R IN

+CARROLL yKYCIAyL Iy MENES r MICHAEL + ( BNL )
ANKE NBRAND T y LARSE N+ (BNL+LA SL+FNAL+Y ALE )
+HEUSSEy PASCAUDy VIALLE+ (ORSA+BRUX+EPQL)
+BUC'HHOL2 r MANN r PARKER ( PE }rNSY LV ANI A )
+ROSEN, SHAP IRQ r HANDLER y GLSEN+ (ROCH+ W I SC)

ve of weighted avera. ge,
scale factor are for the

onv enience only. The
ctually processed by a
fit program, which

ts own values of x, 5x,
actor, which are differ-
e value s shown he r e.

ABRAMS
BACKENST
BE IER
BR AUN1

ALSO
BRAUN2

ALSO
CABLE

73 PRL 3 0 500
73 PL 438 431
73 PRL 30 399
73 PL 478 18Z
75 BRAUN
73 PL 478 185
75 8RAU N

73 PR D8 3807

CL ARK 72 PRL 29 1274
ED WARDS 72 PR 05 2720
FORD 72 . PL 388 335
HQFF MAST 7Z NP 836 1

AACHEN+BARI+BRUS SEL 5+CERN COLL ABQRAT I QN

+HILDEBRANDrPANG, STIENING (EF I+LBL )

+CQRKyELIQFF rKERTH r MCREYNQLDS r IiEWTQN+ f LBL )
+BEI ERr BERTRAMy'HERZOy KO ESTER + { ILL)
+PIROUErREMMELrSMITHrSQUDER (PRINCETON)
HOFFMASTER r KQLLER r TAYLOR+ (STEV+SETQ+LEH I )

+CARROLL, KYC IArLIrMENES yMICHAEL + (BNL)
BACKENSTOSSr BAM BERGER+( CERN+KARL+HEID+STOH)
+BUCHHOLZ, MANNyPARKERr ROBERTS ( PENN)
AACHEN+BAR I+BRUSSELS+CERN COLLABORATION

67 OSPK
66 HBC
65 HBC

STENS 64 OSPK

H

AY

496.S 497.5 49B.S 499.5 500.5
NEUTRAL K flASS .(i1EU)

CHISQ
0.7
4 ~ 3
1.7
0.3
7.0

{CONLEV
=0.072)

L JUNG
ALSO
ALSC
ALSO

LUCAS1
LUCA S2
PANG

ALSO
SM ITH

73 PR 08 1307
72 PRL 28 523
7Z PRL 28 1287
69 PRL 23 326
73 PR 08 719
73 PR D8 727
73 P R D8 1989
72 PL 408 699
73 NP 860 411

AR NQLD
BRAJN
CENC E

ALSO
KUNS ELMA
ME RLAN
WE IS S ENB

74 PR D9 1221
74 PL 518 393
74 PR 010 776
73 THE SI S ( UNPUBL. )
74 PR C9 246'9
74 PR 09 107
74 PL 488 474

( W ISC )
(W ISC)
( WI SC)
(W ISC)
( YALE }
(YAL E)
Z+LBL )
I+LBL )
+RHEL l

D L JUNG r 0 ~ CL INE
0 L JUNG
0 CLINEr D LJUNG
CAMERINjrL JUNG ySHEAF F r CLINE
LUCAS r TAFT r W ILLI S
LUCAS y TAFT r WILLIS
+HILDEBRANDr CABLEySTIENING ( EF I+AR I
CABLEy HILDEBRANDyPANGr STIENING (EF
+BOOTH y RENSHALL r JONE S+ (GLAS+ L IV P+OXF

C I ARNOLDy8 P ROEr0 SINCLAIR (M ICH)
+CORNELSSEN MARTYN + (AACH+BARI+BRUX+CERN)
+HARR IS y JGNESy MORGADQ + ( HAWA+LBL+WI SC }
D 8 CLARKE (WISC)
R ~ KUN S EL MAN ( WYQM)
+KASHA rWANDERERr ADAIR+ ( Y AL E+ BNL+L ASL )
WE I SSENBERG r EGOROV y Mj NE RVI NA + ( ITFP+LEBD }

0
D

D 9
D 7
D 417
D

0 AVG
D STUDENT
D F IT

3 9
5.4
3 ~ 90
3 ~ 71
3. 95

~ ~ ~ 0

3 92
3.91
4.01

1 1 (KO) — (K+-) MASS DIFFERENCE (MEV)

0.6
1,1
0 ~ 25
0.35
0 ~ 21

ROSENF EL 0 59 HBC
CRAWFORD 59 HBC +
BURN STEIN 65 HBC
K IM 65 HBC
HI LL 68 DBC +

K- P TO KO N

K+0 TQ KOPP
6/68
3/68

~ ~ ~ ~

0 14 AVERAGE ( ERROR INCLUDES SCALE FACTOR QF 1 0)
0 I 5 AVERAGE USING STUDE NTIO(H/I ~ 11) —SEE MAIN TEXT
0 ~ 13 FROM F IT ( ERROR I NCLUD E S SCALE F ACTOR OF I 1 ) 2/80+

BLOC H

BRAUN
CHE NG

HEARD 1
HEARD2
SHEAFF
SMITH

75 PL 5eB 201
75 NP 889 210
75 NP A254 381
75 PL 558 324
75 Pl 558 327
75 PR D12 2570
75 NP 891 45

+BREHINr BUNCEyDEVAUX+ (S ACL+G EVA )
+CORNELSSENrMARTYN+ (AACH+BARI+BRUX+CERN)
+ASANOy CHENr DUGANy Hur WUy HUGHES+ (COLU+YALE)
+HEI NTZE r HEI NZE LMA NN+ ( C ERN+ HE I 0 )
+HEINTZE, HEINZ ELMANN+ ( C ERN+HEI D)
M SHEAFF (W ISC)
+BOOTHr RENSHALLr JONES+ (GLAS+LIVP+OXF+RHEL}

CRAWFORD 59 PRL 2 112
RQSENFEL 59 PRL 2 110
CHRISTEN 64 PRL 13 138
BURNSTEI 65 PR 138 B 895
KIM 65 PR 140 8 1334

REFERENCES FOR NEUTRAL K

CRAWFQRDyCREST Ir GOODy ST EVENSQNr T ICHO (LRL)
A H ROSENF ELDyF SOLMI TZ y R 0 TRIPP ( LRL)
CHRISTENSONyCRONINyFITCHy TURLAY (PRINCETON)
R A BURNST EI Ny H A RU BI N (MARYLAND)
J K KIMyL KIRSCHr D MILLER (COLUMBIA)
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
K0, z',

BALTAY
FITCH
HI LL

66 P R 142 932
67 PR 164 1711
68 P R 168 1534

BALTAYrSANDWEISSr STONEHILL + (YALE+BNL1
FITCHr ROTHrRUSSr VERNON ( P RI NC E TQN)
kILL RGBINSCN SAKITT CANTER ( BNL CARNEGIE )

LIEIGHTED AUERAGE = 0.316 + O. O14
ERROR SCALED BY 1.3

T -KOS ME

T G 90
T 512
T 0 63
T C OLD E
T 378
T 503
T 545
T
T 572
T 4500
T B
T 5000
T 19994
T H 20000
7
T AVG
T STUDENT

12 SHGRT-L IVED NEL)TRAL K( 498r JP=O-1 I= 1/2

12 KOS MEAN L IFE ( UNI TS 10++-10 SEC )

AN LIFE
(F 07)
0. 94

(1.09)
XPTS WI

0 94
0 87
0 86
0 866
0 ' 90
0 ~ 92

( 0 ~ 904}
0 843
0 856
0.872

( PRE —1971
(0 ~ 131

0 05
(0 18)

TH LGW STAT
0 05
0 ' 05
0 ~ 04
0 ~ 016
0 ~ 06
0 ~ 04

( 0 024)
0 ~ 013
0 ~ 008
0 009

EXPERIMENTS)
( 0 ~ 13) BGLDT 58

0 ~ 05 CR AW FORD 59
( 0 15) BOWEN 60
I STICS NCT INCLUDEO

0 F 05 BERTANZA 62
CHRETI EN 63
KR E I SL ER 64
ALFF-5TEI ee

0 ' 05 AUERBACH 66
BALTAY 66
BOTT-BODE 66
K I RSCH 66
DONALD 68
HI LL 68

CC
HBC
CC
I N A VERAGE ~

HBC
HL BC
OSPK
OS PK
OSPK
HBC
OSPK
HBC
HBC
DBC

6/68

9/66
8/67
6/66
9/66
6/eb
6/68

11/72
~ » ~ ~

0. 8641
0 8642

~ » ~ ~

0, 0065
0.0060

0 0065 AVERAGE (ERROR INCL ~ SCALE FACTOR OF 1 ~ 3)
0 ~ 0059 AVG BY STUDENT 10(H/1 ~ 11) —SEE MAIN TEXT

0.15 0.25

' ( HRETIEN
. BROWN
- BROWN

-BAGLIN
. (:RA1JFORD

0.35 0.45

63 HLBC
63 HL8(
61 HLBC
60 HLBC
59 HBC

0.55

LHISQ
1.B
1.B
0.2
0.9

4. 7
(CONLEU
=0.195)

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own va. lues of x, 5x,
and scale fa.ctor, which are differ-
ent fr om the value s shown he r e.

T
T
T
T
T
T
T
T
T
T
T
T

KOS NEAN L IFE
THESE VALU ES
VALUES OF THE

H 50K 0 8958
F 2173 ( 0* 867)

6N 0 ~ 8937
C 0.8913

26K 0» 88 1
~ ~ ~ ~ ~

A VG 0. 8923
STUDENT 0 ~ 8924
FIT 0.8923

(POST-1971 EXPERIMENTS)
ARE USED TG DETERMINE THE STABLE PARTICLE TABLE

KOS MEAN LIF E AND RATES
0 ~ 0045 SKJEGGEST 72 HBC

(0 024) FACKLER 73 OS PK
0 ~ 0048 GE WENI GER 74 A.SPK
0.0032 CAR I THER 5 75 5 P EC
0 ~ 009 ARONSGN 76 SPEC

~ » ~ ~

0 ~ 0022 0 ~ 0022 AVERAGE (ERROR INCL, SCALE FACTOR OF
0.0025 0. 0024 AVG BY STUDENT10(H/1. 11) -- SEE MAIN
0 ~ 0022 FROM F IT (ERRGR INCLUDES SCALE FACTOR GF 1 ~ 01

T H

T H

T H

T H

T 8
T F
T C
T C

T C

T C

12 KO S PARTI AL DECAY MODES

COMMENTS
HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE
(0 ~ 865+-0 009 ) 8EC AUSE CF A CORRECT I ON I N THE SHIFT DUE TG ET A+-
5K JEGGESTAD 72 AND HIl L 68 GIVE DETAILED D I SCL'SS ION S OF SYSTEMATIC S
ENCOUNTERED IN THI S TYPE OF EXPERIMENT
KOS MEAN L IFE NOT THE PRIMARY QUANTI TY MEASURED IN THI S EXPT
FACKLER 73 DOES NQT INCLUDE SYSTEMATIC ERRORS ~

CARITHERS 75 VALUE IS FOR KGL-KOS MASS DIFFERENCE DM= ~ 5348+-. 0021
THE DM DEPENDENCE OF THE TOTAL DECAY RATE ( INVERSE MEAN LIFE ) I 5
GAMMA(KOS) =(( 1 122+- ~ 004}+ 16+(DM- ~ 5348)/DM) +10++10 /SEC ~

VALU E WOUL C NOT CHANGE W ITH QUR CURRENT DM=. 5349+- 0022

1/73
11/73
3/74
7/75

11/76

1 0)
T EXT

11/72
11/72

6/6 8
11/73
11/75
11/75
11/ 75
2/76

R4
R4
R4
R4
R4
R4
R4 C

R4
R4 J
R4 N

R4 J
R4
R4
R4
R4
R4 C
R4 J
R4 M

R5
R5
R5
R5
R5 5
R5
R5 5

KOS INTO (PIO PIO) iTOTAL

C L= 9 NQT AVAIL

KDS INTO (MU+ MU-)/CHARGED (UNITS 10&+—5) ( P3) /( Pl)
10.0 OR LESS CL= 90 BOTT-BODE 67 QSPK
20. 0 QR LESS CL= ~ 90 BGHM 69 05 PK

1 ~ 07 OR L ESS CL= 90 HYAMS 69 QSPK
32. 6 OR l ESS CL= 90 STUTZKE 69 OSPK
0.047 OR LESS CL= ~ 90 GJESDAL 73 ASPK

VALUE CALCU(. ATED BY USr US ING 2 3 INST EAO OF 1 EVENT r 90 PERC CL

( KOS I NTO PI+ PI — PIO r CP VI CLATI NG) /(KOL I NTG PI+ PI — P IO)
TEST OF CP VIOLATION — SEE TEXT SECTION VI 8. 3A FQR DEFINI TIGNS
C PT ASSUME 0 VALID — ( I ~ E RE (A) -"0 ) — ONLY ( IM A) &&2 QUOTED HERE
18 ( 3.8) OR LES 5 C L=.90 ANDERSON 65 HBC

0, 45 OR LESS CL= 90 BEHR 66 HL BC
53 (1 7) GR LESS CL=.90 WEBBER 70 HBC
71 0 ~ 8 OR LESS CL= ~ 90 WEBBER 70 HBC
99 1.2 OR LESS CL= 90 CHG 71 DBC
98 (1 ~ 0) OR LESS CL=»90 JAMES 71 HBC
50 (1 ~ 2) OR LESS CL= 95 MEISNER 71 HBC

180 0.66 QR LESS CL= ~ 90 JAMES 72 HBC
99 1 2 QR LESS CL= ~ 90 JONES 72 QSPK

384 0 ~ 12 OR LESS CL= 90 METCALF 72 ASPK
148 0.71 OR LESS C L=~ 90 MALLARY 73 QS PK R E ( A) =- 05+- 17
192 1 ~ 2 OR LESS CL= 90 BALDGCEGL 75 HLBC

THIS I S THE COMBINED RESULT OF ANDERSON 65 AND WEBBER 70
JAMES 72 IS A FINAL RESULT WHICH INCLUDES JAMES 71 ~

THESE AUTHCRS FIND REAL(A}= 2.75+- 65r ABOVE VALUE AT RE(A 1~0

1 0/69
8 /66
8/70
8/70
4/71
6/71
2/71
I /73

10/72
2/74
8/73

12/75

11/73
2/71

8/67
2/71

1 0/69
5/69
7/73

Pl
P2
P3
P4
P5
P6
P7

KOS INTO
KOS INTO
K 05 I NTQ
KOS INTO
KOS INTO
KOS INTO
KO5 I NTO

PI+ P I—
PI 0 P IO
MU+ MU-
E+ E-
PI+ PI — GAMMA
GAMMA GAMMA

3PIO

12 KOS BRANCHING RATI QS

DECAY MASSES
139+ 139
134+ 134
105+ 105. 5+ .5
139+ 139+ 0

0+ 0
134+ 134+ 134

MEV/C
MEV/C
MEV/ C
MEV/C
MEV/C
—.6 ~

ERS
95

AVERAGE (FRROR INCLUDES SCALE FACTOR OF 1 01
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN T

R6 KOS INTO ( PI+ PI — GAMMA) /( PI+ PI —} (UN 10++-3) (P5 ) /(Pl )
R6 27 NO RATIO GIVEN BELLQTTI 66 HBC PG GT 50
R6 10 3.3 1 ~ 2 WEBBER 70 HBC PG GT 50
R6 B 2 ~ 8 0 ~ 6 BURGUN 73 HBC PG GT 50
R6 C .29 (3 ~ 0) (0 6) BQBISUT 74 HLBC PG GT 40
R6 T 2 ~ 68 0 ~ 15 TAUREG 76 5 PEC PG GT 50
R6 8 BURGUN 73 ESTIMATES THAT DIRECT EMISSION CQNTRIBUTIQN I 5 ~ 3+
R6 C BQBI SUT 74 NQT I NCLUDE D IN AV ERAGE BECAUSE P ( GAMMA ) CUT DIFF
R6 C

' ESTI MATE S DI RECT EMI SS ION CQNTRI BUTI QN TG BE 0 ~ 5 OR LESS r CL
R6 T TAUREG 76 FIND DIRECT EMISSION CONTR IB LT .06,CL= 90.
R6 ~ ~ ~ ~ ~ ~ ~ ~ ~

R6 AVG 2 ~ 70 0 ~ 14
R6 STUDENT 2 70 0 ~ 16

10/69
10/69
11/73
12/75
6/77

11/73
1/76
1/76
6/77

EXT
Rl KOS INTO ( PI+
Rl 0 ' 68
Rl 0 ~ 70
Rl U ( 0 ~ 7401
Rl U 3447 0 670
R 1 U ANDE R SQN RE SU
Rl ~ ~ ~ ~ ~

Rl AVG 0 ~ 6710
Rl STUDENT 0 ~ 671
Rl F IT 0.6861

K OS INTO
0 ~

0 ~

0.
0.
0 ~

R2
R2
R2
R2
R2
R2
R2
R2 AVG
R2 STUDENT
R2 FIT

1066
198

0 ~

0 ~

0 ~

(P IO
27
26
30
335
288

» ~

316
316
3139

PIC }/TOTAL (P2)
0 ~ 11 CRAW FORD 59 HBC
0 ~ 06 BAGL IN 60 HLBC
0 035 BROWN 61 HL BC
0 ~ 014 BROWN b3 HL BC
0.021 CHRETIEN 63 HLBC

~ ~ ~ ~

0»014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3 )
0 ~ 014 AVERAGE USING STUDE NT1 0(H/1 1 1) -- SEE MAIN TEXT
0.0024 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
( SE E IDEOGRAM BELOW )

(Pl) /(P2 )
69 HL BC
69 OSPK K+N TO
69 HLBC K+N TO
70 05PK K+N TO
71 H BC K-P TG KO
72 HBC K+P TO
72 DBC K+N TO
72 HL BC K+N T 0
73 DBC K+D TQ
74 OSPK P I- P T
76 WI RE PI — P T

8QZOKI 69
DES GOBBI 69
PI+P I —/ALL KOBAR=

P I+ P I-/AL l K 0~ .3

R3 KOS INTO (PI+ PI —) /(PIO PIO)
R3 N 267 (2 12) (0 17) BOZO KI
R3 G 3016 (2 285) (0 055) GCBBI
R3 3700 2 ~ 10 0» 06 MQRF IN
R3 G 7944 Z. 28 2 0 043 MOFF ETT
R3 8 61 50 2 ~ 22 0 ~ 095 BA LTAY
R3 A 3068 2 ~ 22 0 ~ 10 ALI TTI
R3 6380 2 22 0 08 MOPS E
R3 N 701 2 10 0.11 NAGY
R3 4799 2 16 0 08 HILL
R3 16K 2 169 0 094 CG WELL
R3 1315 2 ~ 11 0 ~ 09 EVERHART
R3 N NAGY 72 IS A F INAL RESULT WHICH INCLUDE S
R3 G MGFF E TT 70 I S A FINAL RE SULT WHICH I NCLU
R3 8 ThE DIRECTLY MEASURED QUANTITY I S KS TO
R3 A THE DIRECT LY MEASU RED QUANTITY IS KOS TO
R3 ~ ~ ~ »» ~ ~ » ~

R3 AVG 2 ' 197 0.026
R3 STUDENT 2. 192 0 031
R3 F IT 2 186 0.025

5/'7 0
5/69

10/69
2/72

12/71
6/7 2
2/72
1/73
9/73
7/75

11/76
11 /73

2/72
12/71

6/72

KOP
KOP
KOP
+NEUTRAL S
PI+ P KO

KOP
KOP
KO P P
0 LAN KO
0 LAM KO

345+- ~ 00 5
45+- ~ 00 5

AVERAGE ( ERROR INCLUDE S SCALE .FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 ~ ll) -- SEE MAIN T

FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1.1)
EXT

PI —) /TOTAL (Pl )
0 ~ 04 CRA WFCRD 59 HBC
0»08 COLUMBIA 60 HBC

( 0 024) ANDE RSGN 62 H BC
0.010 DCYLE 69 HBC P I- P TO LAM KO I /76

LT NQT PUBLI SHED r EVENTS ADDED T C DOYLE SAMPL E 2/71
~ »» ~

0.0096 AV ERAG E ( ERROR INCLUDES SCALE FACTOR OF 1 0)
0 ~ 010 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
0.0024 FRQN FIT (ERROR INCLUDES SCALE FACTOR OF 1»1)

R7 KOS INTO (E+ E-)/CHARGED (UNITS 10+~5) ( P4) /(Pl)
R7 50 0 OR LESS CL= ~ 90 BGHM 69 QS PK

R8
R8 R

RB R

R8 R
R8
R8
RB R

KOS I NTO 2
0 21 ~ 0
0 2 2
0 0. 71
0 2 0
0 0 ' 4

THESE LIMI

GAMMA/TOTAL (UNITS
OR LESS CL=. 90
GR L FS5 CL= ~ 90
OR, LES S CL-" 90
OR LESS CL= 90
GR LESS CL~ ~ 90

TS ARE FOR MAXIMUM

10&+-3) (pel
BA NNER 69 GS PK
REPELLIN 71 OSPK
BANNER 72 QS PK
MORSE 72 DBC
BARMIN2 73 HL BC

INTERFERENCE IN KS-KL TO 2 GAMMAS

R9 (KOS I NTQ PI+ PI PIO ~ CP CCNSERVING}/ (KOL INTO PI+ P I PIO)
R9 384 0.42 OR LESS CL=. 90 METCALF 72 AS PK

R10
R10
R10
Rl 0
R10
R10

(KOS INTO 3PIOrCP VIOLATING}/(KOL INTO 3PIO)
SEE COMMENTS UNDER BRANCHING RATIO R4

22 1 ~ 2 OR LESS CL~. 90 BARMIN1 73 HL BC
G 0. 28 OR LESS CL= 90 GJESDAL 74 SPEC
G GJESDAL 74 USES K2PIr KMU3 AND KE3 DECAY RESULTS AND UNI TARITY.
G CALCULATES ABS(ETAOOO) =.26+- 20 WE CONVERT TG CL= ~ 90 UPPER LINIT ~

REFERENCES FQR KOS

BGLDT 58 P RL 1 150
CRAWFORD 59 PRL 2 266

BA GL IN 60 NC 18 1043
BQWEN 60 PR 119 2030
COLUMBIA 60 RQCH CCNF 727

E BQLDTr D 0 CALDWELL r Y PAL (MIT)
CRAWFQRDr CRESTIr DOUGLAS SrGOQDr TICHQ + ( LRL)

BAGL IN ~ BLQCHr BRI SSON rHENNESSY + ( EPQL)
BOWENr HARDYr REYNQLDSr SUNr MOORE+ (PRIN+BNL)
M SC H'WAR TZ + (COLUMBIA)

CHRE TI EN 63 PR 131 2208
BROWN 63 P R 130 769
KREISLER 64 PR 136 B 1074
ANDERsoN 65 pRL 14 475

C HRET I EN+ ( BR AN DE I S +BROWN+ HARV AR D+ MI T 1

BROWN r KADY Kr TR I L LI NG r RGE + ( LRL+M IC H )

M KR EI SLER r 0 OVER SETHr J CRONIN ( PRINCE TON I

+CRAWFORrGOl DENr STERNr BINFGRD + (LRL+WISC)

BRCWN 61 NC 19 1155 BRQWNr BRYANTr BURNSTEINr GLASERr KADYK+ (M ICH)
ANDERSON 62 CERN CONF 836 J A ANDERSONrF S CRAWFORD + ( LRL)
BERTANZA 62 PREPRINT C105 BERTANZAr CGNNQLLYr CULWIGKr EISLER + (BNL)

UNPUBLISHEDr BUT RECERTIFIED BY AUTHORSr AUGU5T 66,

2/71

12/71
12 /71
8/72
2/72
2/74

12/71

11/72

11/73
11/75
11/75
11/75

ALFF- STE 66
AUERBACH 66

ALSO 65
BALTAY 66
BE HR 66
BELL CTT I 66
BQ TT- BO D 66
KI RSCH 66

PL 21 595
PR 149 1052
AUERBACH
P R 142 932
PL 22 540
NC 45A 737
PL 23 277
P R 147 939

ALFF-STEINBERGERr HEUERr KLEINKNFCHT + (CERN)
AUERBACHr DCBBSr LANDE r MANNr SCIULL I+ ( PENN)

BALTAY r SANDWEISS r STCNEHILL + (YAL E+BNL )
8 EHR r 8 RI S SON r PETI AU+ ( E PQL r MI LAr PADOr QRSAY )
+PULL IAr BALDQ-CECL IN + (MILAN+PADUA )

BOTT-BGDENHAUSENrDE BOU ARD + (CERN }
L KIRSCHrP SCHMIDT (COLUMBIA)
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S86 Particle Data Group: Review of particle properties

Stable Particles
KS, KL

Data Card Listings
For notation, see key at front of Listings.

BOTT-BOD 67 PL 24B 194
DCNALD 68 Pt 278 58
HI LL 68 oR 171 1418

BOTT-BODENHAUSENr DE BOUARDr CASSEL+ {CERN)
DONALD, EDWARDS, NI SAR+ ( LI VP CERN I PNP C DEF)
HILL r ROBI ttISQNr SAKI TT + ( BNLr CARNEGI E }

BA NNE R

BO Hi'1

BC ZQK I
DOYLE
GOBB I
HY AtMiS

MORF IN
STUTZKF

69 P R 188 Z033
69 THE SI S
69 PL 308 498
69 UCRL 18139-THE S IS
69 PRL 22 682
69 PL 298 521
69 PRL 23 660
69 P R 177 2009

+CRQNINr L IIJr P ILCHER ( PRI NC E TON )

A. BOHM (AACH)
+FENYVESrGQMBOSIrNAGYrSURANYI+ (BUDAPEST)
J ~ C ~ DOYLE (LRL )

GOBB I r GRcE Nr HAKE L r MOFFE TTr ROSE N+ ( ROCHESTER)
+KOCHr POTTFRr VQN L INDERNr LOREN Z+ CERN(MPlM )
MORF I NrSI NC LAI R {H ICH)
+ABASHIANr JONESr MANTSCHrORRr SMITH(ILLINCI S)

MQFFETT 70 BAPS 15 512 +GOBB I r GREEN r HAKE L r ROSE jh ( ROCHES TFR)
WEBBER 70 PR Dl 1967 +SOLMITZ r CRAWFORDr Al STON-GARNJOST ( LRL)

ALSO 69 UCRL 19Z26 THE SI S B R WEBBER (I RL )

D C CAMERINI 62 VALUE CHANGED FROM 1.7 (SEE TABLE 1 OF CAMERINI e6)
D A CHRI STEN SON 65 CORRECTED FOR INTERFERENCE BY FITCH 6 5 FOOTNOTE.
0 V VISHNEVSKY 65 NOT CORRECTED FOR INTERFERENCE EFFECTS
D N CANTER 66 ERROR IGNORES UNCERTAI }hTY OF PHASE SHI FTS T HES E EVENTS
D N ARE USED IN HILL 71
0 8 BOTT-BODENHAUSEN 69 IS A REEVALUATION OF BOTT —BQDENHAUSEN 66.
D F FAISSNER 69 HAS ADDNLo SYSTEMATIC ERROR LESS THAN TWO PERCENT o

0 R ARONSON 70 AND CARNEGIE 71 USE KQS MEAN LIFE~ ~ 862+- ~ 006 E—10 SEC ~

0 R WE HA VE NOT A TTEtvtP TED TO AD JUST THES E VALUES FOR THE SU BS EQU ENT
D R CHANG E IN THE KQS MEAN LIF E QR IN ETA+-
D H HILL 71 PRIMARY RESULT IS THAT DH IS PQSIT IVE
D H THE MAGNITUDE MAY HAVE AN ADDI TIQNAL SYSTEMATIC ERROR OF ABOUT 0 12

I 0 S NQT AVERAG ED BECAUSE ERROR IS LARGE AND SYSTEMATICS NOT DI SCUSSED

13 KQL MEAN LIFE ( UNI TS 10&+-8 SEC)

8/67
1/71
3/68

10/71
).0/71

1/71
1/71

11/75
2/76
2/76

10/71
10/71
2/76

BALTAY
AL SQ

CHQ
JAMES
HEI SNER
REPF LLI iN

71 PRL 2 r 1678
71 NEVIS- 187 THESIS
71 PR D3 1557
71 PL 3 58 Z65
71 PR D3 59
71 PL 368 603

METCALF 72 PL 403 703
MORSE 72 PRL 28 388
NAGY 72 NP 847 94

ALSO 69 PL 308 498
SK JEGGF S 72 NP 848 343

AL ITT I 72 PL 398 568
BANtNER 72 PRL 29 237
JAMFS 72 NP 849 1
JONES 72 NC 9A 151

+BRI DGEW AT ERr COOP ERr GER SHH INr HAB I 8 I+ ( CQLU)
WILLI AM A. COOPER ( CClLUMBI A )
+DRALL E, CAN) ER r E NGLER r F I SK+ ( CAR N+BNL+CASE )
+MONTANET r PAUL r PAULI+ (CE RN+SACL+OSLO )
+HANNr HERTZBACH, KOFL E R + ( MASA+BNL+ YALE )
+WOLFFr CHQLLETt GAILLARDr JANE+ (ORSA+CERN)

J AL ITTI r E LESQUQYrA MULLER ( SAC

LAY�)

+CRONIN, HOFFMAiN, KNAPP r SHQCHET (PRINCETON)
+MONTANE T, PAUL, SA ETRE+ (CE RN+SACL+QSLO)
+ABASHIANr GRAtlAHr MANTSCHrORRr SMITH+ ( ILL)

+NEUHOFERr NIEBERGALI + ( C E R N+ I P N+ W I E N }
+NAJENBERGr B I ERMANr SAGER+ (CQLO+PR IN+ UMD)
+TEL BI SZr VESZTERGQMBI ( BUDA P EST )
BQZDK Ir FENYVESr GOMBOSI r NAGY+ (BUDAPEST)
SK JEGGESTAO r JAMES r MONT A NET+ (OS LQ+CERN+SACL )

K QL HEA
34 8 ~

ASSUMED
15 5 ~

5 ~

700 6 ~

5
(5 ~

4M 5 ~

SUM OF P

N LIFE
1
DS =DQ
1
3
1
15
0)
154
ART I AL

~ ~ ~ ~

5 ~ 158
5 158
5.183

T
T

T
T
T
T 1
T
T L
T
T L'

T
AVG

T STUDENT
T F I T

3 2 2 ' 4
AND DELT A I 1/2

2 ~ 4 3
0.6
1 ~5 1 ~ 2
0 ~ 14

(0 5)
0 ~ 044
DECAY RATES

BARDON
CRAW FORD
DARMON
FUJI I
ASTBURY3
DEVLIN
LORY S
VQ SB URGH

58 CNTR
59 HBC
62 FBC
64 OS PK
65 CNTR
67 CNTR
67 HL BC
72 CNTR 2/71

~ ~ ~

0.042 0.042 A VERAGE ( ERROR INCL ~ SCALE FACTOR OF 1 0 )
0 046 0- 045 AVG BY STUDENT 10( H/1 ~ 11 ) -- SEE MA I N TE XT
0 040 FROH F IT ( FRRQR I NCLUDES S CAL E FACTOR OF 1 0 )

BA RMI Nl
BA Rt-1 I N2
BURGUN
FACKLER
GJ ESDAL
Hl LL
MA LLARY

73 PL 468 465
73 PL 478 463
73 PL 468 481
73 PRL 31 847
73 PL 448 2 17
73 P R DB 1290
73 PR D7 195 3

BQBI SUT 74 LNC 11 646
CQWELL 74 PR 013 2083
G WENIGE 74 PL 488 487
GJ ESDAI 74 PL 528 119

BALDOCEQ 75 NC 25A 688
CAR I THER 75 PRL 34 1244
AR CNS QN 76 iNC 3 2A Z 36
EVERHART 76 PR D14 661
TAUREG 76 PL 65B 92

BI 'RG E 60 ROCH C CNF 601
MULLER 60 PRL 4 418
FITCH 61 NC 22 1160
GQQD 61 PR 124 1ZZ3

+BARYL OVr DAV IDEit}KOr DEMIDOV+ ( ITEP)
+BAR YLQVr DA VI DENKO r DEMI DQV+ ( ITEP)
+8 ER TRAN ET r L E SQUQY r MUiL L E R r P AlJL I+ ( SAC L+ C ERN)
+FR I SCHr MART I Nr SHOOT r SQMPAY RAC (MIT)
+P RE S SE R r S T E F F E N r S TE I N 8 E RG E R+ ( C E R N+ H E I D )
+SAKITTr SAMIOSr BURRI Sr ENGLER+ ( BNL+CARN I

+BINNIErGALLIVANrGQMEZr PECKrSCIULLI+ (CIT )

+HUZITA rMATT IOL I r PUGLI ERIN {PADO)
+LEE-FRANZ I NI r QRCUTT rF RANZINI + (STQN+CCLU }
GEWENIGERr GJESDALr PRESSER+ {CERN+HEID)
+PRESSER, STEFFFN, STEINBERGER + (CERN+HEID)

BALDQ-CEOLINr BOBISUTr CAL IMANI+ {PADO+WISC)
CARI THERSr MODI Sr NYGRENr PUN + {COLU+NYU )
+MC INTYREr ROEHRIG + ( WI SC+EF I+UCSD+ I LLC)
+KRAUS r LANDEr LQNGr LQWENSTEIN + (PENN )
+ZECH r DYDAKr NA VARRI A+ ( HE ID+CERN+DORT )

PAPERS NOT REFERRED TO IN DATA CARDS

R W BIRGEr P P ELY + ( L RL+W I SCQN

SIN�)

MULLER r BI RGE r FOWLERr GOOD r PICC I QNI+( LRL+BNL )
V F ITCHr P P IRQUEr R PERK INS (P R I N+ LASL )
GOOD ~ MA TSE N r MULL ERr P I CC IONI + (LRL )

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pll
P12
P13
P14
P15
P16
P17
P18
P19

KQL I NTO
KQL INTO
KQL INTO
KQL INTO
KQL I NTO
KQL I NTQ
KQL INTO
KQL I N TO
KQL I NTO
KQL INTO
KOL I NTO
KQL I NTO
KQL I NTO
KQL I NTO
KOL I NTO
KQL I NTO
KQL I NTQ
KQL I NTO
KQL I NTO

3P IQ
PI+ P I — PI 0
P I MU NEUTRINO
P I E NEUTR INO
PI+ P I—
MU+ MU-
E+ E-
E MU

TWQ GAMMAS
Pj+ PI — GAMMA
PI 0 PI 0
PI E NEU GAMMA
PI 0 TWO GAMMAS
F+ E- GAMMi A

MU+ i4lU- GAMMA
MU+ MU- PI 0
PI+ P I — E+ E-
PI 0 P I+- E-+ NEU
(P I MU ATOM ) NEU

TAU 0 PRIME
TAU 0
KL MU3
Ki E3
KL PI+ PI-
KL 2MU
KL ZE
KL EMU
KL 2GAMMA
KL P I+-G

2PIQ
KL E3GA M

KL PI 2GAHM A

KL 2EGAM
KL ZMUGAM
KL 2 MUP I 0
KL 2PI ZE
KL 2 PIE NEU

KL ( PIMU) NEU

13 KQL PA'RT IAL DECAY MODES

0
134+
139+
139+
139+
139+
10 5+

5+
5+
Q+

139+
1.34+
139+
134+.5+
105+
10 5+
139+
134+

ECAY M

134-r
139+
105+.5+
139
105

~ 5
I. 05

0
139+
134

5+
0+,
5+

105+
105+
139+
139+

ASSES
134
134

0
0

0+ 0
0
0
0

134.5+ ~ 5
5+ 0

CRAWFORD 62 CERN CCNF 827 F S CRAWFORD
AUERBACH 65 PRL 14 192 AUERBACHrLANDErMANNr SCIULLIrUTO +
TR I LL I NG 6 5 U CRL 16473 GEOR GE H TR ILL I NG

UPDATED F RCM 1965 ARGONNE CONF ~ r PAGE 115~

( LRL)
(PENN}

( LRL)

NEUTRAL K CONSTRAINED FIT
OVERALL FIT OF MEAN LIFEr WIDTHS AND BRANCHING
RATICS USES 64 DATA POINTS TO DETERMINE SIX
QUAN TI TI E Se OVERALL F IT HAS CHI —S QU ARE D=69.8

3/78
3/78

~+attntnerlealrg"„t ggrettroatlttlt at. ter

l3 LONG-LIVED NEUTRAL K{498r JP=0—) I=1/2

61 Cft}T R
61 HL BC
62 HL BC
65 HL BC
65 HLBC
65 OSPK
65 OS PK
65 OSPK
66 OS PK
66 Hl Bc
66 OSPK
66 HBCr
eb DBC
66 HBC
66 QS PK
66 HBC
66 HBC
66 OSPK
67 DBC
67 OS PK
68 OSPK
68 HBC
68 QSPK
69 0 SPK
69 AS FK
70 CNTR
70 AS PK
71 OSPK
71 A SPK
71 DBC
73 OSPK
74 S PEC
74 SPEC

{0' 35)
{0.29)
(0 ~ 23)
( Q. 24)
(0 36)
(0 ' 12)
LESS{0.15)

( 0.039)
{0 24)
(0 ~ 027 )
(0 ~ 17)
(0 ~ 18)
(0 ~ 10)
(0 ' 17)
(0 ' 34)
RED
(0 ' 16)
(0 19)
(0 11){0.13)
( 0 044)
( 0.046)
(0 024)
( 0. 020)

0 ~ 006
( 0 ~ 006)
( 0.052 )
(0.007)
(0 14)
(0 ~ 038)
0 0030
0 ~ 0040

(2 ~ 20)
{0.84)
(}.~ 02 )
(0 ~ 55)
{0~ 26)
(0.64 )

(0 70) OR
(0.89)
(0 514)
(0.42 )
(0 ~ 531)
(0 58)

(+0 ~ 64 )

(0~ 62)
(0.8l )
{0 74)

+ SIGN FAVO
(0.38)

(+0 ' 64)
{0~ 65}
(0 ~ 59 )
( 0. 520)

{+0.487)
(0 ~ 547}
(0 ~ 555)
0.5i42

(0 542)
(0.481)
(0 534)

(+0 ~ 67)
(0 ~ 557 }

Q. 5340
0 5334

FITCH
( 0.2?) GQQD

CAMERINI
AU BERT

(0.26)BALDQ-CEQ
CHRISTENS
F I TCH
VISHNEVSK
ALFF —STFI

( 0.36) BA LDQ-CE Q
BOTT- BOD E
CAME R I NI
CANTER

(0 ~ 16 } CHANG
FU JI I
ME ISNER1
ME I SNE R2
JOVANQVI C

CANTER
HI SCHKE
BALATZ
CARNEGIE
ME LHQP
BOTT —BOD E
F A I SSNER
CULLEN
ARQNSCtt}

( 0 ~ 075) BALATS
CARNEGIE
HI I L
FACKLER
GEWF NIG3
G JE SDAL

0 TX
D X

D TXC
0 TX
0 X

D TXA
D TX
D V 130
D X
D X 84
0 8
D TX
0 N

D X

D X
0 X 59
0
D X

D TX 136
D X

D X 590
D X
D TX
0 BX
0 FX
D

D R
D X

0 R

D TH 119
0 S 1757

D

D

D
n

8/67
6/66

A SSUMES C P CONS ~

CF ME I S NE It 66
C U AND A L REGEN

6/66
7/66
8/6 7
6/66
8/67
9/66
8/67

11 /66
8/67
9/66
6/66
9/66

11/66
ll/67

~ 11/67
3/68
3/68
6/68
1/71

10/69
1/71
1/71
9/71
8/71

10/71
11/73
11/75
11/75

KQ+N INTO HYPE R.
C REGEN

DBC KO+N INTO HYPER
KQ SCATTER IN D2
KQ+P INTO HYP ER
IRON REGENERATOR

77
72
95

C+URANIUM REGENT
KQ+D INTO HYPER

AL REGENERATOR
GAP MET HOD
ST. STEEI REGEN

C RFGEN
REGEN IN CU

GAP METHOD

GAP METHOD ~

GAP MET HQD
CHG ASYMMETRY

~ ~ ~ o ~

0 ~ 5349
0 5348

NQ AT TEMPT HAS
ERRORS FOR THE
A KQS HEAR LI F
MiASS DI F F ERENC
UNITS VALUES
AB SOLUTE UNI TS
KQS MEAN L IF E ~

~ ~ ~

0 ~ 002Z AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 oQ0.0025 AVERAGE USING STUDENT10{H/1. 11) —— SEE MAIN TEXT
ENTS

BEEN MADE TO CORREC I OLDER EXP ERIHENT S WITH LA RGF ll/75
SUBSEQUENT CHANGES IN THE KQS MEAN LI FF QR IN ETA+ —~ 2/76

E OF 0 ~ 862 10&&-10 SEC HAS USED IN CONVERTING THE 1/71
E FROM IJNITS QF INVERSE KQS MEAN LI VES TO ABSOLUTE 1/71
NQT BEARING THIS FQQTNOT E EITHER WERE GI VEN I N 1/71

OR WERE CONVERTED USING THE AUTHORS' VALUE OF THE 1/71
1 /71

AVG
STUDENT

0 X
0 X

D T
0 T
D T
0 T
D T

13 (.KQL) — (KQS ) MASS DIFFERENCE.
WE GIVE (KQL-KQS MASS DIFFERENCE / HBAR) IN UNITS OF 10+&10 SEC—I

FITTED PARTIAL DECAY MODE )3RANCliING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , - where1 1 1
6P. = ~(6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-1 e 1 1
cients (6P.6P. ) /(6P. ~ 6P.). For the detinitions of the individual P. , see the listings1 J 1 J 1'
above; only those P, appearing in the matrix are assumed in the fit to be nonzero and
are thus constrained to add to i.

P 2P 1 P P 5
P 1 .2147+- ~ 0073
P 2 —~ 5340 .1239+-.0018
P 3 —~ 5709 ~ 1 869 ~ 2701+- 0048
P 4 - ~ 6711 2 212 — 1 788 .3884+- ~ 0054
P 5 — 3361 4867 .1379 1627 .0020+- 0001
Pl, l o1719 —~ 1061 —~ 1115 —~ 1312 —e0665 .0009+-.0002

P 11

FITTED PARTIAL DECAY MODE RATES

G 1 G 2 G 3 G 5
G 1 ~ 0414+-.0015
G 2 —~ 328 5 QZ 39+-.0004
G 3 — 3816 2970 .0521~-.00 10
G 4 — 4277 .3439 — 002 8 0749+- 001 1
G 5 —.2206 .5284 ~ Z 112 2440 0004+- ~ 0000
G 1 1 1814 —~ 0706 — 0798 —~ 0896 —,047 1 o 0002+-. QQQQ

G 4

13 KQL DECAY RATES

Wj
Hl
Wl

F IT

KQL INTO PIG PI 0 PI 0 (UNITS 1M+6 SEC—1 } ( Gl )
54 5 22 1 ~ 03 0.84 BE HR . 66 HLBC A SSUMES C P

o o ~ o ~ ~ e o ~

4o 14 0.15 FROM F IT (ERROR I NCLUDE 5 SCALE FACTOR OF 1 o3 )

The matri~ below is the branching traction matrix above, transformed into rate
space; i. e. , G. = l. = & P. , in appropriate units. In analogy to the matrix above,total i'
th' ~d'a o ai element ~ a. e G. a ttG. , here dG. = hi ldG. tt".), h'ie th ii-d' ao ai1 1' 1 1 1
elerrrents are the normalized correlation coefiicients (6G. 6G.)/(6G. ~ 6G. ). Nofe that,

1 J 1
because of the error in I, the errors and correlations here are not directly derivabletotal'
from those above.

8 /66
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Data Card Listings
For notation, see key at front of Listings.

Stable Partic1es

8/66
6/66
8/66

10/7 1
~ 4/71

6/71
10/7 1'

1/73
1/76

11/73

LIEIGHTED AUERAGE = 2.34 + 0.11
ERROR SCALED BV 1.2

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit prog ram, which
calculates its own values of x, gx,
and s cale factor, which ar e diff er-
ent from the values shown here.

W2 KCL INTO PI+ PI — PO (UNITS 10++6 SEC-1) (G2 }
WZ 18 3 26 0 ~ 77 ANDERSON 65 HBC
W2 14 1 4 0 FRANZINI 65 HBC
WZ 136 2» 62 0» 28 0» 27 BEHR 66 HLBC ASSUMES CP
W2 53 2 20 0»35 WEBBER 70 HBC A SSUMES CP
W2 99 2» 71 0 ~ 28 CHO 71 DBC ASSUMES CP
WZ J 98 (2 ' 5) (0 ' 3) JAMES 71 HBC A SSUMES CP
W2 50 2 ~ 12 . 0 ~ 33 MEISNER 71 HBC ASSUMES CP
WZ J 180 2 35 0.20 JA ME S 72 HBC ASSUMES C P
W2 192 2 ~ 3Z 0 13 0 15 BALDOCEQL 75 HLBC ASSUMES CP
W2 IN THE OVERALL FIT THIS RATE IS WELL DETERMINED BY THE MEAN L IFE AN

W2 THE BRANCHING RATIO R2 FQR THI S REASON THE DISCREPANCY BETWEEN THE
W2 W2 MEASUREMENTS DOES NQT AFF ECT THE SCALE FACTOR OF THE OVERALL FI T
W2 J JAMES 72 I S A FINAL MEASUREMENT AND INCLUDES JAMES 71.
W2 ~ ~ ~ ~ ~ ~ » ~ ~

W2 AVG 2» 34 0 1 1 AVERAGE ( FRRQR INCLUDES SCAL E FACTOR OF 1»2 )
WZ STUDENT 2 35 0 10 AVERAGE USING STUDENT10( H/1»11 I —SEE MAIN TEXT
W2 F IT 2 ~ 391 0 038 FROM F IT ( ERROR INCL UDES SCALE FACTOR OF 1 ~ 2)

( SEE IDEOGRAM BELOW )

13 KOL BR ANC HIN G RATIO S

Rl KOL INTO (P I0
Rl 24 0 24
Rl 549 0 251
Rl 444 0 277
Rl 29 0 ~ 31
Rl ~ ~ ~ »»
Rl AVG 0 ~ 260
Rl STUDENT 0 260
Rl F IT 0 274

P I 0 P I 0)
0.08
0.014
0»021
0 07

~ ~ ~ ~

0 ~ Oil
0 013
0.012

/CHARGED
AN IK INA 64 CC
BUDAGQV 68 HL BC
B.UDAGQ V 68 HL BC

0 ~ 06 KULYUKINA 68 CC

( Pl) /(P2+P3+P4)
6/66

QPSAY MEASUR ~ 10/68
EC POLY TEC MEAS 10/68

2/71

R2 KOL
R2 59
R2 79
R2 75
R2 66
R2 326
R2 566
R2 1729
R2 126
R2
R2 1402
R2 1590
R2 3200
R2 558
R2 6499
R2
RZ AVG
R2 STUDENT
R2 F IT

INTO ( P I+
0 185
0 151
0. 157
0 15
0. 159
0.178

(0 144 I

0. 162
0, 161
0 167
0. 1605
0.146
0 ~ 159
0 ~ 163

~ ~ ~

0 1587
0 1600
0 1584

AVERAGE ( ERROR INCLUDES SCAl E FACTOR OF 1 ~ 0)
AVERAGE USING STUOENT10(H/1. 11) —— SEE MAIN TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 3)

PI — PIO) /CHARGED ( P2 ) / (PZ+P3+P4)
0 038 ASTI ER 61 CC
0.020 ADAIR 64 HBC
0.03 0. 04 LUERs e4 HBc
0 03 0 04 ASTBURYl 65 CC
0 ~ 015 ASTBURY2 65 CC
0 ~ 017 GUIDQNI e5 HBC

(0 004) HQPK INS 65 HBC SEE HOPKINS 67
0 ~ 015 HA WKI NS 66 HBC
0 005 HOPKINS 67 HBC
0 ' 016 KULYUKINA 68 CC
0 ' 0038 ALEXANDER 73 HBC
0 ~ 004 BRAND ENBU 73 H BC

0 ~ 010 E VAN S 73 HL BC
0.003 CHQ 77 HBC

~ ~ » ~

0 .0024 AVERAGE ( ERROR I NCL UDE S SCALE FACTOR OF 1 3
0 0022 AVERAGE USING STUDENT10(H/1 ~ 11) —— SEE MAIN
0 0020 FROM F I T (ERROR INCLUDES SCALE FACTOR QF 1 2
( SE E IDEOGRAM BELOW }

8/66
8/66
8/66
8/66
6/66
6/66
6/66
eyes
8/67
2/7 1
1/74
1/74
1/73

11 /77

TEXT

BALDOCEOL 75
JAf1ES 72
f1EISNER 71

. CHO 71
-LJEBBER 70
BEHR 66
FRANZINI 65

-ANDERSON 65

0 2 4 6
KOL RATE INTO PI+ PI- PIO (10+&6 SEC-1)

HLBC
HBC
HBC
DBC
HBC
HLBC
HBC
HBC

CHISQ
0.0
0.0
0.4
1.7
0.2
1 ~ 0
5.5

Ei .9
(CONLEU
=0»177)

KOL I NTQ PI E
7.52

620 7 81

3
W3
W3
W3

W3 AVG
W3 STUDENT

3 F IT

7 ~ 71
7 ~ 71
7 49

NE UTR INQ ( UNI TS I 0&&6 S EC -1 ) {G4)
0»85 0 72 AUBERT 65 Hl BC 0S=DQgCP ASSUMED 8/67
0»56 CHAN 71 HBC 2/72

~ ~ ~ ~

0 ~ 46
0 ~ 49
0 ~ 11

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1»11) -- SEE MAIN TEXT

FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1»l }

8/6 7

2/72
8/67

10/70
2/72
1/73
9/72

TEXT
)

W4 KOL INTO CHARGED (3-BODY) (UNITS 10++6 SEC-1) (G2+G3+G4)
W4 98 15.1 1.9 AUERBACH 66 QSPK
W4 ~ ~ ~ ~ ~ » ~ ~ ~

W4 F IT 15 ~ 09 0 17 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1

W5 KOL I NTQ LE PTC NI C ( KMU3+KE3} (UNI TS 10++6 SEC-1) ( G3+G4 }
W5 0 109 9 85 1 ~ 15 1.05 FRANZINI 65 HBC
W5 C 335 ( 10 3) (0»8) HILL 67 DBC K+N TQ K0 P
W5 0 393 11 ~ 6 0.9 CHQ 70 DBC K+N TQ KOP
W5 D 252 13 1 1 ~ 3 WEBBER 71 HBC K- P TO KOBAR N

W5 0 410 12. 4 0»7 BURGUN 72 HBC K+P TQ KOPPI+
W5 0 126 8 47 1 ~ 69 MANN 72 HBC K- P TO KOBAR N

W5 C CHQ 7C INCLUDES EVENTS OF HILL 67
W5 D ASSUMES DS=DQ RULE
W5 ~ ~ ~ » ~ ~ ~ ~ ~

W5 AVG 11»60 0 65 AVERAGE (ERROR INCLUDES SCALE FACTQR QF 1 ~ 5
W5 STUDENT 11 66 0 ~ 54 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN
W5 F IT 12 ~ 70 0» 15 F ROM F IT ( ERROR INCLUDES S CAL E FACTOR QF 1 ~ 1

( SEE IDEOGRAM BELOW )

LIEIGHTED AVERAGE = 0.1587 + 0 .0024
ERROR SCALED BY 1.3

Values above of weighted average
error, . and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, ex,
and scale factor, which are differ-
ent from the values shown here.

CHO
.EVANS
BRANDENBU
ALEXANDER
KULYUKINA

.HOPKINS
HAAKINS
GUIDONI

. l:ISTBURY2
-ASTBURY1
LUERS

. ADAIR

. ASTIER

0. 'lH 0.22 0.26

77 HBC
73 HLBC
73 HBC
73 HBC
6B CC

67 HBC
66 HBC
65 HBC

65 CC

65 CC
64 HBC
64 HBC
61 CC

CHISQ
2 ~ 0
0.0

10.1
0.2
0.3
0.2
0.0
1.3
0 ~ 0

14.2
( CONLEU
=0 .077)

KOL INTO (PI+ PI- PIO) iCHARGED

(P3}/(P2+P3+P4)R3 KOL INTO (P I MU NEUTRINO) /CHARGED
R3 C 251 (0 ~ 356) (0 07) LUERS 64 HBC
R3 C 172 (0 39) (0 08) (0.10) ASTBURY1 65 CC
R3 C 330 (0 335) (0 055) KUi YUKINA 68 CC
R3 C THI S MODE NQT MEASURED INDEPENDENTLY FROM RZ AND R4
R3 ~ ~ ~ ~ ~ ~ ~ ~ »

R3 F IT 0 ~ 3452 0 0051 FROM F IT

7/66
2 /71

WEIGHTED AVERAGE = 11.60 + 0.65
ERROR SCALED BY 1.5

bove of weighted. average,
nd scale factor are fc." the

s convenience only. The
e actually processed by a
ned iit program, which
es its own values of x, gx,
e factor, which are differ-
the values shown here.

2/76

7/66
2/71

R5 KOL INTO (P I E NEU}/((P I E NEU)+( PI MU NEU) ) (P4) /( P3+P4)
R5 320 0 ~ 415 0»120 AST IER el CC
R5 »»»» \» \»
R5 F IT 50 898 0 0059 FROM F IT ( ERROR I NCL UDE 5 SCALE FACTOR OF 1 0)

.R6 KOL INTO (P I+ P I- P IO)/TOTAL
R6
R6 ~ » ~ ~ ~ » ~ ~ ~

Re F IT 0 1239 0 0018 FROM F IT

( P2)

R4 KOL INTO {P I E NEUTRINO I/CHARGED ( P4) /{P2+P3+P4}
R4 24 0 ~ 46 0 ~ 11 NE AGU 61 CC
R4 153 0 487 0 ~ 05 LUER S 64 HBC
R4 202 0.4e 0.08 0. 10 ASTBVRY1 65 CC
R4 500 0.49 8 0.052 KULYUKI NA 68 CC
R4 » ~ ~ ~ ~ » ~ ~ ~

R4 AVG 0»485 0 ~ 032 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1»0)
R4 STUDENT 0 485 0 ~ 034 . AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT
R4 F IT 0»4964 0.0051 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

GUN

BER

NZINI

72 HBC
72 HBC
71 HBC
70 DBC
65 HBC

6 10 l4 18
KOL RATE INTO KllU3 + KE3 (10&+6 SEC-1)

CkISQ
3.4
1.3
1.3
0.0
2.5
B»6

(CONLEU
=0.072)

8/67
We KOL I NTQ PI MU NEUTRINO UNI TS 10&+6 SEC-1 } (G3)
W6 19 4 ~ 54 1 24 1 08 LOWYS 67 HLBC
W6 »» ~ » ~ ~ ~ » ~

W6 F IT 5 ~ 211 0 ~ 100 FROM F IT (ERROR INCLUDES SCALE FACTOR DF 1 1 )

( P3+ P4)R7 KOL INTO (LEPTON PI NEUTRINO) /TOTAL
R7
R7 ~ ~ ~ ~ ~ ~ » ~

R7 F IT 0 ~ 6584 0 0066 FROM F IT

INTO ( 2 GAMMA) /TOTAL (UN 10++-4) ( P9)
(j. »3) (0 ~ 6 ) CR I E GEE 66 0 SPK
6 7 2 ~ 2 TQDQRQFF 67 Qs pK REpL ~ cRI EGEE66

(7 4) {1 6) CRONIN I 67 OSPK
5 5 1' 1 KUNZ 68 QS PK NORM TQ 3P I ( C+N )

4 ~ 5 1 ~ 0 ENSTROM 71 QSPK KQL 1 5-9 GEV/C
5 0 (1 ~ 0) REPELLIN 71 QSPK
4 54 0 ~ 84 BANNER2 72 QS PK

S VALUE USES ( EOO/E+- ) s's'2=1» 05+-0 14. I N GENERAL y S13R8
32+-0 ~ 55}+ {10+&-4)+ {( EOO/ E+-) s&2 )
UMES REGEN AMPL IN COPPER AT 2GEV IS 22 MB TO EVALUATE

A GIVEN REGEN AMPL AND ERRORS MULTIPLY BY (REGEN AMPL/22MB) ++2
C RIEG EE, 66 REPLACED BY TQDQROFF 67
CRONIN j 67 REPi ACED BY KUNZ 68
~ » ~ ~ ~ » ~ »»

89' 0 54 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.0)
4 88 0 59 AVERAGE USING STUDENT I 0{H/I 1 1 ) -- SEE MAI N T

R8 KOL
R8
R8 32
R8 K 33
R8 90
R8 23
R8 R

R8 B
RB 8 THI
R8 B (4 ~

R8 R ASS
R8 R FOR
R8 C
R8 K
RB
R8 AVG
R8 STUDENT

8 /66
11/68
11/67

2/71
2/72

11/71
8/72
8/72
8/72

11/71
11 /71
1 1/68
2/71
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S88 particie Data Group: Review of particie properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

R9
R9 Q

R9 Q

R9 Q
R-9 Q

R9 H 4
R9 Q

R9 Q

R9 M

R9
R9 F IT

KOL INTO (P I+ P I-)/CHARGED ( UNIT 10&+-3) (P5) /(P2+P3+P4)
45 {2~ 0) (0 ~ 4 ) CHRIST EN S 64 OSPK ETA +- = 1 95+-0 ~ 20
54 (2. 08) (0 ~ 35) GALBRA ITH 65 OS PK ETA +- = 1 ~ 99+-0 ~ 16

(1.93) (0.26) BASILE e6 OSPK ETA +- = 1.92+-0.13.
(1.993) ( 0.080) BOTT-BODE 66 OS PK ETA +- = 1 ~ 95+—0 ~ 04

200 (2.60) (0.07) MESSNER 73 ASPK ETA +- = 2.23+-0 05
QLD EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECTION E+- BELOW FQR
AVERAGE ETA+ — OF THESE EXPERIMENTS AND FOR NQ IE GN DISCREPANCY
FROM SAME DATA AS R27 HESSNER 73 ABUT W ITH DI F FERENT NORMALIZATION»

~ ~ ~ ~ ~ ~ ~ ~ ~

2.589 0 ~ 060 FROM F IT

2/76
2/76
2 /76
2/76
6/73
2/76
2/76
6/73

( P3) /( P4)
6/66

11/67
8/67
8/67

10/68
3/74

10/69
1/73

10/70
1/74
1 /73

10/74
1/74

)
TEXT

)

Rl 1
Rl 1
Rll
Rl 1
Rll

KOL INTO &MU+HLI- ) /CHARGED
100 ~ 0 OR LESS
250. 0 OR LESS

2 ~ 0 OR LESS
35 ~ 0 OR LES S

{UNITS 10++-6)
ANIK IN A . 65 CC
ALFF-STE I 66 QS PK
BOTT-BODE 67 OSPK
F ITCH 67 OS PK

CI =.90
CL= ~ 90
CL= 90

{P6) /{ P2+P3+P4)
6/66
9/ee
8/67
3/68

R12
R12
R12
R12
R12
R12
R12 D

R12
R12 0

KOL INTO t P I+
15 ~ 0

0 5 ' 0
1 3 ~ 0

0 ~ 4
3 ~ 2

24 0 062
0 ~ 46

USE S KOL TG

PI- GAHMA)/TOTAL
OR LESS
OR LESS
OR LESS
OR LESS CL= 90
OR LESS GI = 90

0»021
OR LESS CL= 90
PI+PI —Pj 0/ALL KOL

(UNITS 10+&-3)
A NI K I NA 65 CC
BEI LOTTI 66 HL BC
NEFKENS 66 OS PK
THATCHER 68 OS PK
BOB I SUT 74 HL BC
DCNALDS1 74 SP EC
WGQ 74 SP EC
DECAYS = 0 126

(P10}
GAM KE
GAM KE
GAM KE
GAM KE

6/66
40-130 MV 8/67
120 HEY 6/66
20-170 M V 2/71
GT 40 ME V 12/75

10/74
12/75
10/74

R13
R13
R13
R13

KOL INTO {E+ E-)/CHARGED (UNITS 10+&-6)
1000.0 OR LESS ANI K I NA 65 CC

200 ~ 0 QR LESS CI =. ~ 90 ALFF-STE I 66 QSPK
23 ~ 0 OR LE S S CL=»90 BOTT-BODE 67 OS PK

&P7)/(P2+P3+P41
6/ee
6/66
8/67

R10 KOL INTO (PI MU NEU}/&PI E NEU)
R10 0.81 0.19 ADAIR 64 HBC
R10 0. 82 0 ~ 10 DE BQUARD 67 QS PK
R10 273 0 ~ 7 0 2 HAWKINS 67 HBC
R10 0 ~ 81 0»08 HOPK INS 67 HBC
R10 770 0. 71 0.05 BUDAGQV 68 HLBC
R10 K (0.67} (0.13) KULYUKINA 68 GC
R10 B 569 (0 ~ 71 ) ( 0. 04) BEILLI ERE 69 HL BC
R10 1309 (0 ~ 648) t 0 ~ 030) EVANS 69 HLBG REPL ~ BY EVANS 73
R10 3548 0.68 0.08 BASILE 70 OSPK
R10 6700 0 741 0 044 BRANDENBU 73 H BC
R10 1309 0.662 0 ~ 030 EVANS 73 HL BC
R10 10K 0.662 0. 037 WI LL I AMS 74 AS PK
R10 K KLILYUK INA 68 R10 I S NOT MEASURED INDEP ENDENTL Y FROM R2 AND R4 ~

R10 B BEI LL IERE 69 I S A SCANNING EXPT LIS ING SAME EXPOSURE AS BUDAGOV 68
Rl0 ~ ~ ~ ~ » ~ ~ ~ ~

R10 AVG 0.695 0 ~ 0 19 AVERAGE ( ERROR INCL L}DES SCAL E FAG TQR OF 1 ~ 1
R10 STUDENT 0 ~ 695 0 021 AVERAGE USI NG STUDE NTl 0(H/1 11) -- S EE MAIN
R10 F IT 0.695 0 ~ 0 17 FROM F IT ( ERROR INCLUDE S SCALE FACTOR OF 1 0

LIEIGHTED AUERAGE = 0 .437 + 0 .092
ERROR SCALED BY 1.6

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The

lly processed by a
program, which
wn values of x, 5x,
r, which are differ-
lues shown here.

SSNER
AGijU

f1 IN

NER

—0.5 0.5 1.5
KOL INTO (2PI03 i (3PIO) (10}}}}}(—23

76 OSPK
70 DSPK
70 HLBC
70 HLBC
69 ijSPK

2.5

CHISQ
6.6
2 ~ 4
0.6
0.7
0.0

10.4
(( (jNLEU
=0.0353

5/70
11/70
2/76
2/76
2/76
7/79~
2/76
2/76
2/76
2/76

1

TEXT

R23 KOL I N TQ ( E+ E- ) / {P I+P I-) (UNITS 10&+-5 ) (P7)/(P5)
R23 0 10.0 OR LESS GL=. 90 FQETH 69 ASPK
R23 0 ~ 10 OR LESS CL=.90 CI ARK 71 ASPK

5/70
6/71

(P6) /{P5)R22 KOL I NTO &MU+MU-) / ( P I+P I- ) {UNITS 10&+-6)
R22 0 140 ~ OR LESS GL=»90 FOETH 69 SPEC
R22 0 18 ~ OR LES S CL= ~ 90 DARRIULAT 70 SPEC
R22 A 0 (1~ 53) QR I ESS CL=»90 CLARK 71 SPEC
R22 C 9 5.8 2 3 1 5 CARI THERS 73 SP EC
R22 F 3 4. 2 5.1 2 ~ 6 FUKUSHIMA 76 SP EC
R22 15 4»0 1 ~ 4 0 9 SHQCHE T 79 SP EC
R22 A CLARK 71 LIMIT RAISED FROM 1»2 E-06 BY FIELD 74 REANALYSIS
R22 A NGT I N AGREEMENT W I TH SUBSEQUENT EX PTS ~ SO NOT AV ERAGED ~

R22 C CAR IT I-ERS 73 ERRORS ARE AT CL=O ~ 68' W. CARI THERSg PRI V. COMM 1979
R22 F FUKUSHI MA 76 ERRORS ARE AT CL 90 PERCENT ~

R22 AVG 4.47 0,95 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0
R22 STUDENT 4 ' 5 1.0 AVERAGE USING STUDENT10(H/1 ~ 111 -- SEE HAIN

R14
R14
R14
R14
R14

KGI INTO ( E MU) /CHARGED (UNITS
10.0 OR LESS

1 0 OR LESS GL= 90
0. 1 QR LES S CL= 90
0. 08 OR LESS GL= 90

lb++ —4)
ANIK I NA 65 CC
CARPENTER 66 OSPK
BOTT-BODE 67 OS PK
F I TCH 67 OSPK

( PB) /(P 2+P3+P4)
6/ee
8/ee
8/67
3/68

R24 KQL INTO (E MU)/{PI+PI —) t UNITS 10+&-5) ( PB) /(P5)
R24 0 ~ 10 OR LESS CL= ~ 90 CLARK 71 ASPK

KOL INTO (P I E NEU GAM)/(KL E3 ) (UNITS 10»I'+-2} ( P 12) /(P 31
3 ' 3 2.0 PEACH 71 HL BC GAM KE GT 15 MEV

6/71

6/71
R15 KOL INTO ( E+ PI- NE U) /( E- PI+ NEU)
R15 Q 97 (0 90 ) (0 ~ 18) NE AGU 61 CC
R15 Q (1 ~ 01 ) (0» 16) LUERS 64 HBC
R15 0 894 (0~ 991 (0 023) KULYUKI NA 66 CC
R15 Q 1539 (1.06 ) t0.05) VERHEY 66 QSPK
R15 Q LQW PREC I SION EXPTS NOT AVERAGED ~ FOR MORE PRECISE VALUEg
Rl 5 Q S EE S 13A2 ( BENNETT 70r MARX 70)

8/66
9/66
8/67

KOL I NTO ( P IO TWQ GAMMA S) /(3P IO ) (UNITS 10»I'+-3 ) ( P13)/ (P 1}
R26 0 1 ~ 1 OR LESS GL= 90 BANNER 69 OSPK

R27
R27 4.
R27
R27 FIT

(P51/ (P2 )
73 ASPK ETA +- = 2 23

KOL I NTQ ( PI+ PI —) / TAU ( UNI TS 10&+-2)
200 1 ~ 64 0 ' 04 MESSNER

1 ~ 635 0» 036 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 0 )

2/72

6/73
6/73

R16 KOL INTO (MU+ PI- NEU) /{ MU- PI+ NEU)
R16 1M 1 ~ 0081 0.0027 DORFAN 67 OSPK
R16 SEE AI SO S13A2 AND S13AL I N THE CP VIOLATION SECT IQN

11/67
2/71

R28
R28

KOL I NTQ & E+ E- GAMMA)/(3PIO) (UNITS 10++~) &P14)/(P 1)
0 1 3 OR LESS GL=. 90 BARMIN1 7Z HLBC 3/74

R}7
R17 C
R17 C

R17 G

R17 G

R17
R17 F IT

KOL INTO ( P I 0 PI 0) /TOTAL (UNITS 10++-31
7 {1»2) tl ~ 5) (1 ~ 2) CRIEGEE

CRIEGEE EXPT NOT DESIGNED TO MEASURE 2
18'9 (2.5) ( 0 8) GA I LLARD

LATEST RESULT OF THIS EXPERIMENT GIVEN
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 94 0 ~ 18 FROM F IT

( P111
66 OSPK

PIO DECAY MODE
69 OS PK E 00=3 6+-0 ~ 6

BY FAI SSNER 7C R19

7/66

5/69
1/71

R29
R29
R29

R30
R30
R30

KOL I NTO ( MU+ HU- GAMMA) /TOTAL ( UNITS 1 0++-6 ) (P15 1

D 7.81 OR LESS CL= 90 DQNALDS3 74 SPEC
D USES KOL TQ PI+PI-PIO/ALL KOL DECAYS = 0, 126

KOL INTO t MU+ MU- P IO )/TOTAL (UNITS 10++-5) ( P 16 }
D 5.66 OR L ESS CL= 90 DONA LDS3 74 SP EC
D USES KOL TO PI+P I-PIO/ALL KOL DECAYS ~ 0 ~ 1Z6

12/75
6/77
6/77

12/75
6/77
6/77

KOL I
188

1 010
883

R18
R18
R18
R18
R18
R18 AVG
R18 STUDENT
R18 F IT

NTQ (3P I
2 ~ 0
1 ~ 80

{1»65)
~ ~ 4 ~

1.81
1.81
1 ~ 733

(Pl) /(P210) /( P I+P I—P I 0)
0 ~ 6
0 ~ 13

(0.07)

AL EKSANYA 64 FBC
BUDAGOV 68 HL BC
BARM IN2 72 HLBC

9/66
10/68

ERROR STAT ~ ONLY 3/74
~ ~ ~ ~

0.13
0 ~ 14
0 ~ 076

A VE RAGE ( ERROR I NCLUDE S SCALE FACTOR OF 1 ~ 0 )
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

FRQH F IT l ERRCR INC} LIDES SCALE FACTOR GF 1»3)

R31
R31
R31
R31

R32
R32
R32

KOL INTO ( P I+P I-E+E-) /TOTAL (UNITS 10++-6) ( P17 I

30. OR LES S ANIK INA 73 STRC
0 8 ~ 81 OR LESS CL= ~ 90 DONALDSON 76 SPEC
D USES KOL TQ PI+PI-PIO/ALL KOL DECAYS * 0 ~ 126

KOL INTO t P IO P I+- E-+ NEU) /TOTAL l UNITS 10++-3) ( P18)
D 2 ~ 2 OR LESS CL~ ~ 90 DONA& DS3 74 SP EC
D USES KOL TQ PI+PI-PI 0/ALL KOL DECAYS = 0 ~ 126

12/75
3/78
6/77
6/77

12/75
6/77
6/77

8/67
1 1/67
11/68
11/68
2/72

10/69
12/70
10/70
12/70
8/76

1/77

EXT

R20 KOL I NTQ t P I+ PI-)/ (KE3 + KMU3) (UNITS 1
R20 C 309 l 2 51) (0 ~ 23) DE BQUARD
RZQ C 525 (2 ~ 35) (0 19) F ITCH
R20 2703 3 ~ 04 0 ~ 14 DEVQE
R20 Q OLD EXPERIHENTS EXCLUDED FROM FIT SEE
R20 C AVERAGE ETA+- OF THESE EXPERIMENTS AND
R20 » ~ ~ ~ ~ ~ ~ » ~

R20 F IT 3 ~ 076 0 075 FROM F IT ( ERROR I

0&+-3) (P5) /(P3+P4)
67 OS PK ET A+-=2 00+-0 .09 2/76
67 OS PK E TA+-=1 94+-0 ~ 08 2/76
77 S PEC ETA+-=2 ~ 25+-0»05 ll/77
SUBSECTION E+- BELOW FOR 2/76

FOR NOTE ON D I SCREPANC Y 2/76

NCLUDE S SCAL E FACTOR OF 1» 0 )

R21 KOL INTO (2GAMMA) /( 3 P IO) l UNITS 10&+-3) &P9) /(Pl)
R21 16 2 ~ 5 0 ~ 7 ARNOLD 68 HLBC VACUUM DECAY
R21 f BANNER 69 I 5 NEW FXPT NQT TQ BE CCNF WI TH R8 QF CRONIN1 67
R21 115 2.24 0 ~ 28 BANNER 69 OS PK
R21 28 2 ~ 13 0 43 BARMIN 71 HL BC
R21 ~ ~ ~ ~ » ~ ~ ~ ~

R2 l. AVG 2. 24 0 ~ Z2
R2 1 STUDENT 2 ~ 24 0 ~ 24

11/68
2/72

11/e 8
8/71

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
A VERAGE USI NG STUDENT 10 (H/1» 1 1) —SEE HA IN TEXT

R19 KOI INTO (ZPIO)/(3P IO} (UNITS 10 &-2) ( Pl 1 ) /(Pl )
R19 C 109 (1 ~ 89) (0 31) CRONIN I 67 0 SPK ETA 00~4» 9+-0~ 5
R19 C (1 ~ 36) (0 ~ 18) CRONIN 2 67 OS PK ETA00=3 92+-0 ~ 3

CRONIN2 IS FURTI ER ANALYSIS OF CRONIN 1 gNQW BOTH WITHDRAWN
NQ E VENTS SEEN BARTLETT 68 QSPK S EE EOO BELOW
57 0.46 0 ~ 11 BANNER 69 OS PK ETA00=2»2+-0 ~ 3

R19 R 133 ll ~ 31 ) (0 ~ 31.) CENCE 69 QSPK ' ETA00~3»7+-0 5
0. 37 0. 08 BARMI N 70 HL BC ETA'00=2 ~ 02+-0 ~ 23
0 ~ 32 0 ~ 15 BUDA GC V 70 HL BC E TA 00=1 .9+-0 5

R19 F 172 0 ~ 90 0»30 FAISSNER 70 OSPK ETA00=3 2+-0 5
1 ~ 21 0 ~ 30 REY 76 OS PK ETA00=3»8+-0»5

R19 F FAISSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69 R17
R19 R CENCE 69 EVENTS ARE INCLUDED IN REY 76

» ~

0 ~ 437 0 ~ 092 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1~ 6)
R19 STUDENT 0 ~ 425 0 065 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN T
R19 F IT 0 ~ 437 0 ~ 083 FROM F IT \ ERROR INCLUDE S SCALE FACTOR OF 1 ~ 5}

( SEE IDEOGRAM BELCW

R33
R33

KOL I NTO (Pj MU ATOM) NEU/TOTAL (UNITS 10++-7) (P19)
18 SEEN COOM BE S 76 W I RE

MATRI X ELEMENT SQUARED = 1 + G+U + H+U++2 + J+V + K+V++2
WHERE U= t S3-SO)/(HP I»}'+2 ) AND V=( Sl-SZ) /(HPI+++2)

GT0 L INEAR
GT0 Q 79
GTO Q 77
GT0 Q 66
GTO Q 310
GTO Q 280
GTO Q 126
GTO Q 1350
GTO Q 1198
GT0 Q 2446
GT0 Q 29K
GTO QB 36K
GTO Q 4400
GTO Q 180
GTO Q 148e
GTO Q 384
GT0 Q
GTO Q 3200
GTO QC 20K
GTO 509K
GTO Q 192
GT0 Q 56K
GTO H6499
GT 0 4709

COEFFIG
(0 ~ 55 )
(0.51)
(0 32)
(0»51 )
(0 ' 64)
(0 70)
{0.649)
(0 428)
{0 400)
( 0 6501
(0 593)
( 0 ~ 6641
(0 50)
(0 ~ 608)
(o.e88)
(0.612)
( 0 ~ 73)
(0 619)

0 677
le 69)
(0 ~ 5901

0» 681
O. e20

IENT G FOR
&0 23)
(0 ' 20)
{0 13)
(0 091
(0 ~ 17)
&0 12)
(0 044)
(0 0551
(0 ~ 045 )
{0 ~ 012)
{00022)
(0 056)
(0 11)
&0»043)
( 0 074)
(0 032)
l 0 ~ 041
(0 027)
0.0 10

( 0.07)(0.022)
0, 024
0 023

KL --& P I+ PI- P IO
ADAIR 64
LUERS 64
A STB URY1 65
ASTBURY2 65
ANI KI NA 66
HAWKINS 66
HOPKINS 67
NE FKENS 67
BAS ILE2 68
ALBRQW 70
BUCHANAN 70
SMITH 70
JANE S 72
KRENZ 72
METCALF 72
ALEXANDER 73
BRANDENBU 73
BI SI ' 74
MESSNER 74
BALDGCEOL 75
BUCHANAN 75
CHO 77
PE ACH 77

MA TR!
HBC
HBC
CC
CC
CC
HBC
HBC
OSPK
O5PK
AS PK
SP EC
OS PK
HBC
HL BC
ASPK
HBC
HBC
ASPK
ASPK
HL BC
SP EC
HBC
HBC

X ELEMENT S QUARED
AV=-7 6 +- 1 7
AV=-7 3 +- 1 6
A V=-5 5 +- 1 5
AV=-(7. 3 +.6 —.8}
AV=- (8 ~ 2 + ~ 9 -1 ~ 3)
A V=-8»6 +- 0 7
AT=-0 294 +- 018
AU=-0 204 +- .025
AT~-0 188 +- 020
AY=-0 ~ 858+- 015
AU~-0»278 +- 010
AT=-0 306 +-0 024

AT~- 0 277 +- ~ 018
AT=-0 ~ 31 +- .03

AT=-0 282 +- 01 1
AY»»- 0 ~ 9 17+- ~ 0 13

AU=-0 277 +- ~ 010

13 KOL ENERGY DEPENDENCE OF DALITZ PLOT

RELATED TEXT SECTION V I B.lg APPENDIX Ig AND HINI-REVIEW ON SLOPE
PARAMETERS IN THE CHARGED K SECTION QF THE DATA CARO LISTINGS ABOVE

6/77
6/77

3/71
3/71
3/71
3/71
3/71
3/71

10/69
3/71
3/71
1/79+
2/76
I/79~
1/73

11/72
11/72

2/76
l. /74

10/74
7/75

12/75
7/75

11/77
11/77
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Particle Data Group: Review of particle prope~ies S89

»ta Card Listings
For notation, see key at front of Listings.

Stable Particles

GT 0 Q QUADRATI C DEPENDENCE R EQU I RED BY SOME EXP ER IM ENTS ( S EE SECTIONS
GT0 Q HTO AND KTO BELOW) ~ CORRELATIONS PREVENT US FROM AVERAGING RESULTS
GTO Q OF F ITS NOT INCLUDING Gg Hg AND K TERMS.
GTO 8 BUCHANAN 70 RESULT REVISED BY BUCHANAN 75 TO INCLUDE RADIATIVE CQR. 2/76
GTO 8 AND TC USE HORE RELIABLE KL MOM. SPECT. OF ZND EXPT ~ (HAD 5AME BEAM) . 2/76
GT0 C 8 I S I 74 VALUE COME 5 FROM QUA ORAT IC F IT W I TH QUAD ~ TE RM CON Sl STENT 11/75
GT 0 C WI TH ZERO ~ GTO ERROR I S THUS LARGER T HAiN IF LINEAR FIT WER E USED 1 1/75
GT0 ~ ~ ~ ~ » ~ ~ ~ ~

GTO A VG 0 ~ 670 0 014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»6)
GTO STUDENT 0 ~ 6716 0 ~ 0100 AVERAGE USI NG STUDENT10 (H/1» 11) —S EE MAIN T EXT

( SE E IDEOGRAM BELOW )

LIEI&HTED AVERAGE = 0.670 + 0.014
ERROR SCALED BY 1.6

X IB = F-/F+ (DETERHINED FROM KHU3/KE3)
XI B THE KMU3/KE3 BRANCHING RATIO FIXES A RELATION SHIP BETWEEN XI ( 0)
XI B AND L+ ~ WE QUOTE THE AUTHORS XI (0) AND ASSOC I A'TED L+ BUT DC NOT
XI 8 AVER AGE BECAUSE THE L+ VALUES DIFFER ~ THE F I T RESULT AND SCALE
XI 8 FACTOR GI YEN IN THE NOTE QN KL3 F CRM FACTORS IN THE K+- SECTION OF
XI 8 THE CATA CARDS ARE NQT OBTAINED FROM THESE XI 8 VALUE S INSTEAD
XI B THEY ARE OBTAINED DIRECTLY FROM THE FITTED KMU3/KE3 RATIO (Rlo)
XI 8 389 +1 ~ 1 1«1 ADAIR 64 HBC 8Rg I+=0
XIB +0.66 0 ~ 9 1»3 LUERS 64 HBC BRg L+~0
XI 8 +0. 2 0 ~ 8 1.2 KULYUKI NA 68 CC BRg L+=0
XI B 569 +0 45 0 28 BE ILL I ERE 69 HLBC 8 R g I+=0
XI 8 E 1309 (-0 22 ) (0 ~ 30 ) EVANS 69 Hl BC 8 R p L+= 02+- 015
XI 8 3548 -0.5 0 ~ 5 BA SILE 70 QS PK BR L+= ~ 02
XI 8 6700 0 ~ 5 0 BRANDENBU 73 H()C BRy L+~ 019+-~ 013
XI 8 E1309 —0. CB 0 25 EVANS 73 HL BC BRg L+= ~ 02
X I 8 E EVANS 73 R EPLACES EVANS 69
XI B
XI 8 FIT DISCUSSED IN NOTE ON KL3 FCRH FACTORS IN K+- SECTION CF DATA CARDS .

1/74
1/74
1/74
2/76
2/76
2/76
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74

X IC = F-/F+ ( DETERMINED FROH '
MU POLARIZATION I N KMU3)

XIC THE HU POLARIZATION IS A. MEASURE -OF XI ( T) NO ASSUMPTIONS ON I+-
X IC NECE S SARY y T ( WEIGHTED BY S ENS IT I V ITY TO XI 0 ) SHDULD BE SPEC IF I ED
XI C IN L+ g XI ( 0) PARAME TE RIZATION THIS I S XI ( 0) FOR I+=0 DX I/DL=X I+I ~

XI C FOR RAD ~ CGRR» TO MUON POLAR IZAT ICiN IN ' KHU 3g SEE GIN SBERG 73
XIC T 2608 (-1» 2 } (0 ~ 5) AUE RBACH 66 OS PK POLAR I Z AT ICIN
XIC T 638 (-1 6) (0 ~ 5) ABRAMS 68 GSPK POLARIZAT ION
XIC L -I ~ 81 0 ~ 50 0 ~ 26 LONGC 69 CN TR PCl » T~ 3 ~ 3
XIC SZ 2H -0 ~ 385 0«105 SANDWEISS 73 CNTR POLY DXI/DL=-6
X IC H207K +0 ~ 178 0 ~ 105 CLARK 77 SPEC PCl sDXI/DL=+ ~ 68
XIC T T VALUE NQT GI VEN»
XIC L LGNGO 69 T=3 ~ 3 CALC» FROM DXI/DL=-6 ~ 0 ( TABLE 1) DIVIDED BY XI =-1 ~ 81
XIC S SAND WEI SS 73 I S FOR L+=0 AND Te 0
XI C H CLARK 77 7=+3 ~ 80' DXI/DL=XI (T) iI'T= ~ 178+3» 80=+ ~ 68
XIC ~ ~ ~ ~ ~ ~ ~ ~

XIC FIT DISCUSSED IN NOTE GN KL3 FORM FACTORS IN K+- SECTION CF DATA CARDS

2/72
8/67
5/69
1/74
1/74

11/77
1/74
1/74
1/74

11/77

HT0
HT0
HT0
HT0
HT0
HT0
HTO
HTO
HT0
HT0

KT0
KTO
KTO
KTO
KTO
KT0
KTO

JTO
JTO

0.55 0.60 0.65 0.70 0.75
TAU 0 SLOPE PARAMETER FOR KOL

77 HBC
77 HBC
74 ASPK

O. E}0

CHISQ
4, 7
0.2
0.5
5.4

(CONLEV
=0.0663

QUADRATIC CCEFF H FOR KL --& PI+ PI- PI 0 MATR I X ELEiMENT SQUARED
Q 29K (-0 ~ 011) (0 ~ 018) ALBRQW 70 ASPK
Q 4400 (0 043) (0 052) SMITH 70 OS PK

509K 0 ~ 079 0 007 HE SSNER 74 A SPK
6499 0 095 0 ~ 032 CHC 77 HBC
4709 0 ~ 048 0 ~ 036 PEACH 77 HBC

SEE NOTES IN S ECT ICN GTO ABOVE.
~ ~ ~ ~ » ~ ~ » ~

AVG 0.0786 0.0067 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1
STUDENT 0 ~ 0787 0.0073 AVERAGE USING STUDENT10(H/1 11) -- SEE MA

I/79+
I/79~
3/78
3/78
3/78
I /79~

~ 01
IN TEXT

QUADRATIC COEFF ~ K FOR
509K 0» 0097 0 ~ 0018
6499 0» 024 0 ~ 010
4709 -0»C08 0»0 12

~ ~ ~ ~ ~ ~ ~ » ~

AVG 0 0398 0 0018
STUDENT 0 ~ 0098 0 ~ 0019

KL --& PI+ P I- P lo MATRIX ELEMENT SQUARED
MESS NER 74 AS PK
CHC 77 HBC
PEAC H 77 H BC

3/78
3/78
3 /78

AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1 01
AVERAGE USING STUDENT10{ H/1 ~ 11)' —SEE MAIN TEXT

LINEAR CCEFF ~ J FOR KL ——& P I+ P I- P I 0 IS L I STED UNDER CP VIOLATION 1/79il'
PARAMETERS IN KOL DECAYS ~

PART OF XI (TEST OF T REVERSAL)
0 ~ 6 ABRAHS 68 CS PK P GLAR I Z AT I CN
0 ~ 08 LONGG 69 CN TR P GL T=3 ~ 3
0 ~ 045 SANDWEISS 73 CNTR PCL T=O
0 ~ 064 SANDWEI SS 73 CNTR POLe T=C
0 ~ 30 CLARK 77 SP EC PQL ~ T=0
0 ~ 026 SCHMI DT 79 CNTR POLAR I Z AT I CN

VALUE CORRECTED FROM VALUE QUOTED IN THEIR PAPER DUE
OF RE(XI) ~ SEE FTNCTE 4 OF SCHMIDT 79 ~

UE HAS ADDITIONAL XI 0 DE PE NDENC E +0 2 lit'R E{X I 0)»
~ ~ ~ ~

0» 021 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0 )
0 ~ 024 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN T

IXI
IX I
IX I
IXI
IX I
IX I
IX I
IX I 5
IXI 5
IX I C
IXI
IX I A VG
IX I STUD

IMAGINARY
-0 ~ 2
-0 ~ OZ
-0 060
-0«085

0 ~ 35
0. 012

SANOWEISS 73
TQ NE W VA LUE
CLARK 77 VAL

10/69
11/69

1/74
12/794
11/77
12/794
12/794
12/79+
11/77

2 ~ 2M
52 2M
C207K

-0 ~ 01.4
ENT -0 ~ 01 3 EXT

3/74
1/74
1/74
1/74

11/75
1 1/75
10/74

9/ 75
12/794
12 /794
3/71
3/71
1/74

11/75
12/79~
12/79~

L+M LAMBDA + ( LINEAR ENERGY DEPENDENCE OF F+ IN KFU3 DECAY)
I+M SEE ALSO THE CORRESPONDING ENTRIES AND NOTES IN SECTION XI A AND Lo
I+M FOR RAD ~ COR ~ OF KMU3 DP SEE GINSBURG, 70 AND BECHERRAWY 70
L+M C 16K (0»07 } (0 ~ 02) CHIEN 70 ASPK DP
L+M A9086 0 ~ 085 0.015 AL BROW 72 AS PK D P
L+M C 16K (0~ 11) (0 ~ 04) DALLY 72 ASPK DP
I+M D 82K 0 ~ 046 0»008 ALBR ECHT 74 WI RC D P
L+M D 82K (0» 076) ( 0 ~ 004) ALBRECHT 74 W I RE DP
L+M 1 6M 0 ~ 030 0 ~ 003 DONALD 52 74 SP EC DP
L+ M 3 2K 0 ~ 046 0 ~ 030 BUCHANAN 75 SPEC DP
L+M Z 129K (0» 0337) ( 0» 0033) DZHQRDZHA 77 SP EC D P
L+M 16K 0 ~ 028 0 011 HILL 79 5TRC DP
l+H C CHIEN 70 VALUE AND ERROR HAVE BEEN CHANGED FRCM 0 ~ 08 +- 0 01 TQ
I+M C INCLUDE SYSTEMAT IC EFFECTS ~ DALLY 72 IS A REANALYSIS OF CHIEN 70
I+M C SEE NOTE I N SECT ION XI A»
I+M D ALBR ECHT 74 F INDS TWC SGLUTIGNS. THE F I RST AGREES W ITH KE3 ~

I+M Z DZHCRDZHADZE 77 IS COMBINED ANALYSIS OF THE 82K ALBR ECHT 74 E YENTS
l+M Z AND 47K KE3 EVENTS OF BIRULEV 76 ~

L+ M ~ ~ ~ ~ »» ~ ~ ~

I+M F IT DI SCUSSED IN NOTE ON KL3 FORM FACTORS IN K+- SECT ICN OF DATA CARDS ~

13 KOL FCRM FACTORS

RELATED TEXT SECTION VI 8 ~ 2 AND MINI-REVIEW ON FORM FACTORS
IN THE CHARGED K SECTION OF THE DATA CARO LISTINGS ABOVE»

IN T I- E FORM FACTOR CCMMENTSe THE FOLLOWING ABBRE VIATIONS ARE USED
F+ AND F — ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT
FS AND FT REFER TO THE SCALAR AND TENSOR TERM ~

F0 = (F+) + (F-)+T/(MKit'&2-MP I+&2)
L+ p L- AND I 0 ARE THE LINEAR EXPANSI GN CQEFF S C F F+ w

F- AND Fo
L+ REFERS TC THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS ~

DXl/DL I S THE CORRELATION BETWEEN XI (0) AND L+ IN KMU3 ~

DLO/0 L+ IS THE CORRELATION BETWEEN Lo AND L+ IN KMU3»
T = MOMENTUH TRANSFER TO THE PI IN UNITS OF MP I+it'2 ~

DP = DALI TZ PLOT ANALYSIS
PI = PI SP ECTRUM ANALYSIS
liIU = MU S P ECT RUM ANALVS IS
POL= MU POLARI ZATI GN ANALYSI 5
BR = KMU3/KE3 BRANCHING RATIO ANALYSI 5
L = POS I T RCil OR ELECTRON SPECTRUM ANALYS I S
RC = RADIATIVE CORRECTIONS

XI A = F-/F+ (DETERMINED FROM SPECTRA)
XIA L1341 +1 2 (0 8) CARPENTER 66 CSPK DPg DXI/DL=-18
XIA B 3140 (-3 ~ 9) (0»4 ) BAS ILE 70 QSPK DPg INDEP OF L+
XIA C 16K (-0» 68) (0 12) ( 0 20) CHI EN 70 ASPK DPg DX I/DL=--26
X I A A9086 -1 ~ 5 0 ~ 7 ALBRCW 72 A SPK DP q DXI /DL=-28
XIA C 16K (+0 50) (0 61) DALLY 72 ASPK DPg DXI/DL UNKN
XIA P1385 -1 Oo (0 ~ 45) PEACH 73 HLBC DPw DX I/DL=-20
XI A 0 82K -O. 26 0»21 ALBRECHT 74 WIRE OPS DXI /DL~-24
XIA D 82K (-2 ~ 41) (0 ~ 17) AlBRECHT 74 WI RE DPg DXI/DL=-9 4
XI A El ~ 6M -0» 1 1 0 ~ 07 DONA( DS2 74 SPEC DPg DXI /DL=-17
XIA F 32K -0 25 0 ~ 22 BU CHANAN 75 SP EC DP y DXI /0 L«--5 ~ 9
XI A L CARPENTER 66 XI( 0} I S FOR I+=0 DXI/DL IS FRCM F IG «9»
XIA 8 BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS, AUTHORS SUGGEST
XI A B THAT EFF I C IENC Y ES TIHATES MI GHT BE RES PONS I Bl E ~

XI A A AL BROW 7Z FIT HAS L- FREEg GETS L-=- 030+- 060 CR LA M=+ 15+ 17-~ 11
XI A C CHIEN 70 ERRORS AR E STAT ISTICAL ONLY. DXI/DL FROM .F IG ~ 4 ~

XI A C CALL Y 72 I 5 A REANALYSI 5 OF CHI EN 70 ~ THE DALLY 72 RESULT IS
XI A C NCT COMPATIBLE WITH ASSUMPTION L-=0 SO NQT INCLUDED IN OUR FIT ~

XIA C THE NCN-ZERO L- VALUE AND THE RELATIVELY I ARGE L+ VALUE FOUND BY
XIA C DALL Y 72 CONE MAINLY FROM A SINGLE LOW T BIN (FIGS ~ 1 eZ) ~

XI A C THE ( F+p XI ) CORRELATION WAS 1GNORED ~

XI A C WE E STI HATE FRCH F IG ~ 2 THAT FIXING l-=0 WOULD GIVE XI {0)=-l 4+-0 ~ 3
XIA C AND WOULD AOD 10 TO CHI SQUARED DXI/DL IS NQT GI VEN
XI A 0 ALBRECHT 74 IS CALCULATED BY US FROM Log L+ AND DLO/DL+ ~ THEY FIND
XIA D TWO SCLUTI CNS ~ THE FIRST HAS L+=»046+- ~ 008 IN AGREEMENT WITH KE3 ~

X I A P PEACH 73 G I YES X I 0= —~ 95+- ~ 45 FOR L+=L-= ~ 025, THE ABOVE YALUE I S
XIA P FOR L-=0. K PEACHY PRIVATE COMMUNICATION(1974) ~

X I A E DONA L DSQNZ 74 GI VE S XI =- ~ 1 1+- 02 NOT I NC LUDI NG SYSTE MATI CS ABOVE
XIA E ERROR AND CXI/DL WERE CALCULATED BY US FROH Lo AND L+ ERRORS (WHICH
XI A E INCLUDE SYSTE'NATICS) AND DLO/DL+
XI A F BUCHANAN 75 IS CALCULA TED BY US FROtl Log L+ AND DLO/DL+ BECAUSE
XIA F THEI R APPENDIX 'A VAtUE —~ 20+-22 ASSUMES Xl(T) CONSTANTS I ~ E ~ L-=L+
XIA
XI A F IT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K+- SECTION GF DATA CARDS ~

1/74
1/74
1 /74.
1/74
1/74
1/74

11/75
11/75
11/75

2/76
1/74
1/74
1/74
1/74
1/74
1/74
2/76
1/74
1/74
1/74
1/74
1/74

11/75
3/74
1 /74
1/74

11/75
11/75
11/75
2/76
2/76

LAMBDA 0 (LINEAR ENERGY DEPENDENCE OF Fo IN KHU3 DECAY)
Lo WHEREVER POSSIBLES WE HAVE CONVERTED THE ABOVE VALUES OF XI (0) INTO
Lo VALUES OF Lo USING THE ASSOCIATED I +M AND DXI/DL
Lo L 1371 +0 ~ 08 (0, 07} CARPENTER 66 QS PK DPg DLO/DL+=-0. 54
Lo L -0 140 (0 043) ( 0 022)LONGO 69 CNTiR POL ~DLO/DL+=+ ~ 49
Lo B 3140 (-0 ~ 333) (0 ~ 034) BASILE 70 CS PK DPg DLO/DL+=+1 ~

. Lo A 9086 -0«043 0«052 ALB ROW 72 A S PK D P g DLO/ DL+=-1 39
'

LO C 16K (-0 067) (0»227 } DALLY 72 ASPK DPy DLO/DL+ UNKN ~

Lo R 6700 {+0 06) (0«03) BRA NDENBU 73 H BC BR g L+= ~ 019+- 013
Lo P 1385 -0 ~ 060 ( 0 ~ 038 ] PEAC(I 73 HLBC DPgDLO/DL+=-0 71
LO L 2.ZM -O. O18 {O. OO9 ) SANDWEISS 73 CNTR POLY DLO/DL+=+»49
Lo D 82K +0 ~ 024 0 ~ 011 ALBRECHT 74 WI RE 0 Pg DLO/ DL+=-1 06
Lo D 82K (-0 ~ 130) (0»014 } ALBRCCHT 74 WI RE DPg DLO/DL+~+0 20
Lo E 1 ~ 6M + C» 019 0»004 DONA LDS2 74 SPEC DPg DLO/DL+=-0 «47
Lo F 32K +0 025 0 ~ 019 BUCHANAN 75 SP EC DPyDLO/DL+=+0»5
LO L 207K +0 ~ 047 (0 ~ 009) CLARK 77 SP EC POL yDLO/DL+~1 06
LO Z 47K (+0«0485) ( 0 ~ 0076) . DZHQRDZHA 77 SPEC 0 P v DLO/DL+=-0 ~ 83
Lo 16K +0 ~ 039 0 010 HILL 79 STRC DPg DLO/DL+=-0 ~ 67
Lo L Lo VALUE I 5 FOR I+=0 ~ 03 CALCULATED BY US FROM X IO AND DX I/DL ~

Lo 8 BASILE 70 LO IS FOR L+=0 ~ CALCULATED BY US FROM XIA WITH DXI/DL=O ~

LO 8 BASI LE 70 IS INCOHPATI BLE WITH ALL OTHER RESULTS ~ AUTHORS SUGGEST
Lo 8 THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE ~

t.O A
'

ALBRCW 72 t 0 IS CALCULATED BY US FRGH X IAy L+ AND DXI /DL ~ THEY GI VE
Lo A Lo=- ~ 043+- ~ 039 FOR L-=0 ~ WE USE QUR LARGER CALCU LAT ED ERROR ~

Lo C DALLY 72 GIVES Fo 1 ~ 20+' ~ 35' Lo ~ 080+ ~ 272' L OPR IME «« ~ 006+ 045 '
Lo C BUT WITH A DIFFERENT DEFINITION OF Lo ~ GUR QUOTED LO IS HIS Lo/Fo
Lo C WE CANNOT CALCULATE TRUE I 0 ERROR WITHOUT HI S (LogFO) CORRELATI CNS
Lo C SEE ALSO NOTE C IN SECTION XIA ~

Lo P PEACH 73 ASSUMES 1+=0~ 025» CALCULATED BY US FROM XI 0 AND DXIO/DL+
Lo R F IT FOR Lo DOES NOT INCLUDE THIS VALUE BUT IN STEA D INCLUDE S THE
L0 R KMU3/KE3 RESULT FROM THI S EX PERI HENT
Lo D ALBRECHT 74 FINDS TWQ SCLUTIQNS THE FIRST HAS L+=, 046+- 008 I N

Lo D AGREEMENT WITH KE3 ~ DLO/DL+ OBTAINED FROM FIG 2C ~

Lo E DGNALDSGN2 74 OLO/DL+ OBTAINED FROH FIG 18~

Lo F BUCHANAN 75 VALUE IS FROM THEIR APPENDIX A AND USES ONLY KMU3 DATA
Lo F DLO/DL+ WA5 OBTAINED BY PRI VATE CGHMUNICATIONv C ~ BUCHANAN' 1976 ~

Lo Z DZHGRDZHADZE 77 IS COMBINED ANALYSIS GF THE 82K ALBRECHT 74 E VENTS
Lo Z AND 47K KE3. EVENTS GF BIRULEY 76
Lo ~ ~ ~ ~ ~ ~ » ~ ~

Lo FIT, DISCUSSES IN NOTE CN KL3 FORM FACTORS IN K+- SECTION OF DATA CARDS

1/74
1 /74
1/74
1/74
1/74
1/74
1/74
1/74

11/75
11/75
10/74
2/76

11/77
12/79~
12/794
1/74
1/74
1/74
1/74
1/74
1/74
1 /74
1/74
1/74
1/74
1/74
2 /76
2176

11/75
11/75
11/75

2/76
Z/76

12/794'
12/794
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S90 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

BOA + (LI
RAD CQR.

+0.07
+0 15
—0.01
+0 01
+0. 08
0.02

+0. 023
0.OZ3
0 ~ 05
0. 022
0.045
0 019
0. 040
0.02 70
0. 044
0.032
0.0312
0 025
0 ~ 03 48

L+E
L+ E
L+E
L+E
L+E
L+E
L+E
L+ E
{+E
L+E
L+E
L+ E
L+E
L+E
L+E
L+E
L+E
L+E
L+ E
L+E
L+E
L+E
L+E AVG
L+ E STUDENT

LAM
FOR

153
577
762
531
240

1000
4800

42K
1 6K.

1910
5600
1871
2171

25K
24K

- 48K
500K

12K
18K

~ ~ ~ 4 ~

0.0301
0 ~ 03 00

N KO E3 DECAY)
BECHERRAHY 70
HBC DPr NQ RC
OS PK DPg NQ RC
HBC DPg NO RC
HBC EpPIt NQ RC
F BC P I g USES RC
OSPK PI
OSPK DPg NQ RC
ASPK DPg USE( RC
ASPK DPy NQ RC
AS PK P I g USES RC
ASPK DPg USES RC
HBC P I TRANSV. g RC
QS PK DPg USES RC
SPEC DP
SPEC DPg USES RC
SPEC DPg USES RC
SP EC DPg USES RC
HBC DPw US ES RC
STRC DPg USES RC

3/74

8/67
8/67
8/67
8/67
5/69
3/68

12/71
6/71
1/73
9/73
1/74
7/74
7/75
7/75
1/78
1/77
7/79+
6/784'

DEP ENDENCE OF F+ I
E GINSBURG 67 AND

LUE RS 64
FISHER 65
F I RE STONE 67
KADYK 67

~ 08 LQHY 5 67
ARON SQN 68
BASI LE 68
BI SI 71
CHI EN 71
NEUHOFE R 72
AL BROW 73
BRANDENBU 73
WA NG 74
BLUMENTHA 75
BUCHA{{AN 75
8 I RULE V 76
GJ ESDAL 76
ENGLER 78
HILL 78

NEAR ENERGY
OF KE3 DP SE

~ 06.08
02.0 15
10

0.013
0 012
0.005
0 ~ 01
0.014
0.014
0.013
0 012
0 .0028
0.006
0.0042
0 ~ 0025
0 ~ 005
0 ~ 0044

~ o ~ s
0.0016 AVFRAGE {ERROR INCLUDES SCALE FACTOR QF 1 .2 )
0 ~ 0016 AVERAGE USING STUDENT10f H/I 11) —— SEE MAIN TEXT
( SEE IDEOGRAM BELOW )

lJEIGHTED {}VER}{GE= 0.0301 + 0.0016
ERROR SCALED BY 1.2

NIG1
RTHY
IGNI
OTTI

74 ASPK
73 CNTR
72 ASPK
69 OSPK

LIEIGHTED AVERAGE = 0 .319 + 0 .03B
ERROR SCALED BY 1.5

CHISQ
0.0
4.0
0.6

HILL 7B
ENGLER 7B
GJESDAL 76
BIRULEV 76
BUCHANAN 75
BLUt1ENTH{:{ 75
}Jt:}NG 74
BR{:}NDENBU 73

-ALBROR 73
NEUHOFER 72
CHIEN 71
BISI 71
B{:}SILE 6B
t=}RONSON
LO{JYS 67
Ki}DYK 67
FIRESTONE 67
FISHER 65

. LUERS 64

0.3—0.1 0.0 0.1 ' 0.2

LAMBDA FOR KE3 DECRY OF KOL

STRC
HBC
SPEC
SPEC
SPEC
SPEC
OSPK
HBC
{:}SPK
t-}SPK
{:}SPK
t:ISPK
OSPK
OSPK
FBC
HBC
HBC
OSPK
HBC

CHISQ
1.1
1 ~ 0
0.2
0.2
5 ~ 4
1.2
0.7
0.7
1.1
0.3
4.0
2.0
0.4
0.6

20.B
f CONLEV
=0.10B}

0.0 0.2 0.4 0.6 O. B 1.C}

CHARGE t {SYHVIETRY FOR KL --
& 0U PI NU

4. 7
{CONLEV
=0.0943

AL KOL
AL 8 10M
AL D IM
AL 10M
AL 600K
AL 7.7N
AL 40N
AL 4 ~ 1M
AL 33N
AL 15M
AL 34M
AL SEE
AL
AL AVG
AL STUD ENT

I NTQ { ( L+) —(
0. 246
0.57
0. 346
0 36
0 278
0. 318
0 60
0 ~ 333
0~ 313
0 ~ 341

F OQTNO TE S I
~ 0 ~ 0 ~ ~

0. 330
0 ~ 330

Al AND
CNTR
OSPK
CNTR
ASPK
AS PK
AS PK
C NTR
ASPK
AS PK
A S.PK

A2 } (P ERCENT)
KE3
K MU3
KE3
KE3
KNU3
K E3
KMU3
KMU3+KE 3
KMU3
KE3

L-) )/((L+)+(L-) ) (COMBINED
Oo 059 SAAL 69
0 17 PAC IOT TI 69
0.033 MARX 70
0 ~ 18 A SHF ORD 72
0 051 P ICC IQN I 72
0.038 F I TCH 73
0 14 MCCARTHY 73
0.050 WILLIAMS 73
0.029 GEWENIG1 740.018 Gf WENIG 1 74
N SECTIONS Al AND A2 ABOVE ~

2/71
1 /73
2/71
2/72
1/73

12/73
6/73

12/73
7/74
7/74
I/73

~ ~ ~

0 ~ 012
0 ~ 013

AVERAGE (ERROR INCLUDES SCALE FACTOR QF I .0 )
AVERAGE USING STUDENT10(H/le 1 1) -- SEE MAIN TEXT

13 PARAMETERS FQR KOL INTO 2P I DECAY
TEXT SECT IQN VI B ~ 3 0

FS
FS
FS
FS
FS
FS

FT
FT
FT
FT
FT
FT

F 5/F+

5600
25K
48K
18K

5600
25K
48K
18K

RATI O

0. 15
0 ~ 19
0 04
0.07
0.095

RAT I Q

1 0
1 ~ 0
0 23
0 34
0 ~ 40

OF S CALAR TQ F+
OR LFSS CL= ~ 68
OR L ES5 CL= ~ 95
OR LESS CL= ~ 68
OR LESS
QR LESS CL= ~ 95

OF T EN SQR TO F+
OR LESS CL= ~ 68
OR LES 5 CL= 95
OR LES S CL= ~ 68
OR LESS
OR LESS CL= ~ 95

CQUPL INGS FOR KE3 DECAY{ ABS VALUE)---—
KULYUKINA 67 CC
ALBRQW 73 ASPK
BLUMENTHA 75 5 P EC
BIRULEV 76 SPEC CL NQT GIVEN
HILL 78 STRC

COUP L IN GS FOR KE 3 DEC AY ( ABS ~ VAL'UE)----
KULYUKINA 67 CC
AL BROH 73 A SPK
BLUNENTHA .75 SP EC
BIRULEV 76 SPEC CL NQT GIVEN
HILL 78 STRC

10/69
9/73
7/ 75
1/78
6/7 84

10/69
9/73
7/75
1/78
6/78+

ETA+ — = A(KL TQ PI+PI- }/A(KS TO PI+PI —)
ETAOO = A(KL TQ PIOPIO)/A(KS TO PIOPIO)

THE FITTED VALUES OF ETA+- AND ETAOO GIVEN BELOH ARE THE RESULTS
OF A F I T TO E TA+- g ETAOO AND ETAOO/ ET A+- RESULTS ~ THE VALU ES L I ST ED
BELOW WHICH ARE NQT PARENTHES IZED ENTER THE FIT AS SHOWN THE
VALUES WHICH ARE PARENTHESI ZED AND BEAR THE FOOTNOTE X DQ NQT ENTER
THE FIT AS SHOHN ~ THESE EXPERIMENTS GI VE BRANCHING RATIOS AND ENTER
THE FIT VIA THE QUANTITY ACTUALLY MEASURED -- BRANCHING RATIOS
R9~ R20 AND R27 (ETA+-) AND R17 AND R19 (ETA00 } ~ THESE BRANCHING
RATIOS ARE COMBINED W ITH CURRENT NORMALIZATIQNS AND CURRENT KL AKD KS
MEAN LI VES TO OBTAIN PI PI RATES THE ETA+- AND ETA00 VALUES OBTAINED
FROM THCSE RATES ARE ENTERED BELOW WI TH THE NAME ' GKL/GKS' ~

13 CP VIOLATION PARAMETERS IN KOL DECAYS

RELA TED TEXT SECTION VI 8 3 AND MI NI —REVIEW BELOW

13 CHARGE ASYMMETRY IN TAU DECAYS

JTO COLFF OF TERM {Sl—52)/(MP IZ) IN t1ATR IX ELEMENT DEF INED AT BEGINNING
JT0 OF SECTION GTO ABOVE ~ SEE ALSO MINI REVIEW ON SLOPE PARAMETERS IN
JTO C HGD K SECT IQN AND TEXT 5 EC ~ VI 8 .1. THI S SEC TIQN RE PLAC ES CHARGE
JTO A SYMMETRY PARAMETER SECTION (A } IN THE 1978 AND EARL IER EDIT IQNS
JTO 238K 0. 001 0.004 BLANPIED 68
JTO 3N 0.0013 0 0009 SCR I BAND 70
JT0 4400 0 0 0. 017 St1ITH 70 QS PK
JTD 6499 0.001 0 ~ 011 CHQ 77
JTO 4709 —0 001 0 003 PEACH 77
JT0 '~ ~ ~ 0 ~ ~ ~ ~ 4

JTO AVG 0.00110 0.00084
JTO STUDENT 0.00111 0 00091

1/79+
1/79+
I/79~
I /79~
1/79&

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0}
A VE RAGE USING STUDENT10(H/1 11} -- S EE MAIN TEXT

13 CHARGE ASYMMETRY IN LE PTQNIC DECAYS (P ERCENT) ——--—
TFXT SECTION VI 8 ~ 3 C

SUCH A SYMNE TRY VIOLATES CP ~ IT I 5 RELATED TQ REAL (EPSILON) ~

( P ERC ENT)AZ KOL INTO {E+PI —NU) —( E—PI+NU) /(E+PI-NU)+( E-PI+NU]
AZ B 10N (0 224) (0 ~ 036} BENNETT 67 CN TR
A2 8 10M 0. 246 0 ~ 059 SAAL 69 CNTR
A2 1 OM 0.346 0.033 MARX 70 CNTR
AZ 600K 0 36 0 ~ 18 ASHFORD 72 ASPK
AZ 40M 0. 31 8 0 038 FI TCH 73 ASPK
A2 34M 0 ~ 341 0 ~ 0 18 GEWENIG1 74 A S PK
A2 B SAAL 69 IS A REANALYSI S OF BENNETT 67
AZ ~ 0 ~ ~ ~ ~ O ~ ~

A2 AVG 0 ~ 333 0 ~ 0 1 t AVERAGE '( ERROR INCLUDE 5 SCALE FACTOR OF 1 ~ 0)
A2 STUDENT 0. 334 0 016 AVERAGE USI NG STUDE NT10{H/1 el 1 ) —S EE MAIN TEXT

11/67
10/70
10/70

2/72
12/73
7/74

Al KOL INTO ( MU+PI —NU) —(MU-P I+NU)/ (NU+P I—NU )+(MU-P I+NU ) ( PERCENT)
Al 0 1M (0.403} {0.134) DQRFAN 67 OSPK DERIVED FROM R16 11/67
Al 0 1N 0 ~ 57 0 ~ 17 PAC I QTT I 69 0 SPK 1/73
Al 7. 7M 0. 278 0. 051 PI CCI QNI 72 AS PK 1/73
Al 4.1M 0.60 0 ~ 14 MCCARTHY 73 CN TR 6/73
Al 1 5N 0. 313 0 ~ 029 GEHENIG1 74 AS PK 7/74
AI 0 PACIOTTI 69 IS A REANALYSI S OF DORFAN 67 AND IS CORRECTED FOR I/73
AI 0 MU+ NU- RANGE DIFF ERENCE IN MC CARTHY 72 ~ 1/73
Al ~ ~ ~ ~ ~ ~ ~

Al AVG 0.319 0 ~ 038 AVERAGE ( ERROR INCL UDE S SCALE FACTOR QF 1 ~ 5)
Al STUDENT 0 316 0 027 AVERAGE USING STUDENT10(H/I ~ 11) -- SEE MAIN TEXT

{ SF. E IDEQGRAN BELOW )

EOS
EOS
EOS
EOS
EO5
EOS
EO5
EOS
EOS
E05
EOS
EOS
EOS
EOS
EO5
EOS
EOS
EOS
EOS
EDS
EOS
EOS
EOS
EOS
EO5
EOS
EO5
EO5
E00

E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+—
f+-
E+-
E+-
E+—
E+-
E+-
E+-
f+-

f+-
E+-
E+-

10/69
2/72

10/69
1 0/69
12/70
10/70
2/72

12/70
12 /71

8/76
12/79~

2/ 80

1 /77

2/72
2/72
2/72
2/72
2/72
Z/72
2/72

EXT
2/804
2/80+

E TA+- = A( KL TO PI+PI-) /A( KS TO P I+PI- ) UNITS 10&&-3
X 45 {1 95) (0 20) CHRISTENS 64 OSPK
X 54 (1 99) (0 16) GALBRA ITH 65 OSPK
X (1 92) (0 13) BA SI LE 66 OS PK
X (1.95) (0.04) BOTT-BODE 66 OS PK
X (2 00) (0 09) DE BOU ARD 67 OS PK
X (F 94) (0 08) FITCH 67 QSPK
AX (1 95 ) (0 03] GKL/GKS 71 RVUE E XPTS BEFORE 71
A AVERAGE OF ABOVE EXPERIMENTS ~ THE SE ARE f XCLUDED FROM T HE GKL/GKS,
A AVERAGEe ANO FIT VALUES BELOW SINCE THEY DQ NOT AGREE WITH MORE
A RECENT PRECISE AND IN PRINCIPLE SUPERIOR EXPERIMENTS ~

X 4200 (2 ~ Z3 } (0 05) NE SSNER 73 ASPK
2 ~ 30 0 «035 ' GEWENIG2 74 ASPK

X 2703 (2 ~ 25} (0 ~ 05) DEVOE 77 SPEC
2 ~ 27 0 12 CHRI STEZ 79 A SPK

X 2 ~ 254 0 029 GKL/GKS 78 RVUE BR EXP ~ AF TER 71
X SEE NOTE ABOVE REGARDING F ITTED VALUES OF ETA+- ANO fTAOO

~ ~ s ~ 0 ~ ~ ~ ~

AVG 2 273 0 022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1%0)
STUDENT 2 272 0 ~ 025 AVERAGE USING STUDE NT10(H/1 el 1 ) -- SEE MAIN
F IT 2 274 0 022 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

2/76
2/76
2/76
2/76
2/76
2/76
2/76
I /804
1 /804
1/804

11/75
3/74

11/77
12/794

2/78

TEXT
2/804

{fTAOO) &&2 = ( A( KL TQ ZPI0) /A( KS TO 2PIO) ) ++2 (UNITS 10++-6 )
X 0 {-2~ ) (7 0) BARTLE TT 68 OSPK
X 57 (4 ' 9) (1.2) BANN ER 69 0 5 PK
XR 133 ( 14~ 1) (3 4) CENCE 69 QS PK
XF 180 (13 ~ ) (4 ~ ) GA ILLA RD 69 OSPK
X 29 (4.08) {0 9) BARNIN 70 HLBC
X 30 (3 61} (1 9) BUDAGOV 70 HLBC

C, 8.7 3 ~ 7 CHQLLET 70 OSPK CU REG t 4 GAMMAS
XF 172 {9~9) (3 4) FAI SSNER 70 OSPK

C 56 7 ~ 4 2.0 WOLFF 71 OSPK C U REG y 4GANNAS
XR 150 {14. 1) (3 o4) REY 76 QS PK

5 43 0 ~ 84 CHRI STE1 79 ASPK
X 5el 1.0 GKL/GKS 78 RVUE BR SCALE FACTOR~1. 5

X Sf E NOTE ABOVE REGARDING F I TTED VALUES OF ETA+ AND ETAOOe
R CENCE 69 EVENTS ARE INCLUDED IN REY 76.
F FAI SSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69
C CHQLL ET 70 GIVES ETAOO= ( 1 23+-0 24) +{REGEN AMPL g 2GE V/C CU) /10000MB
C WOLFF 71 GIVES ETA00~ (1 13+-0 12 }&(REGEN AMPLg2GEV/C CU}/10000MB
C WE COMPUTE BOTH ETAOO&+2 VALUE S FOR ( REG EN AMPLER 2GEV/C CU ) =24+-2 MB ~

C THIS REGEN AMPL RESULTS FROM AVERAGING OVER FAI SSNER 69~
C EXTRAPOLATED USING OPTICAL MODEL CALCULTI CNS OF BQHM ET AL ~

C PL 278 594 ( 1968) AND THE DATA OF BALATS 71, (FROM H FAISSNE Rg
C PRI V ATE COMMUNICAT IGN)
F FAISSNER 70 CONTAINS SANE 2PI 0 EVENTS AS GAILLARD 69

~ ~ ~ ~ ~ ~ ~ ~ ~

A VG 5 ~ 58 0 ~ 60 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
STUDENT 5.56 0.66 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN T
FIT 5 ~ 41 0 38 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 1)
THI S F IT VAL UE CORRESPONDS TQ ETA00=2 ~ 325+-0 082
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

ER RAT I
ER 124
ER 167
ER C

ER C NOT
ER
ER AVG
ER STUDENT
ER F IT

8/72
8/7 2
2/804
2/804

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1+0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 el) 2/80+

Q OF ET A00 OV ER ETA+-
1 I 03 0 ~ 07 BANNER}. 72 OS PK
1 00 0.06 HOLDER 72 ASPK

(1 ~ 00 } (0 09) CHRI ST El 79 ASPK
INDEPENDENT OF E+ — AND EOS VALUES WHICH ARE INCLUDED IN F IT

~ ~ ~ . ~ ~ ~ ~ ~ ~l.013 0 ~ 046
1.013 0 ~ 049
1 ~ OZ 3 0+036

The above predictions can be compared with the

experimental values

, /TI
i

= 1.023 + 0.036

F+-
F+—
F+-
F+-
F+-
F+-
F+-
F+-
F-+-
F+—
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+—
F+-
F+—
F+-
F+-
F+-
F+—
F+-
F+-

F+-
F+—
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+—
F+-

Q

Q

O

0
C
N

C

8
F
J
D

P
G

H

PHASE OF ET A +- {DEGREES)
THE DEPENDENCE OF THE PHAS F ON THE KOL-KOS MASS DIFFERENCE
IS G I VEV FOR EACH EXPERIMENT IN THE COMMENTS BELOW' WHERE DM IS
(MASS DIFF /HBAR) IN UNITS 10++10 SEC-1 ~ WE HAVE E VALUATED THESE
liASS DEP ENDENC ES USING OUR APRI L 1 978 VALU Et DM=O ~ 53 t9+ 0 ~ 0022
TQ OBTAIN THE VALUES AND AVERAGE QUOTED BELOW WE ALSO GIVE ThE
REGENERATOR PHASE FR IN THE COMMENTS .BELOW ~

(45 ~ 0) ( 50 ~ 0} FI TCH 65 QSPK BE REGEN
{30~ 01 (45 ~ 0 ) F IR E STONE 66 H BC
( 70. 0) ( 21 ~ 0) BOTT —BODE 67 QS PK C REGEN
(25 ' 0} (35 0) MI SCHKE 67 QSPK C U REGE N

CLD E XP ERI MENTS WI TH L ARGF. ERRORS NQT INCLUDE 0 IN AV ERAGE
(51.0) ( 11 0) BEIVNETT2 68 CNTR C U REG ~ USES
34. 2 10 0 BENNETT 69 CNTR CU REGEN
45, 3 12.0 BOHM 69 OS PK V ACUUM REG EN
45 ~ 2 7 4 FA I SSNER 69 ASPK C U REGE N

40. 6 4+2 JEihlS EN 70 AS PK V ACUUM REGEN
37. 2 12 0 BALATS 71 QSPK CU REGEN
36 ~ 2 6 ~ 1 CARNEGI E 72 ASPK C U REGEN
46 ~ 5 1 6 GEWENIG2 74 ASPK VACUUM REGEN
45. 5 2 ~ 8 CARI THERS 75 SPEC, C REGEN
41 ' 7 3 ~ CHR ISTE2 79 AS PK

11/67
11/67
11/67
7/68
2/76
8/68
2171
2/71
2/71
2/71
9/71
1/73
3/74
7/75

12/79&

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1.0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN T

FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

AVG

STUDENT
F IT

EXT
2/804'

11/69
2/71
2/71
2/71

11/69
2/71
2/71
9/71
1/73
3174

ll/75

~ ~ ~ 0 ~ i ~ ~ ~

44 ~ 6 1 ~ 2
44 ~ 6 I ~ 4
44. 6 1 2

COMMENTS
N BENV ETT 69 IS A REEVALUATION OF BE}VNETTZ 68.
C BENNETT 69 USES MEASUREMENT QF (F+-)—(PHIF) OF ALFF-STEINBERGER 66C,BENN FTT 69 F+-= ( 34. 9+-10.0) + 69&{DM- ~ 545) DE G. FR= —49 ~ 9+-5 ~ 4 DEG ~

B BOHM 69 F+-= ( 41 0+-12 ~ 0) +479+( DM-. 5 26) DE G..
F FAI S SNER 69 ERROR ENLARGED TQ INCLUDE ER}(OR IN REGEN ERATQR P HASL ~

F FA I SSNER 69 F+-= ( 49.3+-7 ~ 4)+205&(DM- ~ 555} DEG FR=-42 ~ 7+-5 ~ 0 DEG
J JENSEN 70 F+-= {42.4+-4 ~ 0 }+576&{DM- 538) DEG
D - BALA TS 71 F+-= ( 39.0+-12 0)+198+(DM- 544) DEG
P CARNE GI E 72 F+— IS INS ENS ITI VE TO DM ~

G GE WE NIG2 74 F+-= (49 4+-1 0) +565&( DM-~540 } DEG
H CAR I THER 7 5 F+-= ( 45. 5+-2 8 )+ 224 (DM-. 5348) DE G ~ FR=-40 9+-2 6 0EG ~

{44.6 + l. 2)

(54. 5 + 5. 3)

-3
ReE; = {l.621 + 0.088) x l0

where Rer has been computed using the r clat. ion

2

and our current values of the charge asymmetry

parameter for leptonic KL decay 4 = (0.330 + 0. 012) -o

and the AS = -DQ amplitude (Rex, Imx) = (0.009+ 0.020,
-0.004 + 0.026) .

PHASE
F

C
W 56

FQQ
FOG
FQO
FOQ
FOG
FQO A VG
F(. Q STUDENT
FGO
FQQ
F( Q
Fno
FC:0 F IT

C CHQL
W WOLF

OF ETA 00 (OEG REES)
I RST QUADRANT PR EF ERRE0
51.0 30~0
38.0 25.0

GQBB I 69 OSPK 11/69
CHOLLET 70 QS PK CU REG ~ g 4 GAMMA S 10170
WQLFF 71 OSPK CU REG. g4 GAMMAS 12/71

~ ~

43 ~

43
55.

LET
F 71

~ ~

54.

~ ~ ~ ~ ~ ~

19.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0 )
3 20 ~ 7 AVERAGE USING STUDENT10(II/1 ~ 11) -- SEE MAIN TFXT
7 5.8 CHR I ST El 79 AS PK 12/79+
70 USES REGENERATOR PHASE FR=-46. 5+-4 4. OEG 1/73

USES REGENERATOR PHASE FR-"—48.2+-3. 5 DEG 1/73
~ ~ 0 ~ ~ ~

5 5 3 FROM F IT ( ERROR INCL UDE S SCALE FACTOR OF 1 ~ 0) 2/80+

PHASE DIFFERENCE F00 — F+- ( DEGREE S}
7 ~ 6 18~0 BARBI ELL I 73 ASPK

12 ~ 6) (6 ~ 2) CHRI STEI 79 AS PK
INDEPENDENT OF REGENERATOR MECHANI SM DM AND L IFETIMES ~

NOT I NDEPENDENT OF F+— AND FOO VALU(=S WHICH ARE INCLUDED IN FIT

DF
DF 8
DF C
DF 8
DF C

OF
OF F IT

7/73
2/804
7/73
2/804

~ 1 0 0 ~ 0 ~ 4 ~

9 ' 8 5 ~ 4 FROM F IT ( ERROR IN CL UDES SCAL E FACTOR QF 1 ~ 0) 2/80+

superweak Model predictions for lpoo/TI l, $ , and Ree

The superweak predictions are in agreement with

the data except for the measured value of (I} , wh' h

is two standard deviations above the prediction.
This results primarily from the recent CHRISTENSONl

79 measurement (I}00 = {55.7 + 5.8)

References

l. L. Nolfenstein, Phys. Lett. 13, 562 (1964).
2. T. D. Lee and L. Nolfenstein, Phys. Rev. 138B,

1490 (1965) .
In terms of the parameters defined in the text,

1 2Sec. VI B {d), the superweak model predicts that
/

[q„/q l

= l.

13 X = (DS=-DQ AMPI ITUDE) /(DS=+DQ AMPLITUDE)

tan RELATED TEXT SECTI ON VI 8 4

and
2 ) -1//2

25mT
Res=i@

l
l. +

The latter two expressions and the values of the

K — K mass di fference Bm = (0.5349 + 0.0022) & 100 0 10
L 'S

—l 0 -10sec , the K mean life T = (0.8923 + 0.0022) & 10
+ +sec, and the magnitude of the K + Ti Tt' /K ~ Tr vt

L S
amplitude ratio lq l

= (2. 274 + 0.022l && 10 , all
from the current edition, result in the predictions

(43.67 + 0.14)
and

REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
RFX
REX
REX
REX
RFX
REX
REX
REX
REX
REX
REX
REX
REX
RFX
REX
REX
REX
REX
REX
REX
REX

REAL PART OF
C 152 0.06

196 0 035
F 109 -0. 08

116 0.17
N 335 (0 17)
8 (0 ~ 03 )

12 j. 0. 09
8 -0 020

686 0.09
N 215 0. JZ

U 222 (0 ~ 04 )
252 0 25

U 410 0 03
126 0. 26

G 342 ( —0 ~ 13)
G 100 (0 ' 04)

G 442 -0. 05
1757 -0.008
1367 -0 ' 03
1079 -0 070
4.724 0 04

79 0 10
C BALDO-CE. 65 GI
F FRANZ INI 65 GI

N CHO 70 I S ANAL
u BURCUN 72 IS A

8 BENNETT 69 IS .

G S ECQND GRAHAM
G MANT S CH 72

~ ~ ~ ~ ~

AVG 0 009
STUDENT 0 008

X
0 ~ 18
0 11
0. 16
0ej6

(0&10)
(0 03)

0 07
0 ~ 025
0 ' 14
0 ~ 09

(0 ~ 07).07
0 06
0 ~ 10

(0% 1 I)
(0 10)

0 ~ 09
0 ~ 044
0 07
0 ~ 036
0 03
0 18

VES X AND
VES X AND
YSIS OF U

F INAL RE
A REANALY
72 VAL UE

44 BALDQ-CE 65
13 AU BERT 65
28 F R ANZ I NI 65
35 FELDMAN 67

HI LL 67
BENNETT1 68

0 09 JAMES 68
BENNETT 69

0. 16 L I TT ENBER 69
CHQ 70

(0 ~ 08 J BURGUN 71
~ 09 WEBB ER 71

0 ~ 06 BURG UN 72
0 14 MANN 72

MA NT SCH 72
(0 13} GRAHAM 72

GRAHAM 72
FACKLER 73
HART 73
MALLARY 73
NI EBERGA 74

0.19 SMITH 75
THETA ~ CONVERTED BY
THFTA. FOR REX AND

NAMBIGUOUS EVENTS I
SUL T WHICH INCLUDES
S IS QF BENNETTl 68 ~

IS FIRST GRAHAM 72

HL BC K+ CHARGE EXCHNG
HL BC K+ CHAR G E EXC HNG
HBC P BAR P
0SPK P I-P TO KO LMBDA
DBC K+D Y IELDS KOPP
CNTR
HBC P BAR P
CNTR C HAR ASYM+ CU RE
OSPK K+N TQ KOP
DBC K+D T G KOPP
HBC K+P TQ KOPPI+
HBC K-P 1 Q KBAR N

HBC K+P TQ KOP PI+
HBC K —P TO KOBAR N

OS PK KE3 FROM KO LM B
OSPK KMU3 FROM KO LMB
QS PK PI-P TO KO LMBDA
QSPK KE3 FROM KO
OSPK KE3 FROM K0 LMB
QSPK KE3 FROM KO LM +
ASPK K+P TQ KDPPI+
W I RE PI —P TO KO LMBDA
US TO REX AND IMX.

I M X SEE SCHMIDT 67 ~

N NEW DATA AND HILL 67 ~

BURGUN 71.
VALUE COMB INED WITH

11/67
11/67
11/67
11/67
11/67
7/68
5/69

10/69
4/69

10/70
2/7 2

10/69
1/73
9/72
2/72
2/72
2/72
9/73
2/74
6/73
7/74
8/76

11/67
11/67
10/70
ll/73
10/69
2/72
2/72

~ 0 ~

0 020 A YERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 4)
0 ~ 017 AVERAGE USING STUDENT 10(H/1 11) —— SEE MAIN TEXT
( SEE IDEOGRAM BFLQW )

ReF = (l.645 + 0.016) x 10

Rev. Mod. Phys. , Vol. 52, No. 2, Part Il, April 'l980



Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

IJEIGHTED AVERAGE = 0 .009 + 0 .020
ERROR SCALED BY 1.4

—0.4 0.0

SMITH 75
NIEBERGA 74

-MALLARY 73
. HART 73
FACKLER 73
GRAHAM 72
MANN 72

-BURGUN 72
. HEBBER 71
CHO 70
LITTENBER 69
BENNETT 69

-JAMES 6B
. FELDMAN 67
. FRANZINI 65
-AUBERT 65
aiicaa-cE i c

0 Q. B

AIRE
ASPK
OSPK
OSPK
OSPK
OSPK
HBC
HBC
HBC
DBC
OSPK
CNTR
HBC
OSPK
HBC
HLBC
HLBC

REAL PART OF X (DELTA S = -DELTA g AMP)

CHISQ

1.1
4 El

0.3
0.1
0.4

0.1
9.1
1.5
0.3
1.3
1.0

0.0

24. 6
(CONLEV
=0.017 j

CRI EGEE
F I RE STUN
F IRESTUN
FUJI I

FUJI
HAWKINS

AL SO

66
66
66
66

PRL 17 150
PRL 16 556
PRL 17 116
PRL 13 253

JO VANOVI
KULYUKI N

ME ISNERl
ME I SNER2
NEFK ENS
VE RHEY

BENNETT
BGTT-BOD
BOTT-BOD

ALSO
ALSO

CANT ER

CRUN IN 1
CR ON IN 2
DFBOUARD

ALSO
DEVLIN

ALSO

DORF AN

FELDMAN
FI RE STUN
F I TC H

HAHKI NS
HILL

I 66 I S THE CORRECTED
66 Pl 21 238
67 PR 156 1444

66
66
66
66
66
ee

67
67
67
66
be
67

67
67
67
e5
67
68

PRL 17 1075
BERKE LE Y 28

P RL 16 278
P RL 17 492
PL 19 706
pRL 17 6e9

PRL 19 993
PL 24 8 194
PL 248 438
PL 20 212
PL 23 277
T I-ES IS

PRL 18 25
PRINC CONF( 11/67 )
NC 52 A 662
PL 15 58
PRL 18 54
PR 169 1045

PRL 19
PR 155
PRL 18
PR 164
PR 156
PRL 19

987
1611

176
1711

1444
e68

67
67
67
67
67
67

+FOX r FRAUENF ELDER, HA NSONr MUSCA T+ ( I LL I NGI S)
F IRESTQNEt KIMtLACHtSANDHEISS+ ( YALE r BNL )

FIRESTONE t KI Mr LACH r SAND HEI SS+ (YALEr BNL)
FU J I I r JQVANGVICHt TURKQT t ZQRN & BN j+MAR YLAND)
YALUE GI VEN BY JGVANOVI CH+ 66
C J 8 HA WK INS ( YALE)
C J 8 HA WKI NS (Y AL E)

JOVANGVICHr FUJ I It TURKOTr ZQRN +(BNL+UMD+MIT)
KULYUKI NAr ME ST VI RI SH VI L I tNEAGU t PETR+ ( J INR)
G W MEISNERr 8 8 CRAWFORDtF CRAWFORD & LRL)
G MEISNERtB CRAWFORD& F CRAWFORD (LRL )

NEFKENStABASHI AN, ABRAMS tCARPENTER+ ( ILL)
VERHEYt NEFKENSt ABASHIAN+ ( ILL)

BE NV ETT, NYGREN ~ SAA L, STE INB E RGE R + ( COLUM BI A )
BOTT —BGDENHAUS EN t DEBOUARD, CASSEL + (CERN)
BOTT-BQDENHAUSENtDEBOUARDt DEKKERS+ (CERN)
BOTT-BGDENHAUSEN, DEBOUARDrCASSEL+ (CERN)
BOTT BQDENHAUSENr DEBOUARDr CASS EL+ (CERN)
J M. CANTER (CAR NEGI E)

+KUNZtRISKrWHEELER (PRINCETON)
+KUNZtRISKtWHEELER ( P RI NC E TON)
DEBOUARDt DEKKERst JORDANtMERMOD + (CERN )
DE BOUARDr DEKKERSt SCHARFF+ (CE RN+ORSA+MPIM)
DEVLINt SGLGMGNt SHEPARDt BEALL+ (PRIN+UMD}
SAYER t BEALLt DEVLIN t SHE PHARD+ (UMD+PPA+PRIN)

DGRF AN t E NSTRUM ~ RAY MONDt SCHW ART Z + ( Sl AC+LRL )
FELDMANtFRANKELr HIGHLANDt SLOAN

(PENN�}

F IRESTUNEt KIMt LACHt SANDWE ISSt+ '

( YALE t BNL)
FI TCH r RUTH t RUSst VERNON (PRINCETON)
C J 8 HAWKINS ( YALE)
HI LL t LUERSr RGBI NSONr CANTER+ ( BNLt CARNECIE )

3/68
3/68
3/68

11/67
11/67
5/69
4/69

10/70
2/72

10/69
1/73
9/72
2/7Z
2/72
2/72
9/73
2/74
6/73
7/74
8/76

11/67
11/67
3/68

10/70
11/73
2/72
2/72

REFERENCES FOR KOL

BARDGN
CRAHFURD
AST I ER
F I TCH
GG QD
NEAGU

ALSO

58 ANP 5 156
59 t& RL 2 361
61 A I X CC iVF 1 227
61 NC 22 1160
61 PR 124 1223
61 PRL 6 552
bl JETP i 3 1138

M BARDGN tK LANDF t L LFOE RMAN ( CQLUMBI A+BNl )
CRAHFURD r CREST I t DOUG LAS S t GQQD + (LRL )

A STI FR tBLA SKGVIC t RI VETr SI AUD + ( EPOL)
V F ITCHt P PIRQUEt R P ERK INS ( PR I NC ETON)
GQQD t MATSE 4 t MULLER, P I CC I CiNI t PQW FLL + ( I RL )
NBA GU, UKGNG Y, P E TROY, RQ S ANQVA, RUSAICGV ( J INR)
NYAG Ur UKC NUV t PET RGV t ROZ ANDY Ar RUS AKUV t J INR )

IMX IMiAG I NARY PART OF X ( ASSUMES M( Kl ) —f". (KS j FOSI TI VE —— SEE S13D )
IMX C 152 —0 ~ 44 0 ~ 32 0 ~ 19 BALDG —CE 65 HLBC K+ CHARGE EXCHNG
IMX 196 —0. 21 0 ~

' 1 0 ~ 15 AUBERT 65 HLBC K+ CHARGE EXCHNG
IIIX F 109 +0. 24 0 40 0 ~ 30 FRANZI NI 65 HBC PBAR P

IMX lib 0.0 0 ~ 25 FELDMAN 67 OSPK PI-P TQ KO I MBDA
IMX I'( 335 ( —0 ~ 23) (0 10) HI LL 67 DBC K+Q YIELDS KOPP
IMiX 121 +0. 22 0.37 0. 29 JAMES 68 HBC PBAR P
IMX 606 -0 ~ 11 - O. i0 0 ~ ll LITT ENBER 69 QSPK K+I TQ KGP
IMX N 215 —0 ~ 08 3 ~ 07 CHO, 70 DBC K+D TU KOPP
I IX U 222 (0 ~ 12 ) (0 .08 ) (0 ~ 09) BURGUN 71 HBC K+P TQ KOPPI t.
IMX 252 0. 3 +08 WEBBER 71 HBC K —P TG KBAR N

IMX U 410 0 ~ 07 0 «06 0. 07 BURG UI" 72 HBC K+P TO KOPPI+
IM X 126 0. 21 0 ~ 15 0 ~ 12 MANN 7Z HBC K-P TO KOBAR N

IMX G 342 &
—0.04} (0 ~ 16) MANTSCH 72 GSPK KE3 FROM KO LMB

IMX G 100 (0 12 ) ( 0 a17 ) ( 0 16) GRAHAf& 72 OSPK KMU3 FROM K0 LMB
IMX G, 442 0 05 0 ~ 13 GRAHAM 72 GS PK P I —P TQ KO LMBDA
IMX 1757 -0.017 0.060 FACKLER 73 OSPK KE3 FROM KO
I 1X 1367 0. 09 0.07 HART 73 OS PK K j3 FROM K 0 LMB
IMX 1079 0. 107 3.392 0. 074 MALLARY 73 OSPK KE3 FROM KO LM +
IMX 4724 —0. 06 0 ~ 05 NIEBERGA 74 ASPK K+P TQ KOPPI+
IMX 79 —3. 10 0.16 0.19 SMITH 75 WI RE P I—P TQ KO LMBDA
IMX C BALDO-CE 65 GIVES X AND THETA CONVERTED BY Us TQ REX AND IMX
IMiX F FRANZINI 65 GI YES X AND THETA ~ FOR REX AND I 1X SEE SCHMIDT 67 ~

IMX N FTNOTE 10 UF HI Lj 67 SHOULD READ +0 ~ 58t NUT —0.58 & PRIV. COMM. ) .
IMX N CMQ 70 I S ANALYS IS OF UNAMBIGUOUS EVENTS IN NFW DATA AND HILL 67.
IMiX U BURG'JN 72 I S A F I NAL RESULT WHICH I NCLUDES BURGUN 71 .
IMX G S ECUND GRA HAI&I 72 VALUE I S FI RST GRAHAM 72 VALUE COMB INED WI f M

I M X G iMiANT SCH 7 2.
IMi X a ~ ~ ~ ~ ~ ~ ~ ~

IMX AVG —0.004 3 ~ 326 AVERAGE (ERROR INCLUDES SCALE FACTOR Uf: l. 1)
IMX STUDENT —0 ~ 005 0.027 A VE RAGF. USI NG STUDE NT10 (H/1 11 } —— S F E MA IN TEXT

I'OPKI NS
KADYK
KU LYUK I N

LGWY S
MI SCHKE
NE FKENS
TODD RQ FF

ABRAMS
ARNUL D

ARCNSGN
AL SO

BALAT Z

BARILETT

BA SILE
BASIL E2
8 ENiV ETT1
BE NNETT 2
BL ANP I ED

BUDAGQV
ALSO

CARNEGI E
JAMES

ALSO
KUL YUK IN
KUNZ
ME LHGP
THATCHER

BANNER
ALSO
ALSO

BE ILL IER
B E Nfl ETT
BQHM

ALSO

BG TT- BGD
CENC E
E'VAN S
FA ISSNER
FOETH

67
67
67
67
67
67
67

68
68
68
69
68
68

68
68
68
68
68
68
68

68
68
68
68
68
68
68

69
68
68
69
69
e9
68

69
69
69
69
69

PRL 19 185
PRL 19 597

PREPR INT
PL 248 75
P RL 18 138
PR 157, 1Z33

THE SI S

P R 1 76 1603
PL 288 56
PRL 20 287
PR 175 1708
PL 268 320
PRL 21 558

PL 26 8 542
Pl 288 58
PL 278 244
PL 27B 248
P RL 21 1650
NC 57A 182
PL 28B 215

PRI NC TR44. THE S
NP BB 365
PRL 21 257
JETP 26 20
THES IS (PU 46)
PR 172 1613
PR 174 1674

PR 188 2033
PRL 21 1103
PRL 2 j. 1107
PL 30B 232
PL 298 317

89 605
PL 278 321

CERN 69—7 329
P RL 22 1210
PRL 23 427
PL 30B 204
PL 30B 282

HOPKINSr BACONr EISLER ( BNL)
KADYKrCMANrDRIJARDtORENtSHELDUN ( LRL)
KULYUK INA+ME STVIRI SHVI I I+NEAGU + ( J INR)
LQ'WYSr AUBERT t CHOUNET r PASCAU 0+ ( EPGL r URSA )
MI SCHKE t ABASHI AN t ABRAMS+ ( ILLINOIS )
+ABASHIANt ABRAMSt CARP ENTERt FIS HER+ ( ILL )
JOHN A TUDOROFF ( ILL INUIS )

+ABASHIANt MiISCHKEt NEFKENSr SMIT M+ ( ILL INOIS )
ARNOLD t BUDAGGV t C UNDY t AU BERT+ (CERN+OR SAY )
S ~ H ~ ARGNSGNt K ~ H ~ CHEN ( P R I NC E TON )
S H ARGNSONr K H CME N ( PRI NC ETON )
BALATZr BEREZ INt VI SHNE VSKYtGALANI NA+ ( I TEP)
BARTLETTtCARNEGIEtFITCH+ (PRINCETON )

+CRDNI N t l. I U r PI LCHER
BANNER t CRONINt LI Ur PI LCMER
BANNER CRQNINr LIUt PILCHER
BE I LLIFRE BGUTANG LI MON
+N YGR EN t SAAL t STE I NBE RGE R~
+DARR I JJLAT G RUSS Q K AFT ANOV+
BGHM t DARRI ULAT ~ GROSSO t KAF TANQV

(PRINCETON )
( PRI NC ETON )
(PRINCETON)

(E POL }
(COLUr BNL)

( CERiN )
(CERN)

BOTT-BQDENHAUSEN t DE BOU ARDr CAS SF L+ (CERN )
CENC Et JUNE S, PETERSON t STENGER+ (HAWAI I t LRL)
EVANSrGQLDENtMUIRt PEACH+ (EDINBURGHr CERN)
+FOETHt STAUDEr TITTEL+ (AACHtCERNt TLRI )

+HQLDFRt RADERMACHER + (AACMEN t CERNt TURING)

BASILEt CRCNINt THEVENETt TURLAY+ ( SACLAY)
+CRONI Nr THEVENET, TURLAY t ZYL BERAJCH+(S ACLAY )
BENNETTt NYGRENt STEINBERGER+ (COLUMBIA+CERN)
BENNETT t NYGRENr STE INBERGER+ (COLUMBIA+CERN )
BLANPI ED r LE VI Tr ENGELS+ (CASE+MARV+MCGI )

BUDAGOVr BIJRME I STERt CUNDY+ (CERN tGRSA r IPNP )
+CUNDYtMYATTrNEZRICK+ (CERNt GRSAr EPOL }

R ~ K ~ CARNEGIE (PRINCETON )
F JAME St H BRI AND ( I PNP t CERN }
HELL ANDr LGNGGr YOUNG ( UCLA t MICH )

KULYUKI NA t ME ST VI RI SHVI L I t NEAGU+ & JINR)
P F KUNZ ( PRI NC E TON)
MELHOP MURTY BOWLESt BURNETT+ (LA JULLA)
THATCHER r ABA SHI AN r ABRAM St CARPENTER + ( ILL )

ADAI R
AL EKSANY

ALSO
AN I IC I NA

CHR I ST EN

FUJI I
LUERS

64 PL 12 67
64 DUBN A 2 102
64 J ETP 19 1019
64 JETP 19 42
64 PRL 13 138
64 DURNA 2 146
64 PP, 133 B 1276

ANIKI NA
Af'( DE RSCN
ASTBURY1

ALSO
ASTBUPY2
ASTBURY3

65 J I NR P 2488
65 P RL 14 475
65 PL 16 80
65 I-'ELV ~PM AC ~ 39 523
65 PL 18 175
65 PL 18 178

AUBERT
Al SU

BA LDC-C E
CHRISTEN
F I SHER
FI TCM

65 PL 17 59
67 LUWYS
65 NC 38 684
65 PR 140 8 74
65 ANL 71 30 83
65 PRL 15 73

FRANZINI
GALBRAIT
GU IDUN I
I;G PIC I Ns
V I SMNE VS

65 PR 143 8 127
65 PRL 14 383
65 ARGQNNE CONF 49
65 ARGUNNE CONF 67
65 PL 18 339

66 PL 21 595
66 SJNP 2 339
66 PRL 17 980
66 P R 14'9 1 052
65 Plkj 14 19Z
66 NC 45 A 733
66 BAL ATQN CGNF

ALFF —STE
AN IK INA
AU ERBACM
AUERBACH

ALSO
BA LDG-C E

BAS IL F

BEHR
BELLGTT I
BUTT —BOD
CAMFRIN I
CA NTE R
CARP ENT E
CHANG

bb PL 22 540
66 ILI C 45 A 737
66 PL 23 277
66 PR 150 1148
66 P RL 17 942
6e pR 142 871
66 PL 23 702

CA ftEP INI 62 PR 128 362
DARMCN 62 PL 3 57

CAME RINI t FRYt GAI DOst 8 IRGEr ELY + ( WI SC+ LRI )

J DARMCNtA RUUSSET t J SIX (EPQL }

AUBERTr BEHRr CANAVAN, CHQUNET+ (EPOL+ORSAY)

BALDG —CEDL IN CAL IMANI C IAMPOL ILLO + ( PADG)
CHRI STENSGNtCRQNINtFITCHt TURLAY &PRINCFTUN)
FISHER, ABASHI AN t ABRAMS, CARPENTER4 ( ILL)
FITCHt ROT Ht RUSSr VERNON (PRINCFTGN)

FRAN7. INI K IR SCHt PLANQ + (COLUMBIA+RUTGERS}
GALBRAITH MANNING JONES + . (AERE+BRIS~RI-Ej )
+BAPNESr FUELSCHE, FERBEL,FIRESTQ+ (BNL+YALE)
H W K HUPK INSt BACONt EISLER ( VAND+RUTGFRS)
YI SHNEYSKYtGALANINA, SEMENGV + ~ ( ITEP )

ALFF —STEINBEPGERt HEUER, RUBBIA +
ANI KI NA t VARDENGA t ZHURAVLEVA+
AUERBACHt MANNt MCFARL ANE r SC IULL I
AUERBACH DOBBS l. ANDE, MANN SCIULLI+
+L ANGE t MANN t SC IUL L I t UTO r WHI TE t YUUNC&

BALDO—CEQI I N tC AL I MANI t C I AMPQL ILLG+
BASILE tCRGNINt TMEYENET +

(CERN }
( J INR}
( PENN)
&PENN)
( PENN)

(PADUA)
SAC LAY }

+BRI SSGNtBALDG —CEOLI Nt AUBFRT+ (PADQr EPQL)
BELLOTTI t P ULLIAt BALDO-CEOLIN+ (MI LANt PADUA)
BOTT —BUDENHAUS ENr DE BGU ARDt CAS SEL+ ( C EPN )
CAMERINI rCLI NE tE NGLI SHt FI SCHBE IN+'Wl SCQNSIN
+CHOr ENGLERt FISK r HILL + ( CARNEG I E+BNL )
CARPENTERtABASHANr ABRAMst FI SHER ( ILLINOIS }
CHANGr BASSANOr KIKUCHIt DODD+ ( SYRACUSEr BNL)

R K ADAIRr L 8 jf- I I'UNER ( YALE+BNL )
ALEK SANYANr A LIKHANYA Nt VARTAZARYAN+ ( EREVAN }
Al FK SANYAN+ ( l. EB EDEV+i4IGS ENG PHYS+ERE VAN)
ANIKINAr ZHURAVLEVA+ &GEORG ACAD SCI+ DUBNA )

CHR I STE NSGN t CRO'I IN t F I TCHt TURLAY (PRI NCETON}
F'J JI It JGVANCV I CHt TURKDT+ ( BNL t MARYLAND t MI T)
LUER S t MI TTRA t WILL I St YAMAMOTU ( BNL)

ANIKINA, YARDENGA, ZHURAVLEVA, KUTLYA+ ( DUBNA }
ANDE RSC'N CRAWFORD GOLDEN STERN + ( LRL+WI SC)
ASTBURYt FINUCCHIARGt BEUSCH + (CERN+ZURICH)
M PEPIN
ASTBURYr MICHEL INI t BEUSC H + (CERN+7 LIR ICH }
ASTBURY t MICHELINI t BEUSCM + (CERN+ZUR ICH)

GAIL LARD
AL SO

GQBB I
LITTENBE
LCt NGO
PAC I OTT I
SAAL

ALBROH
ARCNSON
BARfif I N

BA SI LE
BUCHANAN

ALSO

BUUAGQV
ALSO

CHI EN
ALSO

CHO
ALSO

CHOLI ET
CUI LEN
DARR I ULA
FA ISSNER
JE NSE N

ALSO

MARX
ALSO

SC RI BANG
SMITH
HE BBER

ALSO

BA LATS
BARM IN
8 I SI
BURGUN
CARNEGIE
CHAN

CHIEN
ALSO

69
67
b9
69
69
69
69

+GAL BRAITH, HUSSRI, JANE+ (CERN tRHELt AACHEN)
+KRI ENENtGALBRAITI'it HUSS RI+ (CERN+RHEL+AACH)
+GREEN t HAKEL t MiUF F F TT t RQ SEN t GGZ+ (RGCH+RUTG)
LITTENBERGr FIELDt P ICC IQNIr MEHLHOP+ (UCSD)
M J LQNGQt K K YGUNGt J A HELLANO ( MICHt UCLA)
M A PACIOTT I ( LRL)
H J SAAL ( CUL UM 8 I A )

NC 59 A 453
PRL 18 23
PRL 22 685
PRL 22 654
PR 181 1808
THES IS t UCRL 19446
THESIS

70
70
70
70

+ASTCN BARBER BIRD ELLISON + &MCHS+DARE)
+EHRLI CHr HOF ERt JENSEN+ (EFIt ILLCt Sl AC)
+BAR YLON t BUR I SQV t 8 YSHE VA+ (I TEPr J INR)
+CRQNI Nt THEVENT r TURLAYt ZYLBERAJCH + ( SACL )

PL 33B 516
P RL 25 1057
PL 338 377
PP. D2 78

70 Pl 338 623 +DRICKEYtRUDNICKr SHE PARD+ ( S LACt JHUt UCLA)
PRI YATE CCMMUNICAT IONr B. CGXr FEB. 71

PR 02 815
PL 28B 215
Pj 338 6Z7

70
68
70

+CUNDY MYATT NEZRICK+ (CF RN URSA EPQL)
+CUNDY tMYATT tNEZRICK+ (CE RNt ORSAt EPOI )
C-Y ~ CHIENtCQXt ETTLI NGER + ( JHU+SLAC+UCLA)

8 ~ COXr FEB. 71.
+DRA LL E t CA NT ERt E NGLE Rt F I SK+ ( C ARN t BNL t CAS E )
HILL tLUERS tRUB INSONt SAKITT + ( BNL, CARN)

PRI V AT E COMMUN ICAT ION
70 PR Dl 3031
67 PRL 19 668

70
70
70
70
70
69

PL 318 658
PL 328 523
PL 33B 249
NC 70A 57
THE SI S
PRL 23 615

PL 328 219
THES IS r NEVIS 179
PL 328 224
PL 328 133
PR Dl 1967
VCR L 1 9226 THE SI S

+GAILLARDt JANE tRATCLIFFEt REPELLIN + (CERN)
+DARRIULATr DEUTSCHt FGETH + (AACHt CERNr TURI )
+FERRFRQtGROSSGt HOLDER + (AACHt CERNt TCRI )
+RE I THLER t THGME t GA ILLARD+ (AACH tCERNt RMEL)
D. A. JENSEN (EFI)
JENSENtARONSUNtFHRLICHt FRYBERGEP+ (EFI t ILj)
+NYGRENt PEUPLESt STEI NBE PGE+ (CQLIJt HARV, CERN)
JAY MARX (COLUM BI A l
+MANNELLI PIERAZZINI, MARX+ (PISA, COLU, MARV)
+WANG WHATLEY ZORN HURNBOSTEL (UMD BNL)
+SQLMITZt CRAWFQRDt ALSTON —GARNJQST ( LRL)
8 R WEBBER (LRL )

70
70
70
70
70
69

71
71
71
71
71
71

SJNP 13 53
Pj 358 604
PL 36B 533
LNC 2 1169
PR D4 1
L BL-3 50 THE SI S

PL 350 ?61
CALLY

+BEREZ IN t VI SHNEYS KI I t GALANINA+ ( ITEP )
+BARYON UVtVESE& GVSKYrDAVIDENKO+ ( ITEP)
+DARRIULATt FERRERQt RUBB IA+ (AACHt CERNr TURI )
+LESQUGYt MULLERt PAULI+ (SACL+CERN+GSLO)
+C EST ERt F ITCHt STROVI NK t SULAK ( PRIN)J.HIQNG-SING CHAN (LBL )

+COX, ETTI ING ER, R ESVANI S+ ( J MU, S LAC, UCLA)71
72
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles
KL, D+

CHO
CL ARK

ALSO
ALSO
ALSO

ENSTRGhl
ALSO

HI Ll
JAMES
ME ISNER
PEACH

RE PELLI N

HEBBER
ALSO
ALSO

WOLF F

AL BROW
ASHFORD
BANNER 1

' BANNER2
BARNiI Nl
BARf'( I N2
BURGUN
CARf'4CGIE

71
71
70
71
74

71
70
71
71
71
71

71
71
68
69
71

72
72
72
72
72
72
72
72

PR D3 1557
PRL 26 1667
UCRL I 9739-THES IS
UCRL 2 0264- THE SI S
SL A C-P UB- 1 498

PR 04 2629
THESIS (SLAG 125)
PR 04 7
PL 358 265
PR 03 59
PL 3 58 351

P L 368 603
PR D3 64
PRL 21 498
UCRL 19266- THE SI S
PL 368 517

NP 844 1
PL 388 47
PRL 28 1597
P RL 29 237
SJNP 15 636
SJNP 15 638
NP 850 194
PR 06 2335

+DRALL Eg CANT ERg ENGLE Rg F I SK+ ( CARNy BNLg CASE )
+E LI QFF g F I ELOg FR ISCHt JOHNS QNy K ERTH+ (LRL )
ROLLAND JOHNSON ( LRL)
HENRY FR ISCH {LRL )
R.C. F IELD (SLAG]

+AKA VI Ag COOM BES g DORFAN+ (SLACy STAN )
J E ENSTRGM ( STANF GRD)
+SAKITT t SKJEGGESTADg CAhlTER+ ( BNI g CARNt CASE )
+NQNTANETg PAULgPAULI+ (C E RN+ SAC L+Q5LO)
+MAf'! Ng HERT ZBACHy KOFL ER + ( M ASA+BNL+ YALE )
+EVANSyMUIRg BUDAGOVr HOPKINS+ (EDINg CERN)

+WOLFF t CHQ( LETg GAILL ARDy JANE+ (QRSAg CERN )
+SQLMI TZ gCRAWFORD y ALSTGN-GARNJQST (LRL )
WEBBERr SOL lITZy CRAWFORDgALSTQNGARNJQST( LRL)
8 R HEBBER ( LRL)
+C HOLL ET gREPELL I Nr GA I LLARD+ (GRSAy C ERN)

+ASTON t BARBERg BIRD g E LL I SON+ (MCH S+DARE)
+BROWN MAS EK MAUNG MILL ER RUDERMAN+ f UCSD )
+CRGNINgHOFFMANt KNAPPt SHOCHET (PRINCETON)
+CRONINr HOFFMANt KNAPP t SHQCHET (PRI NCE TON)
+DAVIDENKQt DEMI DOVg DQLGGLENKO+ ( ITEP }
+BARYLOVg DAYIDENKOg DEMI DOV+ ( I TEP)
+l ESQUCYy MULLERg PAUL Ig+ (SACL+CERhl+QSLO)
+CE STER g Fj TCHt STROVI NKg SULAK (PRINCETON }

PAPERS NOT REFERRED TO IN DATA CARDS

AL EXANDE 62
JOVANQYI 63
STERN 64
BEHR 65
ME ST VI RI 65
TRILL ING 65

UPDATED

GINS BERG 67
RUBBIA 67

ALSO 1 66
ALSO 2 66
ALSO 3 66

SCHMIDT 67

PRL 9 69
8NL CG NF 42
P RL 12 459
ARGONNE CONF 59
J I NR P 2449
UCRL 16473
F ROM 1 965 AR GONNE

P R 162 1570
PL 248 531
PL 20 207
PL 21 595
PL 23 167
NEVIS 160(THES IS )

CRON IN
BFCHERRA
GINSBERG
HEUSS E
GINSBERG
KLEI NKNE

68 V IENNA CONF
70 P R 01 1452
70' PR Dl 229
70 LNC 3 449
73 PR DB 3887
76 ARNS 26 1

P ~ 281 CRONIN y RAPPORTE URS TALK
T BECHERRAWY
E 5 GI NSBERG
+AUB ERT t PA SCAUD ~ VIAL LE
E S GI NSBERG y J SMITH
K KLE I NKNECHT

(PRINCETON)
(RQCH)

(I IT HAIFA}
(GRSAY)

{MIT+STQN )
( DCRT)

G ALEXANDERg S ALMEIDAgF CRAWFORD ( LRL)
JGVANGYICy FISCHERy BURR IS + ( BNL+MARYLAND)
STERN tBI NFGRDt LI NDt ANDE RSON + I WISC+LRL )
BEHR g BR I SSQN gBELLOTTI+ (EPQLt MILAt PADO)
M ESTY I RISHV I L I y NYAGU r P ETROV t RU SAKGV+ ( J I NR)
GEORGE H TRI LLI NG (LRL)
CONF t PAG E 115

EDWARD S G I NSBERG {U~ MASS BQSTOhf)
C ~ RUBBIAg J ~ STEINBERGER ( CER N+C GLU)
ALFF-STEINBERGERrHEUERr KLEINKNECHT+ (CERN)
ALFF —STE INBERGERg HEUER y Kl E INKNECHT+ (CERN)
C, RUBBI At J ~ STEINBERGER ( C ERN+CQL U )
P. SCHMI DT {COLUMBIA)

DALLY
ALSO
ALSC

GR AHAM

HGLDER
JAMES
KRENZ

72
70
71
72
72
72
72

MANN

MANTSCH
ME TCALF
NEUHGFER
P I CC ICN I

ALSO
VCS BU RGH

ALSC

72
72
72
72
72
74
72
71

AL BROW
AL EXANDE
AN IK I NA

BARB I ELL
BRANDENB
CAR I THER

ALSO
EVANS

ALSC

73
73
73
73
73
73
73
73
69

73
73
72
73
73
70

MC CART HY

ALSG
AL SG

l ESSNER
PEACH
SA NDHE I S
WI l L I AMS

73
72
71
73
73
73
73

AL BR EC'HT
BI SI
BOB ISUT
D{ NALD51

ALSO
ALSO

DQNALDS2
ALSO

DC NAL DS3
ALSG

74
74
74
74
74
76
74
73
74
76

FACKLER
F I TCH

ALSO
HART
MA LL ARY

ALSO

PL 418 647
CHI EN

CHIEN
NC 9A 166
PL 408 141
NP 849 1
LNC 4 213

PR D6 137
NC 9A 160
PL 408 703
PL 4 18 642
PRL 29 1412
P R D9 2939
PR 06 1834
PRL 26 866

NP 858 22
NP 865 301

Pl-7539 CD fif J INR
P L 438 529
PR D8 1978
PRL 31 1025
PRL 30 1336
PR 07 36
PRL 23 427

PRL 31 847
PRL 31 1 524.
COG —3072—13
NP 866 317
P R D7 1953
PRL 25 1214

PR D7 687
PL 428 291
Tl:ES IS LBL-550
PRL 30 876
PL 438 441
PRL 30 1302
PRL 31 1521

PL 48B 393
P L 508 504
LNC 11 646
PRL 33 554
DGNAL D SON 3
DON AL D SON

PR D9 2963
PRL 31 337
5 LAC 1 84 —THES I 5
DONALD SQN

+I NNOC ENTI t S EPP I t CHI ENg CQX+ (S LAC+JHU+UCLA )

+A BA SH I AN t JQ NE S t MANT SGH g ORR+ ( I L L+N EAS )
+RADERMACHERg STAUDE+ (AACH+CERN+TCRI )
+MONTANETy PAUL g SAETRE+ (CE RN+SAC L+GSLO)
+HQPKI NSgE VANS gMUI R g PEACH (AACH+CERN+EDIN)

+ KOF LE R t ME I S NE Rt HERT Z BACH+ (M AS A+BNL+Y AL E }
+A 8 ASH I ANg GRAHAM r J ONE 5 g QRR+ ( I LL+ NEAS )
+NEUHGFERg NIEBERGAt L+ (CERN+IPN+WIEN)
+N IE BE RGALL g REGLE R t S TI E R+ (C E RN+QRS A+Y IEN )
+CQOMB ESy DOhlALDSONg DORF ANtF RYB ER GER+ ( SLAC )
PI CCI QNI g DONALDSON + (S L AC+V CSC+COLO )
+DEVLI Nt ESTERL IhlG gGOZ t 8RYMAN + ( RUTG t MASA)
VOSBURGHy DEVLINg ESTERLINGyGOZ + (RUTGgMASA)

+ASTQNg BARB ERg BIRDt ELLI SON+ (MCHS+DARE)
ALEXANDER t BENARY t BGRQHI 7 Zt LAND E+ {TEl A+HE I 0)
+BALASHQVt BANNIK + ( JINR)
BARBI ELL INIg DARR IULATt F AINBERG+ (CERN)
BRANDENBURGgJGHNSQNgLEITHtLQOS+ (SLAG)
CAR ITHERSt NYGRENg GORDON+ (CQLU+BNL+CERN)
CARI THERS g MQDI S r NYGRENt PUN+ (CQLU+CERN+NYU )
+MU I R g P EAC Hg 8 UDA GO V+ ( E D I NBURGH+C ERN )

EVANS t GOLDENt MU I Rt PEACH+ (EDINBURGH+C ERN. )
i

+FR ISCHg MART INt SMQGTy SQMPAYRAC f

NIT�}

+HE PPg JENSEN g STROVINK t WEBB (PRINCETON)
R ~ C. WEBB ( THESIS. ) ( P RI NC E TON }
+HUTTON g FI EL Dg SHARPg BLACKMORE+ (C AVE+RHEL )
+8 INNI Eg GALLI VAN tGGMEZ t PECKtSC IULLI + (CIT)
SCIULL Ig GALL IVANg BINNI Ey GOMEZ + (CIT)

+BREWER g BUON I TZt ENTI StGRA VENt MILLER+ ( LB L)
MCCARTHY g BREW ERr BUDNIT Zt ENT IS t GRAY Ef4+ (LBL )
R L ~ MC CA RTHY ( LBL)
+MORSEt NAU ENBERGy HITL IN + (CDLG+SLAC+UCSC )
+E VANS gMUI R g HQPKI NSt KRE NZ (ED IN+CERN+AACH)
+SUNDERLANDy TURNER t WILL IS t KELLER ( YALE+Af4L )
+LARSENr LE IPUf4ERt SAPPgS ESSOMS+ l BNL+YALE )

DUB NA+ BELL IN+ BUDAP EST+P RAGUE+S ERP UKH+ SGF IA
BI SI tF ERRERQ (T QRI )
+HUZ I TA t MATTIGL I t PUGL I ERIN (PADQ)
DONALDSONt HITL INtKENNELLYt K IRK BY + (SLAC)

DONALDSCN FRYBERGER HIT LIN LIU+ (SLAG+UCSC)
DONALDSON FRYBERGER, HI TLIN LIU+ (SLAC+UCSC)
GREGORY J DQNAL DSGN f SLAC)

31 CHARGED 0( 1868 JP=0-) Igr 1 /2

M L
M L
M P
M L

L
M P
M P

31 CHARGED 0 MASS (ME V)

50(1876m ) ( 15 ) PE RUZZI 76 SMAG +-
(1874 ~ ) (5 ~ ) GOLDHABER 77 SNAG +-

1868 3 0 ~ 9 PERUZZI 77 SMAG +-
(1874. ) ( 11.) PICCOLO 77 SNAG +-

VALUE 5 W I TH LARGE ERRORS NGT AVERAGED
ERROR DOES h)QT INCLUDE 0.13 PERCENT UNCERTAINTY IN
SPEAR ENERGY CALIBRATION ~ USES M(PSI )=3095 MEV

K-+ PI+-P I+- 1/77
DOg 0+ RECOIL SPC 12/77
E+E- 3 ~ 77G EV ECM 12/77
E+E-4 03g 4~41ECM 1/78

THE ABSOLUTE 3178
3/78

31 CHARGED 0 MEAN LIFE (UNITS 10+&-13 SEC)

8 GR LESS CL =.90 AR ME NISE 79 HY BR NEU P —&0 IMUONS + I/80't
2 5 3.5 1 ~ 5 BALLAGH 80 HYBR NEU P --&DI LEPTQhl + 2/80+

31 CHARGED D WIDTH FROM MASS SPECTRUM (MFV)

W P
H P
W P

50 40. OR LESS CL=. 90 PERUZZI 76 SMAG +- K-+PI+-P I+- 1/77
7 OR LESS PERUZZI 77 SMAG +— E+E- 3 ~ 77GEV ECM 3/78

PERU ZZI HI DTHS ARE CONS ISTENT WI TH THE IR EXPERIMENTAL RE SOLUTION. 1/77

WK

HK

HK

HK

WK

HK

HK

WK

WK

70
HISS 76g
EVENTS W

STATE I 5
SPIN PAR
PARITY V

THE SAME
TH IS SUG
10&+13 S

31 EVIDENCE FOR WEAK DECAY OF D

HISS . 76
USING A SAMPLE OF ABOUT 70 0+ — —-& K-+ PI+- Pl+-

HI CH INCLUDE I HE P ERUZZ I 76 EVENTS, F IND5 THAT THI 5 F INAL
I NCQMPAT I BLE H I TH NATURAL S PI N AND PARITY THE hl ATURAL

ITY FINAL STATE IN 00 --& K- PI+ (GQLDHABER 76) INDIGATES
IOLAT IQN IN THE D+— AND 00 DECAYS IF BOTH ARE MEMBER S OF

I SQMULTIPLET AS SUGGESTED BY THEI R S IMI LAR MASS ES ~

GEST S A WlE AK DECAY AND CON SEQUENTL Y A NARROW WI DTH OF ORDE R

E C-1 OR 10&+—8 MEY

1/77
1/77
1/77
1/77
1/77
1/77
1/77
1/77
1/77

31 CHARGED D PARTI AL DECAY MODE 5

31 (D+-) — (DO) MASS DIFFERENCE (MEV)

DM P 5 ~ 0 Oe8 PERUZZI 77 SHAG +- E+E- 3.77GEV ECM 3/78
DM P NQT I NDEP ENDENT OF P ERUZZI 77 0+- AND DO MASSES 3/78

GE WE NIG1
ALSO

GE WE NI G2
ALSO

GEH ENI G3
GJESDAL

}iESS NE R
NI EB ERGA
WANG

WI LL I AM S
WGG

74
74
74
74
74
74

74
74
74
74
74

P L 488 483
CCRN INT. REPT ~

PL 488 487
PL 52B 119
PL 528 108
l L 528 113

PRL 33 1458
PL 498 103
PR D9 540
PRL 33 240
LNC 10 38

GEhEN I GER t G J ES DALe KAMAE t PRESS E R+ ( CERN+HE ID )
VERA LUTH ( THE SI S-INT ~ REPT ~ 74—4) f HEID }
GEWENIGERg GJESDALy PRESSER + (CERN+HEID)
GJESDALgPRESSERr STEFFEN + ( C ERN+HE ID }
GEWENIGER t GJESDAL ~ PRE SSER + (CERN+HEI 0)
+PRESS ERy KAMAEg ST EFF EN+ ( C ER M+HE I D )

+FRANK LINt MGRSEt NAUENBE RG+

(COLO+

SLAC+�UCSC�

)
NI EBERGAI Lr REGLERt ST IER + (GERN+QRSA+V IEN )
+SMI TH, WHATLEYg ZQP Nr HGP NBOSTEL (UMD+ BNL)
+LARS EN LE IPUNER SAPP SESSOMS + ( BNL+YALE)
+BUCHANANg PEPPER (UCLA)

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pll

0+ INTO
0+ I NTQ
D+ INTO
0+ INTO
0+ INTO
0+ INTO
0+ INTO
D+ INTO
D+ INTO
D+ INTO
D+ INTO

K- PI+ P I+
KOBAR PI+
PI+ PI+ PI-
P I+ K+ K-
K+ PI+ P I—
E+ NUE
E+ ANYTHING
K- ANYTHING
KOBAR ANYTHIhlG
K+ ANYTHI NG

K&f 89Z) DBAR P I+

DECAY MASS ES
493+ 139+ 139
49 7+ 139
139+ 139+ 139
139+ 493+ 493
493+ 139+ 1 39. 5+ 0

1314+ 139
BA LDQCEQ
BL UMi CNT H

BUCHANAN
CARI THER
SM ITH

75
75
75
75
75

NC 25A
PRL 34
PR Dll
PRL 34
UCSD T

688
164
457
1244

}FSIS-UNPUB

BAL DQ-CEGL INt BOB ISUT gG AL IMANI+ (PADQ+W ISC )
BLUMENTHAL r FRANKEL t NAGY + (

PENN+CHIC+TEMP�

)
+DRICKEYg PEPPERg RUDNICK + lUCLA+SLAC+JHU)
CARI THERS t MQDI Sr NYGRENg PUN + (COLU+NYU )
JAMES G. SMI TH f UCSD)

D- MQD ES ARE CHARGE CONJUGATE S OF THE ABQYF. MODES

31 CHARGED 0 BRANCHING RAT IOS

8 I RILEY
CC CI'-lB ES
DC NAL0 SQ

ALSO
FUKJSHIM
GJ ESDAL
REY

ALSO

CHC
CLARK

ALSO
DE VQE
DZHQRDZH
PEACH

77
77
75
77
77
77

78
78
79
79
79
79
79
77

ENGLER
HILL
CHRIST E1
CHRI STE 2
HI LL
SC HMi I 0 T
SHQCHET

ALSO

76
76
76
74
76
76
76
69

5JNP 2
PRL 37
PR 014
SLAG 1
PRL 36
NP 810
PR 013
CENCE

PR D15
PR 015
LBL —42
PR 016
5JNP 2
NP 812

587
553

75 THES IS
565

6 478
7 399

PR 018
PL 738
PRL 43
PRL 43
NP 815
PRL 43
PR 019
PRL 39

623
483
1209
1212

3 39
556
1965
59

4, 178
249
2839

84- THES I S
348

9 118
1161

+VE STE RGQMiBI r VQVENKQ g VQTRUBA, G ENCHEV+ ( J IhlR)
+Fl EXER r HALL g KENhfE LL Yg KIRKB Y + ( STAN+NYU)
DONALD SON t HI TLI N t KENNEL LY g K IRK BYg L IU+ ( SLAG )
GREGORY J. DONALDSON (SLAG)
FUKUSHINiAg JENSENg SURKQt THALER+ (PRIN+MASA}
+KAMAEt PRE SSERg STEFFEN + ( C ERN+HEI 0 )
+CENCE t JONESr PARKER + ( f4 DANy-HAHA+ LBL }

+DERRI CKr L ISSAUERg MILLERt ENGLER+ ( ANL+CARN)
+FIELD ~ HQLLEYt JQHNSGNgKERTHtSAHtSHEN (LBL)
GILB CRT 5HEN ( LBL)
+CRQNI Nr FR I SCHt GROSS 0 P ILCHER+ ( EF I+ANL )
DZ HORDZHADZE r KEKEL IDZE g KRI VOKHIZHI N+ ( J INR)
+CAMERQN + ( BG NA+ EDI N+GL AS+P IS A+R HEL )

+KEY ESr KRAEMERr TANAKAt CHQ+ (CA!(N+ANL}
+SAKITTtSNAPEgSTEVENS+ (BNL+SLAC+5 BER)
CHR I ST Ehl SON g GOLDMA Nt HUMMEL t ROTH+ {NYU)
CHRI ST EhlSQhlg GOLD MA Ng HUMMEL g ROT H+ (NYU)
+SAKI TTt SNAP Et STE VENS+ (8NL+SLAG+SBER)
+ Bl-ATT r CAMPBEL Lt GR ANN AN+ ( YA LE+BNL )
+LI N SAY t GROSSO-P ILCHERt FRI SCH+ (EF I+ANL )
SHGCHET r L INSAY g GROSSO-P ILCHERg + ( EF I+ANL )

Rl D+ INT 0 ( K- PI+ P I+ )/TOTAL
Rl 85 0 039 0 ~ 010 PERUZZI

R2 D+ INTO ( KOBAR PI+)/TOTAL
R2 17 0 ~ 015 Oo 006 PE RUZZI

(Pl)
77 SMAG E+E- 3 ~ 77GEV ECM 12/77

(P2)
77 SMAG E+E- 3 77GEV ECM 12/77

R5 0+ INTO ( PI+ K+ K-) /(K- PI+

PI+�)

(P4)/(Pl)
R5 P 15 OR LESS CL= 90 PICCOLO 77 SMAG +- E+E- 4 ~ 03GEY ECM 12/77
R5 P OBTAINED FROM SIGMA+BR VA(. UES OF TABLE I ~ 12/77

R6 D+ INTO ( K+ PI+ PI —) / (K- PI+ PI+ ) ( P5)/(P 1)
R6 P ~05 OR LESS CL= +90 PICCOLO 77 SMAG +- E+E- 4 03GEV ECM 12/77
R6 P CBTA1 f4ED FROM S I GMA+BR VALUES OF T ABLE I 12/77

R7
R7

l 0+ INTO E+ NUE)/(D+ INTO E+ ANYTHING + DO INTO E+ ANYTHI NG)
0.10 QR LESS CL= 90 BRANDE( IK 77 DASP E+E- 3 99-4 08 GEV 12/77

R3 D+ IN TG f KOBAR P I+) /f K- PI+ PI+ ) ( P2) 1(Pl )
R3 P .45 OR LESS CL= 90 PICCOLO 77 SHAG +— E+E- 4 03GEV ECM 12/77
R3 P QBTAI NEO FROM SIGMA+BR VALUES OF TABLE I 12/77

R4 0+ INTO ( PI+ PI+ PI-) /(K- P I+ P I+) I P3) /(Pl)
R4 P ~ 08 QR LESS CL= 90 PICCOLO 77 SMAG +- E+E- 4 ~ 03GEV ECM 12/77
R4 P OBTA INED FROM S IGMA+BR VALUES OF TABLE 12/77
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Particle Data Group: Review of particle properties

Stable Particles
D{) F+

Data Card Listings
For notation, see key at front of Listings.

R8
R8
R8
R8
RB 8
R8 8
R8
R8 AVG
R8 STUDENT

~ ~ 0 Q 0 0

0 ~ 082
0.082

0+ AND DO I NTG
0, 10
0 072

(0 ~ ll )
0.08

BAC I NQ 79 REPL

(E+ ANYTHING)/ (TOTAL D+ AND DQ )
0 ~ 03 BRANDELIK 77 GASP
0 028 FELLER 78 SHAG

(0 OZ) BACINO 78 DLCG
0 015 BACI NG 79 D LCD

ACES BAC ING 78.

E+E- 3 ~ 99-4 ~ 0 8 G EV
E+E- 3 772 GE V EC M

E+E- 3 772 GEV ECH
E+E- 3 ~ 772 GEV ECH

1/78
2/78
3/78

12/79¹
12/79¹

~ I ~

0 012 AVERAGE (ERROR INCLUDES SCA{ E FACTOR OF 1.0)
0 ~ 013 AVERAGE US ING STUDENT 10(H/1 11) -- SEE h1AI N TEXT

P 21 P 3 P 5 P 7
P 1 0184+- .C049
P 2 -3052 ~ 0350+- ~ 0092
P 3 2891 .0883 0438+- 0111
P 5 5034 ~ 1537 1 456 0006+- ~ 0003
P 7 7062 2156 ~ 2042 3555 0021+- ~ 0008

R9
R9

D+ I NT C ( K- ANYTHING)
3 0. 10 0 07

( P8)
VUILLEMI N 78 SMAG E+E- 3 ~ 772 GEV ECM

R12 0+ INTO (K¹(892 ) OBAR PI+) ITGTAl. {Pll )
R12 92 EVENTS SEEN ORE J ARD 79 SFM + P P g ECM=53 GEV

REFERENCES FGR CHARGED D

R13 O+ INTO ( KOBAR ANYTHING) (P9)
R10 3 0. 39 0 ~ 29 VUILLEMI N 78 SMAG E+E- 3.772 GEV ECH

Rl 1 D+ INTO f K+ ANYTHING) /TOTAL (P10)
Rl 1 2 0.06 0 06 VUI L LEMI N 78 SMAG E+E- 3.772 GE V EC M

1 /79¹
I/79¹
1/79¹
I/79¹

I/79¹

7/79¹

32 NEUTRAL D BRANCHING RA TI GS

Rl DD INTO ( K- PI+) ITQTAL ( Pl)
Rl 130 0 ~ 022 0.006 PERUZZ I 77 SHAG E+E- 3~ 77GEV ECM 12/77
Rl ~ 4 ~ 0 ~ ~ ~ ~ 0

Rj. F IT 0 0184 0.0049 FROM F IT ( ERROR I NCLUDE S SCALE FACTOR OF I .0 )

R2 D 0 INTO {K— PI+ Pj+ PI —) /TGTA{ (P2)
R2 44 0 032 0.011 PERUZZI 77 SMAG E+E— 3. 77GEV ECM 12/77
R2 ~ ~ 0 ~ ~ ~ ~ 4

R2 F IT 0. 0350 D. 0092 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 0)

R3 D 0 INTO ( KOBAR PI+ PI —j /TOTAL (P3)
R3 28 0 040 0 ~ 013 PERUZZI 77 SHAG E+E- 3 ~ 77GEV ECH 12/77
R3 ~ ~ ~ I ~ 0 ~

R3 F IT 0 044 0 011 FRGh' F IT ( ERROR I NCLUDE 5 SCALE FACTOR OF 1 0 )

GOLDHABE 76 PRL 37 255
PERJZZ I 76 PRL 37 569
WI SS 76 PRL 37 1531

BRAi4DEL I 77 PL 708 387
GG{ DHABE 77 pL 698 503
PERU ZZI 77 P RL 39 130 1
P I CC GLG 77 P L 708 260

BAC I NG 78 P RL 40 671
F ELL ER 78 PRL 40 274
VU ILLEM I 78 P RL 41 1149

ARMEN ISE 79 PL 868 115
BAC I hiQ 79 P RL 43 1 073
DRIJARD 79 PL 818 250
BALLAGH 80 PL 898 423

GGLDHABER p PI ERRE gABRAMS g ALAM+ (LBL+S LAC )
+P ICCDLGg FELDNANg NGUYEN g WI 5S+ ( SLAC+ LB{ )
+GGLDHABERg ABRAMSg ALAh1g BQYARSK I+ ( LBL+SLAC)

BRANDEL IK + ( AACH+ DE SY+HAHB+MPI M+TGKY)
GQLDHABERgWISSgABRAHS, ALAM + (EBL+SLAC)
+P ICCCLGgj ELDMAN+ ( SLAC+LBL+NWE 5+HAWA)
+PERUZZI g LU(Hg NGUYENg WI SSg ABRAMS+ ( SLAC+LBL)

+BAUMGARTEN BIRKWQGD + ( S LAC+UCLA+UCI )
+ LI TKE ~ MADARAS ~ RGNAN+ (LBL+SL AC+NWES+HAWA )
VU I LLE M IN F E LDMAN + ( LBL+SL AC+ NWE 5+HAWA)

+ERRIQUEZ+ (BARI+CERN+EPCL+MILA+GRSA}
+F FR GUS QNp NGDUL M AN+ ( UCL A+S LAC+UC I+ STGN )
+FI SCHERgGEI ST+ f CERN+CD EF+HEI D+K ARL )
+8 Ii4GHANg F RE TTER+ (l.BL+ FNAL+HA WA+WASH+W ISC )

R4
R4
R4.
R4
R4
R4 F IT

DQ INTO f K- PI+ PI+ PI —) l(K— PI+) (PZ) /(Pl )
P 214 2. 2 0 ' 8 PI CCQLO 7l SHAG E+E-4 ~ 03 g4 41 EC M

P THIS CHANNEL DQMI NATFD BY K — PI+ RHOO ( 8'5+-15 P ERCENT )
P K¹ PI+ Pj — AND K- A2+ CONSI STENT WI TH Og K¹ RHCO FRAC I 5 0 ~ 1+—0 ~ 1

e 0 ~ ~

1 ~ 91 FROM FIT (ERROR INCLUDES SCAL E FACTOR GF 1 0)0 ~ 59

R5 f P3)/fPl)
R5 77 SMAG E+E-4 ~ 03' 4.41EC M

R5 4 ~ ~ ~ ~

R5 FIT 0.74 FROM F IT ( ERROR INCLUDES SCALE F ACTOR OF 1 ~ 0 j

DQ INTO (KOBAR PI+ P.I-)/I K-

PI+�)

116 2. 8 1.0 PICCOLO
~ ~ ~ r

2 ~ 39

DD INTO {PI+ PI —)/ f K- P I+)
0. 07 OR LESS CL= ~ 90
0 033 0.015

R6 (P5) /(Pl)
R6 PICCOLO 77 SHAG E+E- 4 ~ 03 GEVECH
R6 ABRAMS 79 SMK2 E+E— 3 ~ 77GEV EC H

Rb ~ ~ 0 0 ~ ~ ~ ~

R6 F IT 0.033 0.015 FRGH F IT (ERROR INCLUDES SCALE FACTOR OF 1 0)

12/77
12/77
12/77

12/77

12/77
12/79¹

BA RB ARQG 78 LBL- 8537
WG JC ICK I 78 SLAC —PUB—2232
KI RKBY 79 S LAC —P UB—2419

RE VI E W S

A. BARBARQ-GALT I ERI ( ER ICE 1978 ) {LBL )
5 ~ WD JC I C KI ( SLAC SUHME R INST. 1 978) ( 5 LAC )J.KI RKBY {LEPT CN CONF.

BATAAN

EA 1979) (SLAC)

R7
R7
R7
R7
R7 FIT

DD INTO ( K+ K- j /( K— PI+)
0 ~ 07 QR L ESS CL= 90
0 ~ 113 0.030

(P7)/(Pl)
PICCOLO 77 SHAG E+E- 4. 03GEV ECM 12/77
ABRAHS 79 SMK2 E+E- 3 ~ 77GEV ECH 12/79¹

~ ~ 0 ~ ~ 0 ~ ~

0 113 0 030 FRGH F IT f ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)

¹¹A'¹'4¹¹ ¹V

32 NEUTRAL 0( 1863m JP=O-) I=1/2

R8
RB
R8
R8

DO INTO (K+ P I — VIA DOBAR)/(K- P I+ + K+ P I-
THIS IS THE DQ-DOBAR MIXING LIMIT

0 ~ 16 OR LESS CL= ~ 90 FELDHAN 77
0 ~ 18 OR L ESS CL= 90 GGLDHAB'ER 77

) ( P6) /( P 1+P6)

SMiAG D¹+ TG DO Pj+
SMAG

3/77
12 /77

R9
R9

INTO I K- P I+ P ID)/TOTAL ( PB)
7 0, 12 0.06 SCHARRE 78 SMAG E+E- 3.77 GEV 1/78

32 NEUTRAL D HASS (MEV)

76 SHAG
77 SHAG
77 SHAG
77 SHAG
78 HBC
79 Sp EC
80 EHUL

K PI AND K 3P I
DO D+ RECQ IL SP C
E+E— 3«77GEV ECN
E+F—4 ~ 03' 4 ~ 41EC N

NEU NUCLg KOPI PI
GAMMA P--&DO DOBAR
GAMM A NU C- —&OOBAR +

234{1865 ' )

1863.
1863 3

f 1868 ~ j
64( 18 50 ~ )
94 1854 ~

1 1866.
VA{UES W IT
ERROR DOES
SPEAR ENER

M L

M

M P
M L

M

M

i'1

M

M

M

(15 ) GGLDHAB ER
3 ~ GGLDHABER
0 9 PERUZZI

(11 PICCOLO
(15~ ) BALTAY

e. AT IYA
8 ~ ADAMGVI CH

H LARGE ERRORS NGT AVERAGED
NQT INCLUDE 0 13 PERCENT UNC

GY CALI BRATIGN ~ USES M( PSI ) =

1 /77
12/77
1 2/77

1/78
I /79¹

12/79¹
2/80¹

ERTAINTY IN THE ABSOLUTE
3 095 ME V.

3/78
3/78

~ 0 ~ ~ 0

0 85
0 92

0 0 ~

A VG 1863. 12
STU D ENT 1 863.1 5

32 NEUTRAL 0 NEAN LIFE (UNITS 10&¹-13 SFC)

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0) '

AVERAGE U SI NG STUDE NT10(H/1 1' ) —— S EE MAIN T'EXT

R10
R10

DO INTQ (KQBAR PIO) /TOTAL ( P9)
0. 06 OR 'LESS CL=- 90 SCHARRE 78 SMAG E+E- 3 ~ 77 GEV

Rl 1
Rll

DO INTO ( K— ANYTHING + K+ Ah)YTHING) /TOTAL {Pl 1+P12 j
19 0.35 0.10 VUI LLEMI N 78 SHAG E+E— 3 772 GEV ECM

R1 2
R12

GQLDHABE 76 PRL 37 255
FE LDMAN 77 PRL 38 1313
GOLDHABE 77 PL 698 503
PE RUZZI 77 P RL 39 1301
PICCOLO 77 PL 708 260

REFERENCES FGR NEUTRAL 0

GGLDHABERg PIERRE' ABRAMS BALAN+ (LBL+SlAC)
+PERUZZI, P ICCQLG v ABRAMS BALAN + ( SLAC+LBL )

GGLDHABERg WISSg ABRAMSg ALAM + ( LBL+SlAC )

+PI CCGLG gFELDHAN+ (SLAC+L Bi +NWES+HAW A)
+P ERUZZ I,

LUTHER

NG UYEN ~ WI SS SABRA HS+ ( S LAC+ LBL)

DO INTO (KOBAR ANYTHING)/TOTAL (P13)
6 0 ~ 57 0 26 VUILLEMI N 78 SNAG E+E— " 772 GEY ECM

1/78

1/79¹

8 0 CR LESS CL= 90 ARMENISE 79 HYBR NEU P ——&DI MUG'NS + 1/80¹
(0.226) ADAMGVI CH 80 E MUL GAiMMA NUC--&DOBAR + 2/80@

2 3. 5 3 ~ 5 1 7 BALLAGH 80 HYBR NEU P-—&DE LEPTON + . 2/80¹

BALTAY 78 PRL 41 73
SCHARRE 78 PRL 40 74
VUILLEMI 78 PRL 41 1149

+CARGUMBAL I 5 ~ F RENCH ~ HI 8 BS v HY LT QN+ ( CGLU+ Bh{L )

+BARBARQ-GALTIER I + ( SLAC+LBL+NWES+HAWA)
VUILLEMINgFELDMAN + (LBL+SLAC+NWES+HAWA)

32 NEUTRAL D WIDTH FRGMi MASS SPF CTRUH ( MEV )

234 40. QR L E 55 GGLDHABER 76 SHAG CHGO K PI AND K 3P I 1/77
30 2. 0 OR LESS CL=. 90 FELDMAN 77 SNAG 0¹+ TD DQ P I+ 8/77
94 (20. ) QR LESS AT IYA 79 SP EC GAMMA P——&00 DOBAR 12/79¹
WIDTH S ARE CGi451 STENT WITH EXP ER Ih1ENTAL RESQLUT I GN ~ 3/77

AB RAMS 79 PRL 43 481
ARHENISF 79 PL 86B 115
AT IY A 79 PRL 43 414
ADAi1GVI C 80 P L 898 42 7
BALLAGH 80 PL 89B 423

+ALAN' BLOCKER' BGYARSKI+ ( SLAC+LBL)
+ERRIQUEZ+ (BARI+CERN+EP QL+MILA+QFSA)
+HOLMES KNAPP, l EE+ ( C GLU+I LL+ F NAL)
f PHOTON-EMUL COLL AB + OMEGA- PHOTON COLL AB ~ )
+B INGHAM, F RE TTER+ ( LBL+FNAL+HA WA+WAS H+W ISC)

QUANTUM NUMBER DETERHI NATIONS NGT REF ERRED TG IN THE DATA CARDS

32 NEUTRAL D PARTIAL DECAY MODES

NGUYEN 77 PRL 39 262 +WISS ABRANSq ALAM BQYARSKI+

REVIEWS

( LBL+5 LAC ) J

Pl
P2
P3
p4
P5
P6
P7
P8
P9
P10
Pll
P12
P13

PI+
PI+ PI+ P I—
AR PI+ P I—
AR PI+ PI — PI+ P I—
PI-

P I — {VI A DDBAR)
K-
P I+ P IO
AR PI 0
ANYT HING
ANYTHI NG
ANY TH I N G
AR ANYTHING

DO I NTC K-
DO INTO K-
DO I i4TG KOB
DO INTO K08
DQ INTO P I+
DQ IN {G K+
D0 IN TG K+
00 INTO K-
DQ INTO KQB
DQ INTO E+
DO INTO K-
DO INTO K+
DO INTO KOB

DOBAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES

DECAY HASSES
49 3+ 139
49 3+ 139+ 1 39+ 1 39
497+ 139+ 1 39
497+ 139+ 139+ 139+
139+ 139
49 3+ 139
493+ 493
493+ 139+ 1 34
497+ 134

BARBARQG 78 i BL-8537
WQ JC I CK I 78 SLAC-P UB-2232

kj RKBY 79 SLAG-PUB-2419

A. BARBARO-GALTIERI (ERECE 1978) (LBL)
S ~ WGJC ICKI {SLAC SUh{HER INST 1978) ( S LAC )

J.KIRKBY {LEPTQh{ CONF. BATAV IA 1979) { SLAg)

¹¹¹¹¹¹a¹¹

34 F+-(2030~ JP= )

NEFDS CONF I RMATION.
GMI TTED FRGH TABLE

34 F+-(2030) MASS (MEV)

h1 8 4 ( 2030 ~ ) (60 ~ ) BRANDELIK 77 DA SP +- E+E- ECN~4GEV 12/77
M B 6 2030 60 ~ BRANDELIK 79 DASP E+E- ECM=4 42GEV I/80¹
M 8 BRANDEL EK 77 EVENTS INCLUDED IN BRANDE LI K 79 VA{.UE ~ I/80¹

F'ITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , v. here

1 1 j
&P. i= gy&P. eP.), while the off-diagonal elements are the normalized correlaticn coeffi-

1 1 l
cients (6 P.eP. ) /(&P. ~ 6P.). F'or the definitions of the individual P., see the listings

1 J 1 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

are thus constrained to add to {..

34 F+- (2030 ) PARTI AL DECAY MODES

Pl F+— I NTG F TA PI w-
PZ F+- INTO ET A ANYT Hj NG

DECAY MA SSE 5
548+ 139
548+ 0
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Particle Data Group: Review of particle properties S95

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

34 F+-(2030} BRANCHING RATIOS

Rl F+- I NTG I ETA PI+)/ {ETA ANYTHING) (Pl)/{P2}
Rl 6 0 09 0 06 BRANDELIK 79 DASP E+E- ECM=4 42GEV 1/80¹

¹¹¹¹¹¹¹¹¹

BERGAMAS 74 LNC 11 636
RE IhlES 74 PRL 32 493
ROBERTS 74 PRL 33 1181

ALSO 75 PR D12 1232
HU 75 NP A 254 403

BERGAMASCOgP ICCHI ( T QRI + F RA S )
+CROUCH (UCI+CASE)
+COXgECKHA USE+ ( WI LL+VP I+CARN+WYGM+C IT+ BNL )
ROBERTSgCQX + ( WILL+VP I+CARN+ WYOM+CI T+BNL)
+ASANGgCHENgCHENGyDUGAN+ t COL U+YAL E )

BRANDEL I 77 PL 708 132
BRANDEL I 79 P L 808 412

REFERENCES FQR F+- {2030 )

BRANDEL IK +
BRAN DELI K+

( AACH+DE SY+HA MB+MPI H+ TCKY)
( AACH+ DESY+HAHB+MP IM+TQKY )

KHRI PLGV 76 JETP 44 25
RQBERSON 77 PR C 16 1945
BR EGMAN 78 PL 788 174
GANGULI 78 P L 748 130
ROBERTS 78 PR D17 358

BELL 79 PL 86B 215
GOLDEN 79 PRL 43 1196
LE AR NED 79 P RL 43 907

I B KHRIPLQVICH (NUC ~ PHYS INST ~ gSI BERIA)
+KING g KUNSELHAN+ ( WYQM+CI T+CARN+VPI+W ILL }
+CAL VETT Ig CARRONg C I TTOL IN p

HAVER'HERR+�(
C CRN)

+MALHGTRAg RAGHAVANySUBRAHANIAN + {TATA)
B ~ L ROBERTS f WILL+RHEL)

+CAL VETTI p CARRGN pCHANEY gCITTOL IN+ {CERN)
+HQR ANgHAUGER gBADHWAR g LACY+ (NASA+ P SLL)
+REI NES gSONI (UCI )

16 PROTON( 938,J=l/2) I=1/2 QUANTUM NUMBER DETERHI NAT IGNS NOT REF ERR ED TG IN THE DATA CARDS

16 PROTON MASS {MEV}

KALOGERQ 76 PRL 37 1037
FRANKLI N 77 PR D16 910

KALOG'EROPGULOSgCHIUg SUDARSHAN (SYRA+TEXA) P
JERROLD FRANKLIN {HAIF)P

t 938 256) (0 005)
t 938 2592) ( 0 0052)
938.2796 0.00Z7

COHEN
TAYLOR
COHEN

65 RVUE
69 RVUE USING NEW E/ H

73 RVUE

7/66
7/70
3/74

17 NEUTRON(939' J= I/2} I=1/2

16 ANTI PROTON MASS {HiEV)
17 NEUTRON MASS (MEV)

Hl
Hl
Ml
Ml
/A I

Ml

938 3
938. 179
938 ~ 22 9
938.30

0 ~ 5
0.058
0.049
0.13

~ » ~ ~ ~ ~ » ~ ~

A VG 938 216 0 ~ 036
STUDENT 938 216 0.039

BAMBERGER 70 CNTR
HU 75 CNTR EXOTIC ATOMS
ROBERSON 77 CNTR
ROBERTS 78 CNTR

'2/79¹
12/79¹
12/79¹
6/78¹

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1.0)
AVERAGE USI NG STUDENT10(H/1 ~ 11) -- SEE HAIN TEXT

M T
M T
H T
H T

(939~ 5527) (0.0052) TAYLOR 69 RVUE USING NEW E/H
939» 57 31 0.0 02 7 COHEN 73 RVUE

THES E DETERMINAT IQNS OF NEUTRON MASS NOT INDEPENDENT OF
NE UT RCN-PROTON HAS S DIFFERENCE MEASUREMENT S BELOW ~

17 t NEUTRON ) — (PROTON } MASS DIFFERENCE ( MEV)

7/70
3/74
7/7 0
7/70

T
T
T 8
T B
T
T
T R
T
T B
T k

16 PROTON MEAN LIFE (UNITS '0¹¹26 YR)

54 TH 232 FI SS ~ MODE IiNDEPEN
57 T H 232 F I SS ~ MODE I NDEP EN
60 CN TR
65 CNTR
67 CNTR DEP. CN DECAY MODE
74 CN TR
74 CNTR
79 CN TR
CULAR DECAY MODES OF PROTON
MU QN DEC AY

16 ANT I PROTON MEAN LI F E ( HOURS )

t 000001}OR MORE GOLDHAB E
t 0. 002) QR HORE FLERGV
{1~ 5) OR MORE BACKENSTO

(60.0) OR MORE KRQP P
( 200 ~ 0) OR MOR E GURR
I 1300 ~ 0 } OR HOR E 8 ERGAMASC

( 23000 0) OR MORE REI NES
1 0000 0 OR MGR E LEARNED

KRQPP AND BACKENSTCSS SENSITIVE TQ PARTI
RE INES 74 I S FOR DECAY CHAI NS EiND ING I N

12/75
12/75
12/79¹

lZ/75

D

D

D H

0
0 M

t 1 Z9344) ( 0.00007) MA TTAUCH 65 RVUE
1 293429 0 ~ 000036 CG HEN 73 RV Uf

WE HAVE CONVERTED MATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TQ
NEUT RQN-PROTON MASS DIFFER EhlCE USING C URRENT VALUE OF ELECTRON MASS
AND A HYDROGEN BINDI NG ENERGY OF 13»6 EV

17 NEUTRON MEAN LIFE {UNITS 10¹¹3 SEC}

THE MEASUREMENT OF THE NEUTRChl MEAN LIFE 8 Y SQSNOVSKI I 59 HAS
BEEN DISCARDED SINCE l. IT DISAGREES WITH THE BETTER AND HGRE
RECENT RESULT OF CHRI STENSEN 67 ~ 2 THE VALUE OF GA/GV DE-
RIVED FRCM THE NEW VALUE OF THE MEAN LIFE AGREES WELL WITH THE
GA/GV VALUE GBTA I NED F RQhl THE FREE hlEUTRQN DAT A

3/71
3/74
3/71
3/71
3171

Tl
Tl 8
Tl E
Tl G

Tj B
Tl E

Tl E

Tl G

{3.3 E-8) OR MORE CL= 95 GANGULI 78 HBC
t 32 ~ ) OR h1QRE BREGMAN 78

t 1700 ~ ) OR htORE CL= 90 BELL 79 ICE PBAR—&E- PI 0
1.E7 YR CR MORE GOLDEN 79 SP EC

BREGHAN 78 STORED ANTIPROTCNS IN ICE STORAGE RING AT CERN 85 HOURS
BELL 79 STORED ANT IPRQTQNS IN ICE STORAGE RING FOR 10 DAYS ~ VALUE
GI VF N ABOVE I S LIF ETIME/( BRANCHING RATIO TO E — PIO)
GGLDEN 79 VAL UE Ihl F ERR ED FROM PBAR/P RATIO I N CQSMI C RAYS ~

6/78¹
7/79¹
1/80¹

12/79¹
7/79¹
1 /80¹
1/80¹

12/79¹

N

F . ERROR CHANCED BECAUSE ERROR IN CROSS SECTION FOR NEUTRGN ABSORPTION
E IN GOLD HAS BEEN REDUCED ~

T E (1 ~ 012) (0 021) SOSNOVSK I. 59 PILE
T ( 0.935) (0 014) CHRI STENS 67 PI LE REPL BY CHRISTENS72
T 0 ' 918 0 ' 014 CHR I STENS 72 PI LE
T 0, 877 0»078 BGNDARENK 78 PILE
T ~ » ~ » ~ ~ » ~ ~

T AVG 0 ~ 917 0 ~ 0 14 0 ~ 014 AV ERAGE ( ERROR INCL ~ SCALE F AC TGR OF
T STUDENT 0 917 0 ~ 015 0 ~ 015 AVG BY STUDENT10 (H/1» ll ) -- SEE HAI

7/68
3/68
6/72
1/80¹

l. 0)
TEXT

HHi

MH

MH

(2.79276 ) ( 00002 )
(2 ~ 792782) (»000017)

2 7928456 .0000011

COHEN
TAYLCR
COHEN

65 RVUE
69 RVUE
73 RV UE

16 PROTON MAGNET "IGMENT ( E/2MP )

USING NEW E/H 7/70
3/74

MM

HH
MM

56 RV UE 7/ 66
77 HRS REPL ~ BY GREENC 79 3/78
79 MRS 12179¹

17 NEUTRON MAGNETIC MQHENT (HAGNETGNSi 938»2 ME V)

(-1» 9 13148 0» 000066) COHEN
(-1 ~ 9 1304211 0 00000088) GREENE
-1 91304164 0 ~ 00000088 GREENE

16 ANTIPROTON MAGNETIC MOMENT (E/2MP) 17 NEUTRON ELECTR IC DIPOLE MOMENT ( UNI TS 10¹¹-23 E CM)
TEST OF CP GR T VIOLATION IN THE EH INTERACTION

11175
7/75

12179¹
6/78¹

7/75
6/78¹

16 PROTON E LE CTRI C DI PCILE MOMENT (UNITS 10¹¹-23 E CH )

NC NZE RO V ALUE IMPL I ES V IQLAT ION OF T AND P IN EH INTERACT I Qhl

MM I 0 ( —1 8) (1 ~ 2} BUTTON 62 CN TR
HMi 1 R t —2 83) (0 10) FQX 72 ChlTR
HMj R (-2 819) (0 ~ 056} ROBERTS 74 CNTR
MM1 -2. 791 0.021 HU 75 CNTR EXOT IC ATGHS
Mht 1 R —2»817 0 ' 048 ROBERTS 78 CNTR
MH1 C CLD EXPERIMENT W ITH LARGE ERRGR ~ NOT AVERAGED.
HH1 R ROBERTS 74 I S RCANALYSI S OF FOX 72 DAT A ~ REPLACES QLD FOX VALUE ~

MMj R ROBERTS 78 IS A REANAL YSI S GF ROBERTS 74
MiM1 ~ ~ ~ ~ ~ ~ ~ ~ »

HM1 A VG -2 ~ 795 0»019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0}
HMl STUDENT -2 795 0 ~ 021 AVERAGE USING STUDENT10(H/1 ~ 11} —SEE MAIN TEXT

EDH M \-20 ) (30
E Dht +24 ~ 39~

EDM M (30 ' } OR LESS
EDM (5. } OR LESS
EDH 2 ~ 39 ~

EDM 0 ~ 32 0 ~ 75
EDM D 0 ~ 04 0 15
EDM H DRESS 68 INCLUDES DATA
EDH D THE DRESS 77 RESULT IS
EDM ~ » ~ » ~ ~ ~ ~ ~

EDM AVG 0 ~ 05 0 ~ 15
EDH STUDENT 0 ~ 05 0 ~ 16

MILLER
SHUL L
DRESS
BA IRD
APOSTGLE S
DRESS
DRESS

OF HILLER 67
EQU IV TQ CDM & 3

67 MRS
67 CNTR
68 MR S ABSOLUTE VA LUE
69 MRS INCLUDED IN DRESS73
70 MRS
73 MR S ~ LT ~ 10¹¹ 23 C L~ ~ 80
77 MRS

E-24 {CL=~ 90)

1/78
1/78
1/78

10/69
1/78
6/73
6/77
1/78
6/ 77

AVE~AGE (ERROR INCLUDES SCALE FACTOR GF 1.0)
AVERAGE USING STUDENT10(H/ l»11) -- SEE MAIN TEXT

EDM
EDM

1G 700.
55000 '

900.
OR LESS

HARRI SON 69 MBR
KHRI PLQV I 76

10/69
1/78

17 NEUTRON CHARGE

SEE SECTION DQ I N THE PROTON DATA CARD LISTINGS ABOVE

16 PROTON ELECTRON CHARGE DIFFERENCE (UNITS E)

DQ D 1 OE-21 OR LESS DY LLA 73 NEUTRAL ITY OF SF6
DQ D

' ASSUMES THAT Q(NEUTRON) =0{PROTON}-Q(E —) SEE DYLLA 73 FOR A

DQ D SUh! MARY OF EXPERIMENTS GN THE NEUTRAL ITY OF . MATTER

2/80¹
2/80¹
2/80¹ P 1

P2

17 NEUT RGN PART I AL DECAY iHQDE 5

NEUTRON INT0 PROTON E- ANTI(NUE)
NEUTRON INTO PROTON NUE ANT I(NUE)

DECAY MA SSE S
DECAY MASSES

938+ 5+ 0
938+ 0+ 0

GOLCHABE
FLERGV
BACKENST
BUTT CN
COHEN
KRCPP
GURR

54 PR 96 1157 FNQTE2
57 SOV PHYS DQK 3 79
60 NC 16 749
62 PR 127 1297
65 RMP 37 537
65 PR 137 B 740
67 P R 158 1321

REFERENCES FOR PROTON

GGLDHABERgF RE INES+ ( LOS ALAMOSv BNL)
FL ERGV p KLGCHKGV p SKQBK IN g TER ENT EV ( USSR )
BACKENSTGSSg FRAUENFELDERgHYAMS + (C ERN)
J BUTTONS 8 MAGL I C ( LBL)
+DUMGND (N ~ AMER AVIATION SCIENCE CENT»g CIT )
W R KROPP e F REINES (CASE INST TECHNOLCGY)
GURR v KRQPP t R EI NES t HEY E R (CAS Er JQ HANN ESBURG )

Rl
Rj
Rl
Rl
Rl

17 NEUTRON BRANCHING RATIOS

NEUTRQN INTO (PROTON NUE ANTI (NUE) )/(PROTON E- ANTI (NUE) (P 2) /(Pj)
S 3» E-17 OR LESS SUNYAR 60 CN TR RB87--&SR87M+NEUTRL

3 E-19 QR LESS NORMAN 79 CNTR RB87--&SR87M+NEUTRL
S WE HA VE CONVERTED SUNYAR 60 MEAN LIFE LIMIT FOR (N --& P + NEUTRLS }
S AS DESCR ISED IN NORMAN 79.

2/80¹
2/80¹
2/80¹
2/80¹

HARRISON
TAYLOR
BAHBERGE
FOX
COHEN
DYLLA

69 PRL 22 1263
69 k MP 41 375
70 PL 338 233
72 PRL 29 193
73 J ~ PHYS ~ CHEM ~ REF ~ DA

73 PR A7 1224

HARk ISONg SANDARSy WRIGHT ( CLAR ENDON OXF GRD)
+PARKER yLANGENBERG ( P R IN+UC I+P ENN }
BA M B ER G E R g L YN E N ~ P I E K A R Z + ( M P I H+ C E R N+ K A R t. )
+BARNESg EI SENSTE IN+( BNL+CARN+V PI+WIILL+WYOH )
TA Zg P 663' E R ~ COHENgB N TAY LQR
H ~ F ~ DYLLAy J G KING ( MIT)
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S96 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

17 NE UTRQN BETA DECAY PARAMET E RS

REl ATED TEXT SECTION V I 0 1

11/68
10/7 1
10/71
10/71

1/73
1/73
1/73

12/75
1/77
1/78
7/79¹
1/73

10/71
1/73
1/78
1/77
7/79¹

AVERAGE ( ERRGR INCLUDES SCALE FACTOR OF 1 o 0)
AVERAGE USING STUDENT10(H/1 11) —— SEE MAIN TEXT

F
F
F
F
F
F
F
F
F
F
F
F
F
F

T 0 GY (DEGR E ES )
BURG Y 60 ChlTR POLAR NEUTRONS
C LARK 60 C N TR P GLAR. NE U TRON S
CONF QRTQ 67 RVUE
E RQZGLI MS 70 C hlTR POLAR. NEUTRON
KROPF 73 RVUE N DECAY
ERGZGL I MS 74 CNTR POLAR NEUTRONS
STEINBERG 74 CNTR POLAR~ NEUTRONS
ERQZGL I MS 78 CNTR POLAR ~ NEUTRONS

EUTRQN DATA TO 1967 REP L BY KRQPF 73
F IT T ING ALL OAT A T HROU GH 1972 ~

P HAS E AN GL
P ( 175. )
P {198 )
C {176 ~ 1)
P ( 181 3)

P 181 1
180.35
180 14
179. tl

C CQNFORTQ 6
P KROPF 73 V

~ ~ s ~

AVG 180 ~ 11
STUDENT 180+ ll

E OF GA RELAT IVE
( 10+}
(27 j
(6.4 }(1.3)

1 3
0 ~ 43
0 22
0.39

7 COMBINES FREE N

ALUE OBT AIhlED BY
4 ~ ~ ~ ~

0.17
0 19

6/77
6/77

11/68
10/69

1/73
6/77
6/77
7/79¹
1/73
1/73

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1~11} -- SEE MAIN TEXT

AV GA/GY { SEE TEXT FOR SIGN CONVENTION)
AV C ( —1 ~ 2 50) ( 0 ~ 044) CCNFCRTO 67 RVUE SEE NOTE C BELOW

(-1 23 ) ( 0.01 ) CHRI STENS 67 CNTR N DECAY FT VALUE
(-1 ~ 22 } {0 08) GRIGGREV 68 CNTR E-NEU ANG CORREL
( —1 26) (0 ~ 02) CHRI STENS 70 CNTR PEyNEUT SPIN CORREL
( —1 ~ 27) (0 025) ERQZGL IMS 71 CNTR PEyNEUT SPIN CORREl
(-1 239) (0 ~ 011) CHRI STENS 72 CNTR N DEC + FT VALUE
(-1 ~ 263} (0 016) KRCPF 73 RVUE N DECAY ALONE

AV P -1 250 0, 009 KROPF 73 RVUE N DEC + FT VALUE
AV ES (-1 ~ 2501 ( 0 036) DOBROZEMS 75 CNTR E—NEU ANG CORREL ~

—1 ~ 253 0 021 KROHN 75 CNTR PEy NEUT SPIN CORREL
-1 263 0 ~ 015 ERGZQLIMS 77 CNTR PEyNEUT SPIN CORREL
-1 259 0 017 STRATGWA 78 CNTR PROTON RECGIL SPECT

AV C CONF ORTC 67 COMBINES FREE NEUTRON DATA TO 1967 ~ REP L BY KRQPF 73
AV E THESE EXPERIMENTS MEASURE THE AB SOLUTE VALUE CF GA/GV ONLY
AV P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972
AV K llROHN 75 PAPER GI VES —1 i 258+- ~ 015 INCLUDING EVENTS 0 F CHRI STENS 70 ~

AV K THE VALUE QUOTED ABOVE I S DER I VED FROM HIS A y BASED ON NEW EXP T ONLY
AV S STRATQWA 78 IS FINAL RESULT OF DOBRCZEMS 75 EXPT ~

AV ~ ~ ~ ~ ~ ~ ~ ~ ~

AV AVG —1 ?543 0 ~ 0067
AV STUDENT -1 ~ 2542 0.0073

18 LAMBDA(1115y JP=1/2+) 1=0

18 LAMBDA MASS (MEV)

M N

M N

M N

M N

M

hl

hl

M

M N

SI NC E OUR FINAL VALUES FOR THE S IGMA AND LAMBCA MASSES COME FROM
DOING AN OVERALL F I T TO ALL MEASURED MASSES AND MASS DIFFERENCES y
WE H AVE U S ED THE UNCORRELAT EQ MEASUREMEhlTS FROM SCHM IDT 65 RA THER
THAN THE QUES COMI NG FROM THE OVERALL FIT REPORT ED IN THAT PAPER ~

SINCE THERE SEEMS TO BE NO CONVI NCING ARGUMENT AS TO WHY ONE SHOULD
IGNORE DATA USING RANGE MEASUREMENTS WE HAVE INCLUDED HERE VALUES
DEPENDING ON PROTON AND PI GN RANGES THE SCHMIDT 65 MASSES HAVE
BEEN REEVALUATED US ING QUR APRIL 1973 PROTON AND CHARGED K AND PI
MASSES P SCHMIDT y PRIVATE CQMMUNICAT ION y ( 1974) ~

0 12 BHGWMIK 63 RVUE + SEE NOTE L BELOW
ABOVE LAMBDA MASS HAS BEEN RAI SEQ 35 KEV TO ACCOUNT FOR 46 KEV
INCREASE IN PROTON MASS AND ll KEV DECREASE IN CHARGED PION MASS.

635(1115m 86) (Oe09) BALTAY 65 HBC ERROR IS STAT IS ~

488 1115.65 0 07 SCHMIDT 65 HBC SEE NOTE N

1147{1115~ 74) (0004) CHIEN 66 HBC 6. 9 PBAR P
972( 1115 69) ( 0.05) CHI EN 66 HBC

1115e6 0 LONDOhl 66 HBC
(1116~ 0) (Oi2) BADI ER 67 HBC 2 ~ 4 PBAR P LLBAR

195 1 115.39 0 ~ 12 MA YE UR 67 EMUL
1524(1115~ 52) (0 03) BQHM 70 EMUL
935 1115 59 0~ 08 HY MAN 72 HE BC

AV ERAG E QF VERY INCONS I STENT DATA ERROR STAT I STI CA L ONLY. AUTHORS
DETECT SYSTEMATIC EFFECT OF ABOUT ~ 15 MEVy WHICH THEY ATTRI BUTE
TO ERROR I N RANGE —ENERGY RELATIONS y IN REGION BETA=0 ~ 6-0 7-
THIS EFF ECTy IF CONF IRMFDy WOULD AFFECT' VERY LITTLE THE VALUES OF
BHOWMI CK 63 AND MAYEUR 67 ~

ERROR PURELY STA TI ST ICAL
~ ~ ~ ~ ~ 0 ~ ~

1115'566 0.056 A VFRAGE {ERROR INCLUDES SCALE FACTOR GF 1 3 )

F IT 1 5 59
TUDENT 1115~ 568 0.053 AVERAGE USING STUDE NT10{H/1 1 1} SEE MAIN T11,596 0.046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 2)

( SE E IDEOGRAM BELOW )

M

M L
M L
M S
M

M S
M S
M

M

M

M 8

8
M 8
M B
M 8
M B
M S
M

M A

M S

e/66
3/74
9/67
9/67
6/66
8/67

11/67
3/72

11/7 I
3/72
3/72
3/72
3/72

EXT
2/80¹

POLAR NEUTRONS
POLAR ~ NEUTRONS
POLAR NEUTRONS
POLAR NEUTRONS

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0 )
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN T

¹¹¹¹¹¹¹¹¹

CC HEN
SCSNCVSK
BURGY
CLARK
SUNY AR

56 PR 104 283
59 J ETP 9 717
60 PR 120 1829
60 CJP 38 693
60 PR 120 871

REFERENCES F QR NEUTRON

V W CGHENy CORNGOLDy RAMSEY
SGSNOVSKI Iy SPIVAKyPROKOFEV +
+KROHN y NQV EY y RI NGO
+ROB SQN
A. W ~ SU NYA Ry M ~ GGL DHA B ER

( 8NL+HA RV ARD )
( I AE MOSCOW)

( ANL +CHIC )

( BNL)

Dl THREE-VECTOR CORRELAT ION COEFFICIENT
Dl Dl ME A SUPE S COMPOhlE NT QF NEUTRON SPIN PERPENDICULAR TQ THE DECAY
01 PLANE IN BETA DECAY SHOULD BE Z ERO IF T-IN VAR IANCE NCT
Dl VIOLATED+ SEE TEXT SEC VI D.
Dl -0.01 01 ERGZGLI MS 70 CNTR
01 -0 ~ 0027 0033 E ROZGL I M S 74 CN TR
Dl —Oo 0011 i 0017 ST EI NB ERG 74 CNTR
01 +0 ~ 00 22 ~ 0030 EROZGLI MS 78 CNTR
Dl ~ ~ e ~ ~ ~ ~ ~ o

01 AVG —0 ~ 0009 - 0.0013
Dl STUDENT -0 ~ 0009 0~0015

7/76
7/7 6
7/76
7/76
7/76
7/76
7/ 76
7/79¹

EXT

lJEI6HTED AVERAGE = 1115.566 + 0.056
ERROR SCALED BY 1.3

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data wer e actually pr oce s s ed by a
constrained fit program, which
calculates its own values of x, waxy

and scale factory which are differ-
ent from the values shown here.

MATTAUC H

CHRISTEN
CCNFORTO
MILLER
SHULL
DRESS
GR I GORE V

65 NP 67 1
67 PL 26B 11
67 APAH 22 15
67 P RL 19 381
67 PRL 19 384
68 PR 170 1200
68 S JNP 6 239

BA IRD
TA YLGR
APOSTCL E
CHRI STEN
ERCZOLIM

ALS 0

69 PR 179 1285
69 RMP 41 375
70 RRP 15 343
70 PR Cl '1693
70 SJNP 11 583

PL 278 557

+THI ELE y HAP STRA {MAX PLANC K I NST ~ CHEM ~ )
CHRI ST ENS ENy NI EL SONy BAHNSEN y BROWN+ l R I SO)
G I CCNFGRTO (CERN)
+DRESS y BAIRD y RAMSEY (ORNL+ H AR V )
Ci G ~ SHUl Ly R. NATHANS (M IT+ BNL }
+BAIRD y MILLERy RAMSEY ( GRNL+HARY)
+GRI SHINy VLADIM IRSK I jy N IKQLAEV SKI I + {I TEP)

+M ILL ER y DR ES S y RA MSEY (ORNLy HARV)
+PARKER y LANG ENBERG ( P R IN+UC I+P ENN )

APOSTOLESCUy I ONE SC Uy I ONESCU-BU JGR + ( BUCH)
CHRI ST ENS ENy KROHNy RINGO (ANL}
EROZOLIMSKI y BQNDARENKOy + (KIAE)
ERQZOL IMSKY y BQNDARENKO + (KIAE)

1115.0 1115.4 1115.8

. HYMAN

. MAYEUR

LONDON

CHMIDT
HOW MIK

1116.2

?2 HEBC
67 EMUL

66 HBC

65 HBC
63 RVUE

CHISQ
0.1
2.2

1.1

4.B
(CONLEV
=0 .1BEi 3

71 J ETPL 13 Z5Z
72 PR D5 1628
73 J ~ P HYS .CHEM. REF .DA

73 P R D7 3147
73 ZPHY TO BF. PUB L ~

70 NP A154 160

ERQZGLIM
CHRI STER
COHE N

DRESS
KRQP F

ALSO

ERQZOLIM 74 J ETPL 20 345
STEINBER 74 PRL 33 41

ALSO 76 PR 0 13 2469
DOBRO ZEM 75 P R 011 5 10
KROHN 75 PL 55B 175

EROZCL IMSKI I y BQNDARE NKQ + (KIAE)
CHRI ST ENS ENy NIELSQNy BAHNSENy BROWN+ ( R ISO)
TA 2 P 663 E R COHEN B N ~ TAYLOR
DRESSy MILL ERy RAMSEY {ORNL+HARV)
A KROPF y H PAUL (L INZ )
H PAUL {YIEN)

EROZQL IMSKI I y MOSTQVOI y F EDUNINy FRANK+
ST EINBERGy L IAUDyVI GNON y HUGHES ( YALE+GREN)
STEINB ERG yLIAUDy VIGNQNyHUGHES (YALE+GREN)
DQBROZEMSKY KERSCHBAUM NORAH PAUL + ( SEIB)
KROHNy RI NGO (ANL }

LAMBDA MASS (MEV)

18
DM 0.05
DM 0 ~ 29
DM ~ 4 4 0 ~ ~

DM AVG
DM STUD ENT

0 ~ 083
0.080

9/67
8/67

18 LAMBDA MEAN LIFE (UNITS 10¹¹-10)

LA MDA — ANTI LAMBDA MASS DI FF ERENCE ( ME V)
0 06 CHI EN 66 HBC 6 9 PBAR P
0 ~ 15 BADIER 67 HBC 2 4 PBAR P
0 0
0 ~ 083 A VFRAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~5 }
0 063 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

DRESS
ERQZCL I M

GREENE
EPOZQLI M

ST RATOW A

BC NDAREN

77 PR D15 9
77 JETPL 23 663
77 PL 718 297
78 SJNP 28 48
78 PR D18 3970
78 J ETPL Z8 303

+MI LLERy PENDLEBURYy P ERR IN+ (ORNL+GREN+HARV)
ERQZOLIMSKI I yF RANKy MOSTCVOI+ {K IAE)
+RAMSEYy MAMP E+ ( HARV+ ILLG+SUSS+GRNL+CENG)
ERC ZOL I MS K I I y MOST OVQ I y F E DUN IN y FRANK+ ( K IA E )
+DOBRO ZEM SKY y }yE I NZ I E RL (SEIB)
BONDAREhlKO KURGUZOV PRGKGFEV+ ( KIAE)

GREENE 79 PR DZO 2139
NORMAN 79 PRL 43 122e

+RAMSEYy MAMPE+ ( HAR V+ ILLG+SUSS+GRNL+C ENG)
E ~ B ~ NORMANy A ~ G ~ SEAMSTER (WASH)

JACKS GN 57 PR 106 517
COHEN 65 R MP 37 537
BHALLA 66 PL 19 69 j.

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹+¹¹ '¹¹¹¹¹¹¹¹¹

PAPERS NOT REFERRED TO IN DATA CARDS

JACKSGNy TREI MAN y WYLD ( PRI NC ETON)
+DUMGND (N o AMERiAV IATION SCIENCE CENT ~ y CIT)
C P BHALLA (ALABAMA)

T
T
T
T

T
T
T
T
T
T
T
T
T
T
T
T
T
T

T
T
T
T
T
T
T
T
T
T
T AVG
T STUDENT

0 188
0 825
0 140
0 186
0 799
0 2239
0 706
0 794
0 2260
0 1378
0 635
0 2534
0 916
S 1147
S 972'
0 2213
0 585
0
0
0 8342
0 2600
0 1059
0 4572
0 6582

36K
34K
53K

0 QLD L
S ERRO R

0

(0 ~ 21)
{0 16}
( 0.29)
(0 28)
(0 11)
{0. oe)
(0 ~ ZO)
(0~ 09)
{0 10)
(Oe 07)
(0 16)
(0 ~ 1}
(0 09)(0.14}
(0 ~ 20)
( 0 ~ 056)
{0*13)
(0 15)
{0 15)
{0~ 035)
( 0. 08)
(0 10)
(0 04){0.0 5)

0 020
0. 020
0 ~ 03

AT I STI CS EX
STATI STICA
0 0 ~ ~

0 020
0 ' 015
{SEE IDE

(Z. 63)
(2 ~ 72 }
(2. 72 )
(2 60)
(2 ~ 69 )
(2 36}
(2 ~ 76 }
(2 ~ 59)
(2 31 )
(Ze 59)
(2 ~ 51 )
l? ~ 6)
(Zo 35)
{2 50)
(2 ~ 70)
( 2 ~ 452)
(2 68)
(2 ~ 44)
(2 ' 55)
(2 ~ 535}
(2 ' 47}
(2 s39)
(2 ~ 54}
(2 69}
Ze626
2 ~ 611
2 69

OWER ST
PURELY

~ ~ ~ ~

2~ 632
2 630

( 0 ~ 21)
(F 16)
(0 ' 27)
{0 ~ 20)
(F 11)
(0 06)

BOLDT 58 CC
CRAN)FORD 59 HBC
BGWEN 60 CC
CHANG 62 HBC
HUMPHREY 62 HBC
BLOC K 63 HE BC
CHRET I EN 63 HL BC
HUBBARD 64 HBC
KR EI SLER 64 OS PK
SCHWARTZ 64 HBC
BALTAY 65 HBC
HILL 65 OSPK
BURA N 66 HL BC
CHI E N 66 HBC
CHI EN 66 HBC
ENGE LMANN 66 HBC
AUERBACH 67 OSPK
BADIER e7 HBC
BADIER 67 HBC
GRIMM 68 HBC
HCPP 68 HBC
DE M I DG V 70 HL BC
BALTAY 71 HBC
ALTHOFF 2 73 OSPK
POUL ARD 73 HBC
C LAYTGN 75 HBC
ZECH 77 SP EC
TS NGT INCLUDED IN

6 ~ 9 P BAR P
6.9 PBAR PyANTI

( 0 ~ 054)
(F 11)

2 ~ 4 P BAR P
2 4 PBAR P yANTIL

Pj-P y 3 ~ 86 GEV/C
K-P AT REST
P I+ N TO K+LAM BOA
K-P y KMOM ~ 4T02 3
K-PyKMQM 96-1 4

NEUTRAL HYP BEAM
AVERAGEPERIMEN

L ~

e/66

6/ee
9/67
9/67
9/66
8/67
6/68
6/68
6/68
8/68

12/70
6/71
Z/74
9/7 3
1/77

12/77
1/78

0. 020 AYERAGE (ERROR INcL. scALE FAGT0R QF I.e)
0 ~ 015 AVG BY STUDENT10(H/1 11) -- SEE MAI N TEXT

OGRAM BELOW )
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Particle Data Group: Review of particle properties 897

Data Card Listings
For notation, see bey at front of Listings.

Stable Particles

WEIGHTED AUERAGE = 0.3799 + 0.0029
ERROR SCALED BY l.6

LAMBDA INTO
1 (0.2)
1 (1 0)
2 (1 0)

BETWEEN 1 ~

3 1 3
2 jo5
9 2

14 1 ~ 4.

1.57
1 56

R4
R4
R4
R4
R4
R4
R4.
R4
R4
R4
R4 AVG
R4 STUD EN T

(P MU- N

OR NORE
OR LESS
QR LESS

3 AND 6~0
0 ~ 7
1 ~ 2
0 8
0 5

EU) /TGTAI (UNITS 10++-4}
GOOD 62 HBC
ALSTQN 63 HBC
KERNAN 64 FBC
LIND 64 HBC
L IND 64 RVUE
RONNE 64 F BC
CANTER1 71 HBC
BAGG ETT2 72 HBC

( P3} /( Pj+P 2)

S TOPPED K- P
S TOP K-

7/66

7/71
8/72

~ ~ ~ ~ ~

0 35 AVERAGE t ERROR INCLUDE S SCALE FACTOR OF 1 0}
0.38 AVERAGE USING STUDENT 10(H/1 ~ 11) —SEE MAIN TEXT

ECH
LAYTON
DULARD

0.365 0.375 0.385 0.395

CHISG
77 SPEC 3.EI

75 HBC 1.1
73 HBC 0.1.

5.1
(CONLEU
=0.079)

DA INTO t P E- NEU)/
1 ~ 23 Oo 20
1-17 0 ~ 18
1 ~ 20 0 ~ 12
1 31 0 06
1 ~ 17 0 ~ 13

(1~ 32} (0 15)
1 ~ 23 O~jj

CULATED BY Us FROM
DQUIST 77 INCLUDES
~ ~ ~ ~ ~ ~ ~ ~ 0

1 257 Oa 043
1 256 0 ~ 048

( P PI —) (UNITS 10++-3) ( P4) /(Pj)
ELY 63 FBC
BAGL IN 64 FBC
MA LQ NEY 69 H BC
ALTHOFF 1 71 QS PK
CANTER 71 HBC . K-P AT RE ST
LI NDQUI ST 71 OSPK P I-P TO KO LAM
L INDQUI ST 77 SPEC P I-P TO KO LAM

R3 ASSUMING THE AUTHORS US ED t P PI-)/TOT=2/3
DA TA OF LI ND QUI ST 71

R5 LAMB
R5 150
R5 120
R5 143
R5 1078
R5 C 86
R5 LC 218
R5 L 544
R5 C CAL
R5 L L IN
R5
R5 AVG
R5 STUDENT

2/72
2/72
2/72
2/72
3/72
3/72

12 /77
3/72

12/77

AVERAGE ( ERROR, I NCLUDES SCALE FACTOR OF 1 0 )
AVERAGE USING STUDENT I 0(H/jo 11) = SEE MAIN TEXT

R6
Rb

LAMBDA INTO (P PI- GAMMA)/( P PI —) ( UNITS 10++-3) (P5) /(Pl } 1/73
72 1 ~ 32 0 ~ 22 BAGGETT3 72 HBC PI- MOM LT 95 MEV/C 1/73

LAMBDA DECAY RATE (UNITS l0»10 SEC-1)

18 (LAMBDA — ANTILAMBDA) /A VG ~ g MEAN LIFE DIFFEREhCE

DT 0 ' 044 0 ' 085 BADIER 67 HBC 2 4 PBAR P 8/67

18 LAMBDA NAGNET IC MOMENT (MAGNETONsy938 ~ 26 MEV)

MM

MM

MM 8553
MM 151
MM 49
MM 1300
MM 3868
MM 57
MM 1 ~ 2M
MM 3 50K
MM 3M
NM

MiM A VG
MM STUDENT

-1 5
0. 0

—1 39
-0 ~ 5

t-0 67)-0.ee
-0~ 73
-0 65
—0.57
—0 59
-0 ~ 61 38

-0 ~ 61 36
-0 61 36

0 ' 5
0 ' 6
0 ' 72
0 ~ 28

(0 31)
0.07
0 ~ 18
0 28
0 05
0 ~ 07
0 ~ 0047
~ ~ ~

0.0 C47
0 0050

COOL 62
KERNAN 63
ANDERSON 64
CHARRI ERE 65

( 0%37) BARKQV 71
DA HL JENSE 71
HI LL 71
BARKQV 72
BUNG E 76
HELLER 77
SC HAG HING 78

QSPK
CC
HBC
EMUL
EMUL PRELIM RESULT
E NUL M AG F I ELD~ 200KG
Os PK
EMUL INCLUDES BARKCV 71
SP EG
SPEC
SPEC

2/72
6/71

10/71
3/78
1/78
1/78
I/79~

A VERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 ~ 0 )
AVERAGE USING STUDENT 10(H/1 ~ 1 1) SEE MAIN TEXT

EDN
EDM . 8
EDM B

5.0 OR LESS CL= 95 GI BSON 66 EMUL
1 ~ 0 OR LESS CL= ~ 95 BARONI 71 EMUL

BARON I MEA SURES ( —5.9+-2 ~ 9) & 10&&-I 5 E CN

2/72
2/72
2/72

Pl
P2
P3
P4
P5

18 LAMBDA PARTI AL DECAY MODES

LAMBDA INTO PROTON P I—
L AM BDA INTO NEUTRON P IO
LAMBDA INTO PROTON MU- NEUTRINO
LAMBDA INTO PROTON E- NEUTRINO
LAMBDA INTO PROTON P I- GANMA

DEC AY MA SSE S
938+ 139
939+ 134
938+ 105+ 0
93 8+ ~ 5+ 0
93 8+ 139+ 0

18 LAMBDA BRANCH I NG RATIOS

(P I }/(Pl+P2)DA INTO ( P
0.627
0 ~ 65

( 0.685)
0 ~ 643
0 635
0 646

ERSON RESUL
~ ~ ~ ~ ~ ~

0 6399
0 63 38
0 ~ 6419

PI —)/((P PI —)+(N PIO))
0 ~ 031 CRAWFORD 59 HBC
0 ~ 05 COLUM BI A 60 HBC

( 0 017) ANDERSON 62 HBG
0 016 HUMPHREY 62 HBC
0 ~ 007 DOYLE 69 HBC P I—P TO LAM ~ KO

0 008 BALTAY 71 HBC K-P AT REST
T NQT PUBLISHED' EVENTS ADDED TQ DOYLE SAMPLE ~

~ ~ ~

0.0049 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
0 ~ 0055 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT
0 0049 FROM F IT (ERROR INCLUDES SCALE FACTOR OF I ~ 0 )

Rl LAMB
Rl
Rl
Rl U

Rl 903
Rl U 6736
R 1 4572
R 1 U AND
Rl
Rl AVG
R 1 STUDENT
Rl F IT

2/71
6/7 1
2/71

18 LAMBDA ELECTRIC DIPOLE MCMENT (UNITS 10++-14 E CM)
NONZERO VALUE JMPL IES V I OLATIQN OF T AND P

18 LAMBDA DECAY PARAMETE RS

RELA TED TE XT SECTION VI D AND APPENDIX I I I

A-
A—
A-
A-
A-
A-
A-
A-
A-
A-
A-

ALPHA
1156

10130
N 2529

3520
10325
8500

AVG
STUDENT

LAN BD A-
0 ~ 62

(0 ' 663)
0 ~ 645

(0 ' 747}
0 ~ 67
0.649
0 ~ 584

~ ~ ~ ~

0 642
0 642

( LAMBDA I
0 ~ 07

(0 ~ 022 )
0 ~ 017

( 0 086)
0 ~ 06
0~ 023
0 ~ 046

~ ~ ~ 0

0 013
0 ~ 014

NTO PI — PROTON)
CRONIN
BERGE
OVERSETH
ME RRILL
DAU BER
CLELAND
AS TBURY

63 CNTR
66 RVUE
67 OS PK
68 HBC
69 HBC
72 OS PK
75 SP EC

L AMBDA FROM PI-P
INC LUDE S ABOVE

LAMBDA FROM P I-P
REPL BY DAUBER 68
FROM XI DECAY

LAMBDA FROM P I-P
LAMBDA F ROY PI —P

8/6 7
9/66
8/67
6/68
6/68
5/ 72
2/78

AVERAGE (ERROR I NCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10( H/1 11) -- SEE MAIN TEXT

AO ALPHAO /ALPHA- FOR LAMBDA (L INTO PIO N/L INTO PI — P}
AO jej0 0 ' 27 CORK 60 CNTR
A0 0 4760 1 ~ 000 0 068 OL SEN 70 OS PK P I+N TQ K+ LAMBDA
AO ~ ~ ~ ~ ~ ~ ~ ~

AO AVG 1~ 006 0 ~ 066 A VERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0 )
AO STUDENT 1 006 0~071 AVERAGE USING STUDENTIO(H/I+ I I) -- SEE MAIN TEXT
AO O DONE BY CCMPARING PROTON DISTR WITH N DISTR ~ FROM LAMBDA DECAY ~

5/70

F-
F-
F-
F—
F-
F-
F-
F-

(SIN(PHI )/COS(PHI)~BETA/GAMMA) (DEGREES)
17.0 CRONIN 63 OS PK LAMBDA FROM PI-P 11/67

6 ~ 0 OVERSETH 67 OSPK LAMBDA FROM PI —P ll/67
) (5 ~ 2) Ct ELAND 67 OS PK REPL BY CL ELAND 72 5/72

4 5 CLELAND 72 OSPK LAMBDA F ROM PI-P 5/72
~ ~ ~ ~ ~

3 ~ 5 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~0 )
3 8 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

PHI ANGL E
1156 13~ 0

10130 -8 ' 0
7377 t-9 2

10325 -7 0
~ ~ ~

AVG -6 5
sTUDENT -e.b

LIEIGHTED AUERAGE = -0.622 + 0.048'
ERROR SCALED BY 1.2

AV GA/GV FOR LAMBDA BETA DECAY ( SEE TEXT SEC VI D 1 FOR SIGN CQNV )
AV C 22 (-1 ~ 03 ) LIND e4 HBC 6/68
AV C 102 (0 ~ 6) OR MORE BAGLIN 65 HLBC NQ SIGN GIVEN I/71
AV C BETH 0 AND -1 1 BARLOW 65 OSPK 6/68
AV C 102 (Oe 7) OR NORE CL= ~ 95 ELY 65 HL BC ABS VALUE 1/71
AV C EXPERIMENTS INCLUDED IN CONFORTO 65' RVUE 6/68
AV -1 ~ 14 0 ~ 23 0.33 CONFQRTQ 65 RVUE 11 /67.
AV M 148 —0 ~ 7Z 0 14 0~ 19 MALONEY 69 HBC 10/69
AV A 1078 (-0 ~ 62 ) t 0 ~ 08 ) ( 0 09) AL THOFF2 71 OSPK PQLARI ZED LAMBDA 7/73
AV M 141 -0 75 0 ~ 15 0 18 CANTER 71 HBC 4/71
AV L 173 (-0 40) (0 13) ( 0 ~ 17) LINDQUI ST 71 OSPK E-hEU AND UF-DOWN 9/71
AV M 352 -0 ~ 74 0 +09 0~ 12 BAGGETT1 72 HBC STOP ~ K- 2 /72
AV A 817 -0.63 Oa 06 ALTHOFF 1- 73 OS PK PQL ARIZED t. AM BDA 7/73
AV 405 -0 ~ 47 0 ~ 09 BURNETT 76 SPEC E-NEU AND SPIN 2/78
AV L 441 -0 ~ 53 0 ~ 09 0 11 LINDQU I ST 77 SP EC POL LAMBDA e 3 A SYMM 12/77
AV A ALTHOFF1 73 Ih)CLUDES DATA OF ALTHOFF2 71 ~ USES PROT S PECT RUM ANO .7/73
AV A THREE SPIN ASYMMETRIES ~ 7/73
AV M EXP T MEA SURE S ONLY THE ABSOLUTE VALUE OF A/V 7/73
AV L L INDQUIST 77 INCLUDES DATA OF l INDQUI ST 71 ~ 12/77
AV ~ ~ ~ ~ ~ ~ ~ ~ ~

AV AVG -0 ~ 622 0 ~ 048 AVERAGE ( ERROR I NCL UDE S SCALF FACTOR OF 1 ~ 2 )
AV STUDENT -0 624 0 ~ 045 AVERAGE USING STUOENT10(H/1 11) -- SEE MAIN TEXT

( SEE IDEOGRAM BELOW

LAMBDR2
R2
R2
R2
R2
R2 75
RZ
R2 AVG
R2 STUDENT
R2 F IT

A INTO (
0 23
0 43
0. 28
0 35
0.291

0 ~ ~ ~

0.304
0.304
0 ~ 3581

83
R3 Q

R3 Q
R3 N

R3 N

R3 Q

R3 N

R3 N

R3 N

R3 N

R3 N

R3 Q

UNI TS 10++-3)
HU MP HR EY 61
AUBERT 62
ELY 63
BAGL IN 64
L I ND 64
MA LCNEY 69
CANTER 71
L I ND QU I ST 71

0 BY US I NTO
MEA SURE D QUAN
NOT AVERAGED

LAMBDA INTO (P E- NEU)/TOTAL (
15 (2 ~ 0} (0 ~ 5}

8 (2 9) (1 5) (1 2)
150 (0 ~ 82 ), (0 ~ 12)
102 (0 78) (0%12) (0. 13)

20 (1 55 ) (0 ~ 34)
143 t 0. 80) (0 ~ 08)

86 (0.78 ) ( 0~09)
218 (0.88 ) (0 10)

THE SE VAL UE S HA VE BEEN CHANGE
BECAUSE THAT IS THE DIRECTLY
LOW STATISTICS EXPERIMENTS.

( P4} /( P 1+P2)
RVUE
FBC
FBC
FBC
HBC
HBC
HBC K-P AT REST
OSPK P I- P TO KO LAM

RAT I OS TO PRCITON P I-g
TI T Y, SEE R5 BELOW

K- AT RE ST
K- AT 1 ~ 45 GEV/ C

10/69
4/71
2/72
3/72
3/72
7/70

Pl 0) /( (P PI —)+ (N PI 0) ) (PZ ) /(Pl+PZ )
0 09 EI SLER 57 HLBC
0 ~ 14 CRAWFORD 59 HBC
0 08 BAGLIN eo HLBc
0 ~ 05 BROWN 63 HL BC
0. 034 CHRET I EN 63 HL BG

0 ~ ~ 0

0 ~ 025 AVERAGE ( ERROR INCLUDES SCAL E FACTOR QF 1 o0)
0.028 A VERAGE USI NG STUDE NT10(H/1 11} —SEE MAIN TEXT
0.0049 FR QM F IT ( ERROR INCLUDES SCAL E FACTOR CIF 1 ~ 0 }

—1;5 =1.0 -0.5

LINDQUIST
.BURNETT
.ALTHOFF1
BAGGETT1
CANTER
MALONEY

. CONFORTO

0.0

77 SPEC
76 SPEC
73 OSPK
72 HBC
71 HBC
69 HBC
65 RUUE

0.5

CHISQ
O. EI

2.B
0.0
1.3
0.6
0 ~ 4
3.4
9.4

(CONLEU
=0.154)

GAiGV FOR LAMBDA BETA DECAY
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S98 Particle Data Group: Review of particle properties

Stable Particles
A, Z

Data Card Listings
For notation, see key at front of Listings.

e=eeAewiye Sty&4tyeeety tyeeeeety:iy:&

REFE RENCES FOR L AH BDA 19 S I GH A+ ( 1189y JP= 1/2+ ) I = 1

EISLER
BQLDT
CRAWFORD

BAGL IN
BOW EN
CORK
COLUMBIA
HUMPHREY

ANDERSON
AUBCRT
CHANG
COOL
GOOD
I"UMPHREY

AL STGN
SHOW M I K
BLOCK
BROWN
CHRi. TIE N

CRONIN
ELY
KE RNAN

57
58
59

60
60
60
60
61

62
62
62
62
62
62

63
63
63
63
63
63
63
63

NC 5 1700
PRL 1 148
PRL 2 Z66

NC 1 8 1043
P R 119 2030
PR 120 1000
ROCH CONF 726
PRL 6 478

C ERN CONF 832
NC 25 479
THESIS DUKE
PR 127 2223
PRL 9 518
PR 127 1305

UCRL 1 C926
NC 28 1494
PR 13 C 766
P R 130 769
PR 13 1 2208
PR 129 1795
PR 131 868
P R 129 870

EISLERtPI ANOy SAHIOSt SCH QUARTZ + (CGLU+BNL)
E BOLDTy D 0 CALDWELL, V PAL {MIT)
CRAWFORD t C RE STI t DOUG LAS S t GOOD + (LRL)

BAGLI N t BLGCH t BRI SSCNt HENNESSY + ( EPOL )

BOWEN t HARD Yy REYNOLDS y SUN + (PRI NCETON)
CORKy KERTHy'NENZELt CRONIN+ ( LRL+PRIN+BNL )
M SCH WAR TZ + (CQLUHBIA)
HUMP HREY K IRZ RG SENF E LD RHEE + (LRL+ SYRA)

ANDERSON t CRAWFORD ~ GOLD E N t LI OYD + ( LRL)
AUBERTy BRISSGNt HENNESSY y SIX + (EPOL)
CHUEN CHUEN CHANG (DUKE)
COOL y HILL, MARSHALL + ( BNL+HI T+NYU+ANI )
H L GGODt V G LING (W I SCGN S IN )
W E HUHPHREYtR R ROSS f {.RL)

ALSTGN KI RZ NEUF E LO SOL MITZ WOHLt UT ( LRL )
B BHQWHIKy D . P GQYAL ( DELHI )
BLOCKy GESSARGLI t RATT I+ ( NNES+BGNA+SYRA+ORNL )
BROWN, KADYK t TRI LL I NG t ROE + ( LRL+MICH)
CHRETI EN, CROUCH+ ( BRAN+BROWN+HARVARD+HI T)
J N CRGNI Nt G E OVERS ETH ( PRI NCETON )
ELY y GIDALy KALHUSy OSWALD y POWELL + {LRL)
KE RNAN t NOVEY t NARSH AN t WATT ENBERG (ANL+ ILL )

19 SIGMA+ MASS fHEV)

H N SEE NOTE PRECEDING LAMBDA MASS LISTINGS

H

M

M

M

H

M

H

M

M

M

H

M

{WEIGHTED AVERAGE = 1189.371 + 0.060
ERRQR SCALED BY 1.B

144 1189~ 38 0 1 5 BARKAS 63 EMUL + SEE NOTE S BELOW
58 1189 48 0 22 BHGWMIK 64 EMUL + SEE NOTE 5 BEI QN

5 ABOVE SIGMA+ MASSES HAVE BEEN RAI SED 30 KEV TG ACCOUNT FOR 46 KCV
S INCREASE IN PROTON HASS AND 21 KEV DECREASE IN PION HASS

4205 1189 61 0 08 SCHMIDT 65 HBC 5 EE NOT E N 3/74
1189.16 0»12 HYMAN 67 HE BC slee

B e07 1189.33 0.04 BOHM 72 EMUL 12/73
8 BQHH 7Z UPDA TED NI TH PDG A PR ~ 73 K y PI AND PI 0 MAS S ES ~ 12/73

~ ~ »»» ~ ~ ~ ~

A VG 1189 371 0 060 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1.8)
STUDENT1189 354 0 041 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT
F IT 1 lS9 365 0 ~ 058 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 8) 2/80+

( SE E IDEGGRAH BELOW

ANDERSL N

BAGL IN
HU BBARD
KE RiNAN
KREISI ER
LI ND

RONNE
SCHW ART Z

BAGL IN
BALTAY
BARLGW
CH ARRI ER

ALSO
CCNFORTG
ELY
HI LL
SCHiMI DT

BERG E
BURAN
CHIEF
ENGELMAN
GIBSCN
LGNDGN

AVER BACH
BAOI ER
CL ELAND
MAYEUR
OVERSET H

GR I M M

HE PP
MERRI LL

64
64
64
64
64
64
64
e4

65
65
65
65
ee
65
e5
65
e5

66
66
66
66
66
66

67
67
67
67
e7
68
68
68

PRL
NC
PR
PR
PR 1
PR
PL
UCRL

13 167
35 977

135 8 183
133 8 1271
36 8 1074
13'5 8 1483
ll 357
1 1360 THE S I S

NC 35 977
PR 140 8 1027
PL 18 64
PL 15 66
NC 46A 205
EC INT HERZEGNOVI
PR 137 8 1302
PRI 15 85
PR 140 B 1328

BERKELEY 46
PL 20 318
PR 152 1171
N C 45A 1038
NC 45A 882

143 1034

NC 47A 19
PL 2 58 152
PL 26B 45
U .LI BR .BRUX. BUL32
P RL 19 391
NC 54A 187
ZPHY5 214 71
PR 167 1202

J A ANDERSONy F S CRAWFORD (I RL)
BAGLIN t 8 INGHAM+ (EPOL+CERN+LOUC+RHEL+BERG )
HUBBARD y BERGE t KA LBF LE I SCHt SHAF ER + ( LRL)
KERNANtPO'WELLySANDLER + {LRL+LOUC )
M N KREI SLER, O QVERSETH J CRONIN (PRIN)
L INDy 8INFQRDy GQQDt STERN {WI SCGN SIN)
RONNE+ ( CERN+ EPOL+LOUC++UNI V BERGEN )
JOSEPH ADAM SCHWARTZ ( LRL)

BAGLIN + ( EPGLtCE RNyLGUC t RHELt BERCEN)
BALTAYy SANDNCISSy CULNICKyKOPP + (YALE+BNL)
J BARLOW, 8LAIRt CCNFQRTO+ (CERN+RHEL+PENN )
CHARR IERE t GIBSON+ ( EPOL+B RI S+CERN+HPI M)
CHARRIEREt GIBSON + ( EPOLt BRISt CERN tHPIM )
G CONF GRTO ( C ERN)
ELYy GI DALy KALMUS y POW ELL + (LRLyI GUC)
HILL t LI y JE NKI NS t KYCI At RUDERMAN ( M IT t BNL )
P SC HH I DT {COLUMBIA)

BERGEtCABIBBQ ( (RVUE) LRLt CERN)
BURANt E IVI NDSONy SKJEGGE STADy TOFTE + (OSLO)
+LACHtSANDWEISSt TAFTt YEHtOREN + (YAL E+BNL )
ENGELMANNt F ILTHUTHt ALEXANDER+ (HEI D y REHO)
W H GIBSf NyK GREEN {BRI S)
LONDON RAU ~ GOLDBERG LICHTMAN+ f BNL SYRA)

AUER BACH t BGWENt DGBBS t LANDE ~ MANN+ ( PENN )
+BONNE T t BR I ANGE T y SADOUL ET (EPGL)
CLEI. ANDy BI ENLE INr CGNFORTG+ (CERN+GEVA+LUND)
C» MAYEUR tE ~ TQHPA t J Wl CKENS ( BELGt LCUC )
0 E OVERSETHt R F RGTH ( MICH+ PRI N )
H -J .GRIMM ( HE I DE LB ERG )
V ~ HEPP t H SCHLEI CH (HEIDELBERG)
HERR ILL ~ SH AF ER (LRL )

Values above of weighted average,
error, and. scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calcula, tes its own values of' x, 5x,
and scale factor, which are differ-
ent from the values shown here.

BQHM

HYMEN

SCHMIDT
BHQAMIK
BARKAS

CHISQ
72 EMUL 1.0
67 HEBC 3,1
65 HBC B.9
64 EMUl 0.2
63 EMUL 0.0

13 ~ 3
f CQNLEV
=0 .010)

19 SI GHA+ MEAN LIFE (UNITS 10++-10)

11BB.B 1.1B9 .2 11B9.6 1190 .0
SIGMA+ MASS f MEV)

DAUBER
DOYLE
MA LGNIEY
BQHM
DEMI DGV
GLSEN

69
70
70
70

PRL 23 425
NC 70A 384
SJNP 10 681
P RL 24 843

ALTHGFF1
. ALTHGFF 2

BALT AY

BAR.KGV
BARONI
CA NT ER

71
71
71
71
71
71

PL 378 531
PL 378 535
PR 04 670
JETPL 14 60
L NC 2 1256
pRL 2e sbs

CANT ER1
DAHLJENS
HILL

ALSO
L I ND Qfj I S

71
71
71
65
71

PRL 27 59
NC 3A 1
P R D4 1979
PRL 15 85
PRL 27 612

BAGGETT1
BAGGETTZ
8 AGG ETT 3
BARKGV
CL ELAND
HY MAN

72
72
72
72
72
72

Z PHY 249 279
ZPHY 252 362
PL 428 379
JETPL lb l04
NP B40 221
P R 05 1063

ALTHGFF 1
AL TH OFF 2
PGUL ARD

73
73
73

PL 438 237
NP 866 29
PL 468 135

69 P R 179 1262
69 UCRL 18139-THE 5 I 5

+BERGEy HUBBARDy HERR ILLy MILLER ( LRL)
J C DOYLE (LRL )
MALGN EY t S E CH I-Z GR N (UNIV MARYLAND)
+ KRECKER + (BERL+BRUX+LUUC+LOUC+LONC+WARS)
+KIRILLOV-UGRYUMGVt PONOSOVyPROTASOV+ ( ITEP)
+PGNDRGMt HANDL ERt L IMONt SMITH + ( WI SCy HICH)

+BRQWNtFRCYTAGtHEARD tHEINTZE +
+ BRQ WN t FRE YT AG t H EA RD t HE INT Z E +
+BRI DGEWATERy COOP ERt HAS I BI+
+GUREV ICHy MAKARINAy MART EHYANOV+
G BARONI t S PETRERAtG ROMANO
+COL E t L EE FRANZ I NI t LOVE LE SS +

(CERN t HEI D)
(CERNt HEID)
(CQLU+BING)

( I TEP)
{ROMA)

(STON+CGLU)

+BROWN t FRE YTAG t HEARD, HE I NTZE+
+BROW Ny FREYTAG t HEARD t HE INTZE+
+G I VERNAUD yBGRG

( CERN+ HE ID)
( C ERN+HE ID 1

{SACL)

+COL E t LEE-FRANZ I NI t LOVE LESS+ {STGN+C CLU)
OAHL-JENSEN + {CERN+ANKA+LAUS+MPIM+RGMA)
+LI t JENKINSt KYCI At RUDERMAN fMITt BNI )
HILL yL It JENKINSt KYCI At RUDERMAN (HITy BNL)
L IND QUI STy SUMNER+ ( EF I t WUSL t OSUt ANL )

+BAGGETTt E IS ELEy F ILTHUTHy FREHSE+ ( HEID )
+BAGGETT, E I SELEyFILTHUTHtFREHS E+ (HEID)
+BAGGETT, E I SELE y F I LTHUTH tF REH SE yHE PP+ (HE I 0)
+GUREVICHtMAKARI NAyMARTEMYANGV + (ITEP )

+CONFORTOt EATGNy GERBER+ f CE RN+GEVA+LUND)
+BUNNELLy D ERR ICKy F IE{D St KATZ+ ( ANL+C ARN)

0 ~ 98
0»82
0 85
0 80
0 ' 76
0 ~ 75
0.82
0 749
0 ~ 765
0 ~ 84
0» 84
0 ' 76
0 83

(0.86)
(1 ~ 10)
0 ~ 80
0 ~ 803
0» 795
0, 83
0 ~ 807
0 798

ANG ERROR 0
ROR PURELY

0 ~ 79 97
0.7996

T
I 127
T 41
T 117
T 54
T 23
T 49
T 140
T 192
T 456
T 203
T 181
T 900
T C 1300
T 5 125
T 5 117
T 381
T 10664
T 20K
T 526
T 5719
T 30K
T C CH
T S ER
T
T AVG
T STUDENT

0» 12
0.20
F 11
0. 067
0 14
0» 09
0.08
0 052

0 16
0 ~ 34
0 ~ 14
0 ~ 10
0 ~ 22
0 ~ 13
0 ~ 10
0.056
0 ~ 04
0»12
0 ~ 09
0 ' 03
0.032

(0 15)
(0 ~ 24)
0.07
0, 008
0 ~ 010
0.04
0 ~ 013
0» 005.018 RAISED

STATI STICAL

0»0036
0 ~ 0040

GLAS ER
P U SCHEL
EVANS
FREDEN
KA PLON
CHIESA
BE RTHELQT
BARKAS
GRARD
HUMPHREY
BHGWH IK
BALTAY
CARAYAN
CHANG
CHIEN
CHI EN
COOK
BARLOUTA U

EI SELE
BAKKER
CONFORTO
MA RRAF F IN

SCE 19

58 RVUE
eo EMUL
eo EMUL
60 EMUL
60 E MUL
61 EMUL
61 HLBC
61 EMUL
62 HBC
62 HBC
64 EHUL
65 HBC
65 HBC
66 HBC
66 HBC +
ee HBC
66 OS PK
69 HBC
70 HBC
71. DBC
76 HBC
80 HBC

70 EDI TI ON t

0 ~ 08
6/66
6/66
e/66
9/67
9/67
7/66

11/69
2/7 1

10/71
11/77
2/804
1/73

6 9 P BAR P
6 9 PBAR Py ANTI

K-P 4-1 2 GEV/C
K-P AT REST
K-N TG 5 IG+ 2P I—
K-P 1- 1 4 GE V/C

P TQ SIG+ PI-
RMP 42t 123 (1970)BY US

0 ~ 0036 AVERAGE (ERROR INCL ~ SCALE FACTOR OF 1 0)
0» 0039 AVG BY STUDENT10(H/1 ~ 11) —SEE MAIN TEXT

ASTBURY
CL AY TGN

. BUNC E
BURNETT

75
75
76
76

77
77
76
77
78

ARMENTER
BALTAV
BERGE

62
62
63

HELL ER
L INDQU IS

ALSO
ZECH
SC HACHIS

NP B99 30
NP 895 130
PRL 36 1113
NC 34A 14

PL 688 480
PR 0 16 2104
J PG 2 L211
NP 8 124 413
P RL 41 1348

CERN CONF 236
C ERN CONF 233
THE SI 5 (BERKELEY)

+GALLIVAN JAFAR + (LG I C+ C ERN+ ET H+S ACL )
+BACONtBUTTERWORTHyNATERS + (LOIC+RHEL)
+HANOLERtMARCHtMARTI N + (W ISC+MICH+RUTG)
+INNE St MA SEKyMAUNG y MI LLERt RUDC RHAN+ (UCSC)

+GVE RSETH y BUNCEy DYDAK + (MI CH+W IS C+HE ID )
L I N3 QUI ST, SWALLOW t SUMNE R + ( EF I +OS U+ ANL )
L IND QUI STy SW ALLOW y SUMNER+( E F I+WUSL+G SU+ ANL )
+ 0 YDAK t NA VARRI A+ ( SIEGy CE RN+DORT+HEID)
SCHACHINGERy BUNCEy CQX + (MICH+RUTG+Wl SC)

PAPERS NOT REFERRED TO IN DATA CARDS

ARMENTEROS+ (CERN+EPGL+LGIC+BI RM+CEN-SACLAY)
BALTAYy FOWLER ~ SANDWE I SS tCUI WIC K+ ( YALE+BNL)
J PETER BERGE (LRL )

MM 381 1 5
MH 52 3. 5
MH 51 3»0
HH 69 3.5
MM 29333 2 ~ 1
HH 955 2 ~ 67
MH 2651 2» 7
MH 5 8503 ( 2» 95
MM 5 14K 2 ~ 30
MH S SETTL E S 79
MM ~ ~ ~ ~

MH AVG 2 ~ 33
MH STUDENT 2 ~ 33

19 SIGMA+ MAGNET IC MOMENT ( MAGNETONS y 93 8 26 HE V)

1 1
1 5
1 2
1 2
1 ~ 0
0 97
0.9

) ( 0.31
0 ~ 14

INCLUDES

CDOK
KOTELCHUC
SULLIVAN
COMBE
MAST
ALlEY
SAHA
DOB{ E
SETTLES

DQBLE 77 DATA

66 QSPK
67 EMU{
67 E HUL
6S EMUL
68 HBC
71 OSPK
73 HL BC
77 H BC
79 HBC

7/66
8/67
8/67

10/68
6/68

10/70
6/73

12/77
12/7M
12/79+

K-P AT 1 1 58EV/C
PHGTOPRQDUCT ION

K-P AT»4 GEV/C
1 ~ 28 GEV/C P I+P
K-P 25TO 55GEV/C
K-P 46 GEV/C
K-P 42TO ~ 50GE V/C

~ ~ ~ »

0»13
0 14

AVCRAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0 )
AVERAGE USING STUDENTl0{H/1 11) -- SEE MAIN TEXT

Pl
P2
P3
P4
P5
P6
P7
PS

SIGMA+ I NTO
S IGMA+ INTO
SIGMA+ I NTG
SIGMA+ INTO
S IGHA+ INTO
SIGMA+ I NTO
S IGHA+ INTO
SI GMA+ I NTQ

19 Sl GHA+ PARTI AL DECAY MODES

PROTON P I 0
NEUTRON P I+
NEUTRON PI+ GAMMA
LAMBDA E+ NEU
PROTON GAMMA

NEUTRON HU+ NEUTRINO
NEUTRON E+ NEUTR INQ
PROTON E+ E-

DECAY MA SSES
938+ 134
939+ 139
939+ 139+ 0

1115+ 5+ 0
938+ 0
939+ 105+ 0
93 9+ ~ 5+ 0
938+ ~ 5+ 5
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Data Card .Listings
For notation, see key at front of Listings.

Stable Partly&es

19 S IGMA+ BRANCHING RATIOS

(P2) /(Pl+P2)Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
RZ
R2

R4 5 IGM
R4 1
R4 24
R4
R4 45
R4 31
R4
R4 AVG
R4 STUDCNT

6166
10/69
10/69

LJEIGHTED AVERAGE = 0 .240 + 0.035
ERROR SCRLED BV 1.4

O1 O2 O3 O4 OS
SIGf1A+ INTO iP GAfltlA) i f P PIO)

IN 69 HBC
69 HBC
65 HBC

0.6

CHISQ
0.5
1.a
2.6
4»1

E. CONLEV
=0.126)

{P7) /(PZ )
SEE NOTE E

S EE NOTE F.

SEE NOTE E

R5
R5 EG
R5 EG
R5 EO
R5 0
R5 UA
R5 UQ
R5 0
R5 U

R5 U

R5 U

R5 E
R5
R5
R5
R5

S IGMA+ I J TO (N E+ NEU) /( N PI+ ) ( UNI TS 10¹¹-5)
0 (16220) EFFECT IVE DENOM» CDL&RANT 64 HBC
0 ( 272 0) EFF EC TI VE DE NOM MURPHY 64 HBC
1 (9690) EFFECT IVE DENQM NAUENBERG 64 HBC
0 {32406)EFFECT IVE DENGM BIERNAN 68 HBC
0 {80400)EFFECTIVE DENGM ~ EI SELE2 69 HBC

(30000) EFFECT IVE DENOM ~ NORTON 69 HBC
OLDER LOWER STATISTICS EXPTS ~ NOT INCL DEU D IN AV ERAGE ~

0 105000 EFFECT IVE DENQM ~ SECHIZGRN '73 HBC
0 111000 EFFECTIVE DENGN ~ EBENHQH 74 HBC

EF F ECT IVE DE NQM ~ CALCULATED BY US
EFFECT IVE DENQM ~ TAKEN FROM EI SELE 67

EISELE2 69 REPLACED BY BY EBENHGH 74 '
CL= ~ 90 QUR AY ERAGE (2 ~ 3 EVTS }/( EFF ~ DNGM ~ SUM )

NUMB ER 0F EVENTS INCREASED TG Z. 3 FOR 90PC
. 1~ 1 OR LESS CL= ~ 90 QU

CONFIDENCE LEVEL

S IGMA+ INTO ( N MU+ NEU) /( PI+I) (UNI TSNITS 10¹¹-5) (P6 ) 1 (P2 )
1 (120) ANAL YS ED EVENTS GALT IERI 62 EMUL

10150 EFFECT I YE DENOM ~ COURANT 64 HB
0 1 710 EFFECT IVE DENOM ~ NAUENBERG 64 HBC, SEE NOTE E

62000 EFFECT IV E DENOM ~ EI S ELE2 69 HB9 HBC
0 33800 EFFECTIVE DENGN ~ BAGGETT 69 HBC

EFFECT IVE DENOM ~ TAKEN FROM EISELE 67
EFFECT IVE DENON ~ CALCULAT ED BY US

~ ~ ~ ~ ~ ~ ~ » ~

b»2 OR LESS CL"- ~ 90 0»QUR AV ERAGE (6 7 EVTS) I( EFF DNGM SUM }
ELNUMB ER OF E VENTS I CS NCREASED TG 6 7 FOR 90PC CONFIDENCE LFV

( SIGNA+ I NTG LEPTGNS) /{ SIGMA- INTO LEPTGNS )
0 0 034 OR LESS BAGGETT 67 HBC

0 08 OR LCSS NORTON 69 HB C

0»043 OR LESS CL= ~ 90 OUR AVERAGE US ING R5 AND Rb

S IGMA+ IN TO ( PROTON E+ E- ) /TOTAL ( UNI TS 10¹¹-6) ( PB)
ANG 69 HB C STOP K-

A ANG 69 FOUND 3 E+ E- E VE NTS IN AGREEMENT WITH GAMMA CONVERS IGN OF
A PROTON GAMMA DECAY -L I-L IMIT GIVEN HFRE IS FOR NEUTRAL CURRENT

( SIGMA+ INTO N MU+ NEU) /( SIGMA- INTO N MU- NEU)
2 0 06 0 045 0 ~ 03 EI SELE2 69 HBC +- STOP K-»

0 ~ 12 OR LESS CL= 90 QUR AVERAGE USING R6

R6
R6
R6 E
R6
R6 U
R6
R6 E
R6 U

R6
R6
R6

R7
R7
R7
R7
R7

R8
R8
RB
RB

R9
R9
R9
R9

11/67
11/67
6/68
6/68
6/e8

11/69
2/76
2/76
1/76

11/67
1/76

2/76
2/76

11/67
11/67
11/67

6/68
11/68
11/67

2176
2/76

6/68
10/69

2/76

10/6 9

1 0/69

2/71

S IGMA+ INTO ( NEUTRON PI+) /(NUCLEON PI )
308 0 490 0 ~ 0 24 HUMPHREY 62 HBC

6/660 02 CHANG 66 H BC534 0, 46
BARLGUTAU 69 HBC K-P .4-1 2 GEV/C 11/691331 0 488 0 010
TOY E E 71 EM UL 12/71537 0 484, 0 ~ 015 TQYEE 71 EMUL

7/79¹1861 0 488 0» 00 8
F I N 80 HBC K-P 420-500NE V/C 2/8010K 0 4828 0 0036 NARRAFF IN 80 H

2/80¹M NARRAFFI NO 80 GI VES BR TQ (P PIO )/ALL, HE QUOTE 1-BR~

0 ~ 0030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)AYG 0.483e 0.0
I G S TUDE NT1 0(H/I ~ 11} -- S EE NA IN T EXTSTUDENT 0 4837 0» 0033 AVERAGE US N

SIGMA+ INTO (NEUT PI+ GAM)/(PI+N) (UNINITS 10¹¹-3) ( P3) /P2)
BAZI N2 65 HBC P I+ LT 611 NEV/C . 8/67(1 8 1 ABOUT
ANG 69 HBC P I+ LT 110 ME V/C 11/6829 0 ~ 27 0 ~ 05
EBENHGH 73 HBC P I+ LT 150 MEV/C 3/74180 0. 93 0 10

R3 SIGMA+ INTO (f AMBDA E+ NEU) /TOTAL (UNITS 10¹¹-5) (P4)
9/66R3 H 4 (3 ~ 3) (1 7)

EYENTS F RQM THIS EXP EEXP ERIMENTr INCLUDED IN EI SELE 1 69 11/69
5 TGP K- 8/670» 8 BA RASH 67 HBCR3 6 2 ' 0

0 ' 7 BAL TAY ' 69 HBC STOP K- 11/69R3 5 1.6
EI SE LE1 69 H BC STOP K- 10/6 9R3 10 2»9 1 ~ 0

R3
0 ~ 47 AYERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0}

USING STUDENT10(H/1 1 I l -- S EE MAIN TEXTR3 STUDENT 2 01 0 52 . AVERAGE U

A+ INTO ( P GAMNA}1( P PIO) (UNITS 10¹¹-2 ) ( P5} /(P 1)
(0 ~ 068)OR LE SS CARRARA 64 HBC

0 08 BAZIN 65 HBC
QUAR ENI 65 EMUL
ANG 69 HBC STOP K-

0 051 GERSHWI N 69 HBC

0 ~ 035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 4)0 ~ 240 0 ~ 035 AV

0 ~ 239 0» 030 AVERAGE USIING STUDENT10(H/1»11) —5EE MAIN TEXT
(SEE IDEOGRAM BELOW

R10
R10 E
Rlo 0
R10 0
R10
R10 E
R10 E
R10
R10

( SIGNA+ I NTO N E+ NEU) /( SIGMA- INTO N E- NEU)
0 (0 ~ 03 ) OR L ES S CL ~ 90 EI SELE2 69 HBC + STOP
0 (0 12) OR LESS CL= ~ 95 COLE 71 HBC +- STOP

LOWER STAT ISTICS EXPER INENT NOT INCLUDED IN A VERAGE
0 0 ~ 018 OR LESS CL= ~ 90 SECHIZORN 73 HBC +- STOP
0 0»019 OR LESS CL= ~ 90 EBENHOH 74 HBC +- STOP

EISELE2 69 REPLACED BY EBENHQH 74 ~

0.009 OR LESS CL=»90 OUR AVERAGE USING R

K-
K-

K-tPGISSON
K-

10/69
10/71
2/76
8/73

12/75
12/75

2/76

19 Sl GMA+ DECAY PARAMETERS

RELATED TEXT SECTION YI D AND APPENDIX III
PHA+/ALP HAD FGR SIGMA+ ( S I 6+ TG IP I+ N) /( SIG+ TG PI 0 P)

CORK 60 CNTR 5 I G+ FROM P I+P(+0 04) (0 11)
{+0.20) (0 24} TRIPP

BANGERTER 66 HBC S IG+ FROM K-P(-»014) (0 ~ 052)
) ( ~ 07) BERLEY 66 HBCH BC 5 IG+ F RON K—P(- » 047 ~

REUCRQFT 77 HBC REPL. BY MARRAFFIN080(-0 ~ 104) {0.028)
-0» 073 0 ~ 021 MARRAFF IN 80 HBC K- P TO S I G+ P I-
GLD RESULTSt HAYE BEEN REPLACED ~ SEE BELGH

OM FIT (ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)-0 069 0 013 FR

A+0 AL
A+0
A+0
A+0 0 3500
A+0 0 2600
A+0 20K
A+ 0 23K
A+0 0
A+0
A+0 F IT

9/66
9/66
6/77
2/80¹

2/80¹

H A+ FOR S I GMA'+ ( SI G+ TO P I+ N )
K —P AT 400 MEV/C 1 1/690 069 0.017 BANGERTE R 69 HBC

12/700 ~ 049 BERL EY 70 HBC
~ ~ ~ ~ ~ » ~ ~ ~

GE ( ERROR INCLUDE S SCALE FACTOR GF 1 ~ 0)0 ~ 066 0 ~ 016 AVERAGE
0 ~ 017 AVE RAGE US I NG ~I NG STUDENT 10(H/ 1 1 1) -- SEE MAIN TEXT0 066

0¹0.068 0 013 FROM F IT (ERRGRRGR INCL UDE S SCALE FACTOR GF 1 ~ 0) 2/8

A+ ALP
A+ 35000
A+ 41 01
A+
A+ AVG
A+ STUDENT
A+ FIT

7/66
10/69
5/70

11/72
7/73
7/73

11/69

5/70
7/73
7/73

CORK
EV ANS
FREDEN
KAPLON
PUSCHEL

60 PR 120 1000
60 NC 15 873
60 NC 16 611
60 ANP 9 139
60 NP 20 254

BARK AS 61 PR 124 1209
BERTHELQ 61 NC 21 693
CHIESA 61 NC 19 1171

BEALL
GRARD
GALT I ER I
HUMP HREY
TR I PP

62 PRL 8 75
62 PR 127 607
62 PRL 9 26
62 PR 127 1305
62 PRL 9 66

REFERENCES FGR SIGMA+

CORK t KERTH WENZELt CRGNI Nt COOL ( LRL+PR I N+BNL )
+PADBRI ST+BRUSS+IAS-U CQL-DUBLI N+LChf+MI LAN+

S FREDENt H KQRNBLUMt R WHITE (LRL}
M KAPLONtA MELISSINQSt YANANQUCHI (RGCH)
W PUSCHEL (MAX PLANCK INST}

BARKAStDYERtMASONthlICHQLStSMITH
BERTHELQTt DAUDINt GOUSSU + ( SACLAY+GR SAY)
CHI E SA t QUA SS I A TI t RI NAUD C ( I NFN-TU R I N)

BEALL CORK t KEEFE t MURPHY tWENZEL (LRL )
F GRARD t G A SNI TH

t ~

( LRL)
GALT IERIt BARKASt HECKMAN PATRICKt SMITH ( LRL)
W E HUMPHREY t R R RQS 5
R 0 TRIPP t M 8 HATSGNtM FERRO-LUZZI (LRL }

BARKAS 63 PRL 11 26
ALSO 61 UCRL 9450

H H BARKAS J N DYE Rt H H HECKMANN
( LRI )
(LRL)

JOHN DYER (THESISt BERK ELEY)

8 BHOWMIK t P JAINt P MATHLR tLAKSHMI ( DE LHI )
CARRARAtCRESTIt GRIGOLETTGt PERUZZG+ (PADGYA)
COURANTtF ILTHUTH+ (CERN+HEI D+UMD+NRL+BNL )
C TH GRNTQN MURPHY ( WISCONSIN)
NAUENBERG t NARATECKt+ (CGLU+RUT G P+ +PRIN)
HILL IS tCGURANTt ENGELMAN+{ BNL tC ERN ~ HEI Dt UMD)

8A L T A Y t SA ND H E I SS t C UL }tI C K t KG P P + ( YA L E+ 8NL l
BAZINt BLUMENFELDt NAUENB ERG + (PRIN+CGLU)
BAZI NtPLANGt SCHMIDT+ (PR Ihft RUT Gt CQLU )
CARAYANNGPQULCSt TAUTF EST tHI LLMANN ( PURDUE l
QUAR ENI CART ACCI + ( BGNAt FIRZt GENGt PARMA )

(COLUMBIA)P SCHMI 0 T

BANGERTERtGALTIERI t BERGEt MURRAY+
+HERZBACHt KQFL ERt YAMAMQTG + ( BNL+ MASA+ YALE l

(COLUMBIA }CHUNG YUN CHANG
(CGLUM B I A lS CHUNG YUN CHANG

+LACH SANDHEISS, TAFT YCH OREN + ( YALE+BNL)
V CGOKtEHARTtMASEK, ORRt PLATNER (HASHINGTON)

BAG GETT DAYt GLASSERt KEHQEtKNGP+ (MARYLAND)
( MARYL AND)BAGGETTt KEHOE
{MARYLAND)N ~ BAGGETT

BARASH t DAY t GLA SSER ~ KEHOE t KNOP + ( MARYLAND}
+ ENGEL MANN t F ILTHUTHt FOL ISHt HEP P+ ( HE ID )
+LQKENt PEW I TTt MCKENZIE t+ (AhL+CARN+NWES }
KOTELC HUCK t GOZA t SULLI VA Nt ROSS ( VANDERB ILT)
SULLI VANt MCI NTURFF t KOT ELCHUCH (VANDERB ILT )
A D MC INTURFF r C E RQOS ( VANDE RB ILT)

64 NP 53 22
64 PL 12 72
64 PR 136 B 1791
64 PR 134 8 188
64 PRL 1Z 679
64 PRL 13 291

BHCWMIK
CARRARA
COURANT
MURPHY
NAUENBER
WILLIS

65 P R 140 8 1027
65 PRL 14 154
65 PR 140 8 1358
65 PR. 138 8 433
65 NC, 40 A 928
65 P R 140 8 1328

BAI TAY
BAZ IN
BAZIN2
CARAYAN
QUARENI
SCHN IDT

BANG ERTE
BERLEY
CHANG

ALSO
CHIEN
COOK,

66 PRL 1 7 495
66 PRL 17 1071
66 PR 151 1081
65 N EY I S 145 THE SI
66 PR 152 1171
66 PRL 1 7 223

BAGGETT 67 PRL 19 1458
ALSO 68 V IENh}A ABS ~ 374
ALSO 68 PRIYAT E CGNM ~

67 PRL 19 181
67 Z PHY S 205 409
67 PL 25 8 376
67 PRL 18 1166
67 PRL 18 1163
64 P RL 13 246

BARASH
EISELE
HYMAN
KOT E LC HU

SULL I VAN
ALSO

ALPHAO FOR SIGMA+ (SIG+ INTO PI0 PROTON)AO
80 0 ~ 16 BEALL 62 CN TRAO -0 80 0 ~ 16

TRI PP 62 HBC R EPL AC BY BAhf G EAO (-0 ~ 90) ~(0~ 25)
986) (0 ' 072) A GERTER ee HBC K-P TG SIG+ PI-AO 0 5200 ( -0 98

2 BANGERTER 69 HBCAO 32000 -0» 999 0 022
OSPK P I+P TQ S IG+ K+AO H 1335 -0»98 0 ~ 0 5 0» 02 HARRI S 70

'5 BELLAMY 72 A SPK P I+P TD SI G+ K+
AO L 1259 -0» 945 0» 055 0 ~ 042 LI P MAN

AO L DECAY PROTONS SCATTERED OFF ALUMINUM ~

AO H DECAY PRQTCNS SCATTERED QFF CARBQhf ~

0.016 AVERAGE ( ERROR INC U ES SCA E FACTOR GF 1 0)AO AVG -0.979 0»016
0» 018 AVERAGE USI NG ~N STUDENT 10 (H/1» 11) -- SEE MAIN TEXTAO STUDENT -0» 979»

IT (ERROR INCLUDES SCALE FACTOR OF 1 0} 2/8 0¹AO F IT -0 979 0.016 FROM FIT (ERROR

PI ) S I N( PHI ) /CQS ( PHI ) =BET A/ GA MMA ( 0 EG REE )F+ PHI+ ANGLE ( SIG+ I NTO N PI )
Bc NEUTR0N RE scATT. 9/ebF+ 0 370 {180. ) (30.) BERLEY 66 H

10/69F+ 560 143» 29» BANGERTl 69 HBC
24. BERLEY 70 HBC K-P AT 400 MEV/C 11/69

F+ C CHANGED FRCM 176176 TG 184 TO AGREE H ITH SIGN CONVENTION ~

F+
20» 1 AVERAGE ( ERROR INCLUDE S SCALE FACTOR GF 1 ~ I )F+ AVG 167.3 20»l

I NG STUDE NT 10 {H/1» 1 1) -- SEE MAIN TEXTF+ STUDENT 167~ 5 21»2 AVERAGE US G

AG
AG ALPHAG FOR SIGNA+ (S IG+ INTO PROTON GAMMA)

61 —1 ~ 03 0 ~ 52~ 0.42 GERSHWIN 69 HBC K-P TG 5 IG PI

P 0 PROTON) SI N(P HI )/CGS ( PHI )= BETA/GAMMA ( DEG IFO PHI 0 ANGLE (SIG+ INTO P IO P
GSPK PI+P TQ SIG+ K+F0 H 22. 0 90.0 HARRI S 70

1 LIPMAN 73 QSPK P I+P TG SIG+K+FO L 1259 38» 1 35»7 37» 1 LIPN
DECA Y PROTON SCATT ERED QFF A LUMI NUM»

FO H DECAY PROTONS SCATTERED GFF CARBOhf ~

FO
~ 7 AVERAGE (ERROR INCLUDE S 5CALE FACTOR OF 1 0 )FO AVG

GE USING STUDENT 10( H/ 1» 1 1) SEE MAIN TEXTFO STUD ENT 35 ~ 8 36 .4 A VE RAGE US
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Stable Particles
g+

Data Card Listings
For notation, see key at front of Listings.

8 I ER MAN 68 PRL 20 1459
CQMBE e8 Nc 57A 54
NA ST 68 PRL 20 1312

SIERMANt KOUNOSUt NAUENBERG + { PRINCETON)
CERH-BR I STOL-LAUSANNE-MUNICH-ROME-COLLABOR
MAST t GERSHWI N t ALSTGN —GA RNJQST + (LRL )

LIEI6HTED AUERA6E = 0.6747 + Q. OOSQ
ERROR SCALED BY 1.3

ANG 69 ZPHYS 228 151
BAGGETT 69 MDDP- TR-973
BALT AY 69 PRL 22 615
BANG ERTE 6 S UCRL- j9244
BANGERT 1 69 PR 187 1821

+EBENHOHt EIS ELEt ENGELHANNt F ILTHUTH+ ( HEI D)
N V BAGGETT ( THE SI S) (UMD)
BAL TAY t FRANZ INI t NEWMAN t NORTON+ (COLU t STON)
ROGER QDELL BANG ERTER (THES IS ) (LRL )
BANGER TE R t GARN JOST t GALTI ERI t GE RSHWIN+ ( LRL )

BA RLOUTA
EISEI El
EI SL LE2
GERSHW IN

ALSO
NORTON

BEF LEY 70 PR Dl 2015
Ej SELE 70 ZPHY 238 372
HARRI S 70 PRL 24 165

+YAMIilt HERTZBACHtKOFLER + {BNLtMASAt YALE}
+FILTHUTHtHEPPtPRESSERt ZECH (HEIDELBERG)
+QVERSETHt PQNDROMt DETTMANN (NICHt WISC)

ALLEY-
BA KKER
COLE
TOVEE
BELLAMY
80 HiN

ALSO

71 PR D3 75
71 I NC 1 37
71 PR D4 631
71 NP 833 493
72 PL 3'98 299
72 NP B48 1
73 I IHE-73 2 NQV

+BENBRQGKt CQOKt GLASS tGREENtHAGUE + ( WASH)
+t SABRE CQLLAB ~ (ZEEM+SACL+BGNA+REHO+EPOL)
+LEE-FRANZ INI t LOVE LE SSt BALTAY+ (STQNt CGLU )
LQUCtBELGRADEtBERLtBRUXtDUBLINtWARS COLLAB
+ANDERSONt CRAWFGRDt OSHGN+ (LOWC+RHEL+SUSS }
BERLIN+BELGRADE+ BRUX+DUBLI N+LOUC+WARSA W

BRUSSELS BULLET INt S AM E COI {.ABORAT ION

69 NP 814 153 BARLGUTAUDtBELI EFGN, GRANET+ (S ACL+CERN+HEID)
69 Z PHYS 221 1 +EN GELMANNt F ILTHUTHt FOHLI SCHtHEPP+ ( HEI D)
69 ZPHYS 221 401 - +ENGELNANNtFILTHUTHt FOHLISCHt HEPP+ (HEID)
69 PR 188 2077 +ALSTGN-GARNJQSTt BANGERTER + (LRL)

UCRL 19246 THESIS LAWRENCE K GERSHWIN ( LRL)
69 NEVIS 175 (THESIS) HERBERT NORTCN ( COLUM BIA )

MARRAFFIN
CGNFfjRTD
ROBERTSON
TDUEE
BAKKER
EISELE

~ Bl:IRLOUTRU
WHIT ESIDE
CHAN6

. HUMPHREY
BARKAS
CHIESA
EISLER
BRDHN

BQ HBC
76 HBC
72 HBC

71 EMUL

71 DBC
70 HBC

69 HBC
6B HBC

66 HBC

62 HBC
61 EMUL

61 EMUL

SB HLBC
SB HLBC

CHISQ
0 .Cl

.0 .1
0.2
0.7
1.4
0.0
0.4
l . El

7.6
3.0

EB ENHQH 73 ZPHY 264 413
LIPHAN 73 PL 438 89
S AHA 73 PR D7 3295
SECHI ZOR 73 PR D8 12

+E 1SEL Et F!LTHUTH t HEP Pt L E IT NER t THOUW+ {HEI 0 )
+UTO t WALKERt HCNTGGME RY+ (RHEL+SUSS+LGWC )
+FETKOVICHtHEINTZELMANt MELTZER + (CARN)
8 SECHI-ZORNt G ~ SNOW ( UMD)

0 ~ 4 0.6 O. B 1.0
15.2

(CDNLEU
=O. OBS)

EB ENhOH 74 Z PHY 266 367
CCNFORTO 76 NP 8105 189
DGBLE 77 PL 678 483
REUCROFT 77 PR 015 5

iNQ WAK 78 NP 8 139 61

+EISELEtENGELMANNtFILTHLTHtHEPP + (HEID)
+GOPALt KALHUSt LITCHF I ELOt ROSS + (RHEL+LGIC )
+GGTTSTEI NtHANSL tHERYNE K+ (HP IM+BGHR+VAND)
+RODS t W AT ERS t W EBS TER t HANSL + ( VAND+HPI M )
+ARMSTRONG t DAVI S+ {LOUC+BE LG+DURH+It ARS )

SI6MA- DECAY RATE (UNIT S 1.0&+1.0 SEC-1 )

20 SIGMA- MAGNETIC MOMENT ( HAGNE TONS t938 26 MEV)

SE TTLES 79 PR D20 2154 +MANZt MATT t HANSLt HERYNEKt DOBLE+ (MPIH+VAND)
NARRAFF I 80 PR 0 ( TQ BE PUB ~ ) hlARRAFF INQt REUCROF Tt ROD St WATER S+(VAND+MPIN)

PAPERS NOT REF ERRED TO IN DATA CARDS

GLASER 58 CERN CCiNF 270 GLAS ERt GQGDt MORRISON {MICH+LRL )

QUANTUM NUMBER DETERMINAT IGNS NOT REF ERREO TO IN THE DATA CARD S

TR I PP 62 PRL 8 175 R TRIPP t M WATSON t M F ERRO-LUZZI {LRL) P
ALFF 63 S IENA CONF 1 205 ALFF tNAUENBERGt KIRSCHt+ (CGLU+RUTG+BNL )

AL SG 65 P R 137 8 1105 ALFF GELF AND BRUG GER BE RLEY+ ( C OLU+ RUTG+BNL )
COURANT 63 S IENA CONF 1 73 COUR ANTt F ILTHUTHt BURNSTE IN t DAY+ ( CERN+UHD )

MH

HH

MN

MN

MM

MM

NM

MM

HH AVG
MM STUDENT

—1 ~ 41-1.41

R BTWN —1
R -1 ~ 48
D -l. 40

D {0 65
28K -0 ~ 71

R ROBERTS 74
D DUGAN 75 N

73 CNTR
74 C NTR
75 CNTR
75 CNTR
78 HBC

20 SI G MA- PARTI AL DECAY MODES

ee AND +0.8 FGX
0 37 ROBER, TS
0.41 0.28 DUGAN

) ( 0 28) ( 0 ~ 40) DUGAN1.25 HANS{
INCLUDE S DATA FROM FGX. 73 ~

EGATIVE VALUE AVERAGED SINCE IT AGREES WITH ROBERTS
~ ~ ~ ~ ~

0 25 AVERAGE (ERROR INCLUDES SCALE FACTOR 0
0 27 AVERAGE USIING STUDE NT 10(H/1 1 1) -- SEE

INE ST
INE ST
I NE ST
INE ST
PI+

74 '

3/74
12/75
12/79»
12/794

7/79»
12/75
12/794

F 1 ~ 0}
MAIN TEXT

20 SIGMA-(1198t JP=1/2+) I=1

Pl
P2
P3
P4
P5

S I GMA-
SI G MA-
S IGHA-
SIGMA-
S IGNA-

INTO NEUTRON P I-
I NT0 NEUT RGN P I — GAMHA
INTO NEUTRON HU- NEUTRINO
INTO NEUTRON E- NEUTRINO
I NTG "LAMBDA E— NEUTRINO

DECAY MA SSES
939+ 139
939+ 139+ 0
939+ 105+ 0
93 9+ ~ 5+ 0

1115+ .5+ 0

20 SIGMA- MASS (MEV)
20 S I GMA- BRANCH I NG RATIO S

SEE NCTE P RECEDING LAMBDA MASS L ISTINGS

3000 1 197 ~ 43
1 197 ~ 24

0.08
0 ~ 15

SCHMIDT
DUGAN

65 HB C SEE NOTE N

75 CN TR E XQTIC ATOMS
3/74

12/79+
~ ~ ~ ~ ~

AVG 1197.388
STUD E NT 1 197.39 0
F IT 1 197.34

~ ~ ~ ~

0 ~ 079
0 ~ 080
0.05

20 (SIGMA-) — (SIGNA+) MASS DIFFERENCE {MEV)

87 8.25
2500 8.25

86 7.91

D

D

0
D

D AVG
0 STUDENT0, FIT

~ ~ ~ ~

8 ~ 09
8.10
7 ~ 97

0 ~ 40
0 ~ 25
0 ~ 23.

~ ~ ~ ~ ~

0 ~ 16
0 ~ 18
0 ' 07

BARKAS
DOSCH
BOHM

63 EMUL
65 HBC
72 EMUL 1/73

AVERAGE {ERROR INCLUDES SCALE FACTOR GF 1.0)
AVERAGE JSING STUDENT10(H/1 11) —— SEE MAIN TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3) 2/80+

20 {S IGNA-) —

(LAMBDA�

) HA SS 0 IFF ERENCE (MEV)

DL N SEE NETE PRECEDING LAMBDA MASS LISTINGS ~

81.70
85 81 80

2279 81 ~ 64

0 ~ 19
0 13
0 ~ 09

DL
DL
DL
DL
DL AVG
DL STUDENT
DL F I T

~ ~ ~ ~ 4 ~ ~ ~ ~

ej.693 O. Oe9
81 ~ 692 0 ~ 077
81~ 740 0 ~ 052

BURN STE IN 64 HBC
SCHMIDT 65 HBC SEE NOTE N

HEPP 68 HBC

9/66
3/74
8/68

AVERAGE ( ERROR INCLUDES SCALE FACTOR GF 1 .0 )
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 0) 2/80+

AVERAGE (ERRGR INCLUDES SCALE FACTOR OF 1 ~ 1)
AVERAGE USING STUDENT10(H/1 11) —SEE HAIN TEXT

FROM FI T (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0) 2/80+

Rl,
Rl
Rl
Rl
R j.
Rl
Rl
Rl AVG
Rl STUDENT

INTO
0 ~ 66
O. 56
0 ~ 43
0.43
0 38

SIGNA-
22
11
56
72
13

(N MU- NEU)/(N PI —) ( UNI TS jo+&-3) (P3)/{ Pl )
0 15 COURANT 64 HBC
0 20 BAZIN 65 HBC
0.09 BA GG ETT 69 HB C
0 ~ 06 ANG 1 69 HBC
0 11 COLE 71 H BC

~ ~ ~ ~ ~

7 0. 043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF joo)
5 0 047 A VERAGE USIhlG STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

(N E- NEU)/{ N PI-) (UNI TS jo+&-3) (P4}/{Pl )
0 ~ 4 0 3 MU RPHY 64 Hl. BC
oe 34 NAUENBERG 64 HBC
0 4 MILLER 64 FBC
0 ~ 3 COURANT 64 HBC
O ~ O9 BIERMAN 68 HBC

) (0 ~ 08) ANG 1 69 HBC STOP K—
0 ~ 15 COLE 71 HBC STOP K—
0+07 SEC HI ZORN 73 HBC STOP K-
os 06 EB ENHOH 74 HBC STOP K-

EPLACED BY EBENHOH 74 ~

F RQH S T 0 P K — 6/ 66
S TOP ~ K— 10/69
STOP K- 10/69
STOP K— 10/71

~ ~ ~ ~

0~ 44
0 ~ 44

S IGHA-
9

16
16
31

180
A 331 (

57
455

A 601
A ANG 1

R2
R2
R2
R2
R2
RZ
R2
R2
R2
R2
R2
R2
R2 AVG
R2 STUDENT

INTO
1 ~ 0
1 ~ 37
1 15
1
1 ~ 11
1 ~ 02
0 ~ '97
1 ~ 05
1 ~ 09
69 R

6/68
1 0/69
10/71
8/73
1/76
1/76

(LAMBDA E- NEU)/(N P I-) (UNITS jo++-4)
(P5) /(P 1)

STOP ~ K-
S TOP K-
S TOP K-
STOP K-

) HYP ERON BE AM

HYP ERON BEAM

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3 AVG
R3 STUDENT

S I GHA- INTO

COURANT
BARASH
E ISE LE1
BALTAY
HERBERT
THOMPSON

THOMPSON 80.

0 ~ 28
0 12
0 ~ 12
0 09

(0~ 1 j)
0. 10

REPLACED BY

11 0 75
35 0.64
31 0~ 69
31 0.52

H 122 (0 60
H 115 0 63

H I- ERB ERT 78

8/67
1 0/69
4/69
6/78»
2/804

~ ~ 0 ~ ~ ~ ~ ~ ~

0 611 0 052
0 613 0 ~ 058

AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ll) -- SEE HAIN TEXT

~ ~ ~ ~ ~ ~ ~ ~

1 ~ 082 0 ~ 038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
1 ~ 082 0 041 AVERAGE USING STUDENT10(H/lo 11) -- SEE MAIN TEXT

20 SI GMA- MEAN L IFE ( UNITS jo+&-10)

0 ~ 28
0 25
0 17
0.30
0 ~ 06

1.67
1.89
1.35
1.75
1.58
1 ~ 666
2.08)
1 46)
1 ~ 38
1.472l. 485
1.42l. 41
1 463
1 ~ 49
1 480
ERROR
PURELY

0 40
0 ~ 33
0 ~ 32
0.39
0 ~ 06
l3.075

(0 22)
(0 31)
0.07
0 ~ 016
0 ~ 022
0 ~ 05
0 ~ 09
0 ~ 039
0 03
0.014

0 ~ 018 RA
STATI ST

BROWN
EI SLER
CHI E SA
EARKAS
HUMPHREY
CHANG
CHI EN
CHI EN
WHITES IDE
BAR LOUT AU

EI SELE
BAKK ER

0 08 TOVEE
ROBERTSON
CONF GRT 0
MA RRAFF I N

IS ED BY US SEE 19
ICAL.

58 HL BC
58 HL BC
61 ENUL
el EHUL
62 HBC
6e HBc
66 H BC
66 HBC +
68 HBC
69 HBC
70 H BC
71 DBC
71 EMUL
72 HBC
76 HBC
80 HBC

70 EDI TI GNt

T
T
T 45
T 41
T '208
T C 3267
T S 61
T S 64 (
T 506
T 10253
T .1M
T 1383
T
T 2400
T 8437
T 16K
T C CHANG
T S ERROR
T ~ ~

T AVG
T STUDENT

STOP. K-
S TOP K-
6.9 PBAR P
6 ~ 9 PBAR Pt ANTI

STOP ~ K-
K-P 4-1 2 GEV/C
K-P AT REST
K-N TO SIG- 2PI

6/ee
9/67
9/67
6/68

11/69
2/71

10/71
12/71
3/74

11/77
2/8 0'it'

1/73

K-P 25 G E V/C
K-P 1-1,4 GEV/C
K- P TD S I G- P I+
RMP 42t 123{1970)

0 0 0

1.482
1 ~ 4806

0 0 0 ~

0 ~ 3 11 0 ~ 011 AV ERAGE ( ERROR IN CL ~ SCALE FAC TOR OF 1 ~ 3)
0 0093 0 0092 AVG BY STUDENT10(H/1o11) —SEE MAIN TEXT
( S E E IDEOGRAM BELOW )

20 SIGMA- DECAY PARAMETERS

RELATED TEXT SECTION VI 0 AND APPENDIX III
A-
A-
A-
A-
A-
A-
A-
A-
A-
A-
A-
A-
A-

ALPHA

0 6500
0 6068

51000
8 5978

60000
28K

0 CLD
8 BERL

AVG
STUDENT

SIGMA—
(-0 ~ 16)
(-0 010 }
( —0 ~ 104)-0.071
(-0 134)

—0 067
-0 062

RESULTS.
EY 70 REPL

0 4 ~ ~ ~
—0. C6 81
-0 ~ 0681

(0 ~ 21) TRIPP
(0 ~ 043 ) BANGERTER
(oe 04) BERL EY

0 ~ 012 BANGERTER
(0 034) BERL EY

0 011 BOG ERT
' 0.024 HANSL
HAV E SEEN RE PLACED ~

ACED BY BGGERT 70

62 HSC
66 H BC
67 HBC
69 HBC
70 HBC
70 HBC
78 H BC

REPL ~ BY BANGERTE
K-P TO S I G- P I+
K —P TO 5 IG— P I+

K-P AT 400 ME V/C
K-P AT 400 HEV/C
K-P--) S I 6- P I+

7/66
11/67
1 0/69
2/71

12/70
7/79+

2/71
~ ~

0.0077
0.0082

AVERAGE ( ERROR INCLUDES SCAL E FACTOR OF 1 0 )
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

R4 S IGMA — INTO (N PI — GAHMA )/( N PI-) ( UNITS jo~&—3) ( P2) /( Pl)
R4 (1 ~ 1) APPRGXIM BAZIN 65 HBC P I— LT 166 MEV/C 8/67
R4 23 0 10 ~ 02 ANG 2 69 HBC PI- LT 110 MEV/C 10/69
R4 292 0.46 0.06 EBENHOH 73 HBC P I+ LT 150 MEV/C 3/74
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Particle Data Group: Review of particle properties . S101

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

F- PHI ANGLE {SIN( PHI ) /COS(PHI ) =BETA/GAMMA) (DEGREES)
F — Q 1006 (+22. ) (30. ) BERLEY 67 HBC K-P TO SIG- PI+ 11/67
F- 13 85 14. 19 BA NGERT1 69 HBC 1 0/69
F- C1092 + 5. 23 ~ BERLEY 70 HBC NEUTRON RESCATT ll/69
F— C CHANGED FROM -5 TQ +5 TQ AGREE WITH SIGN CONVENTION
F- ~ ~ » ~ ~ ~ ~ ~ ~

F- AVG 10 ~ 3 14 ~ 6 AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 0)
F- STUDENT 10.4 15 8 AVERAGE U SING STUDENT 10 {H/1 1 1) -- SEE MAIN TEXT

BROWN
EISL ER

58 CERN CONF 270
58 NC S ER 10 10 150

BARKAS 61 PR 124 1209
CHIESA 61 NC 19 1171
HUMPHRE Y 62 P R 127 1305
TRIP P 62 PRL 9 66

REFERENCE S FOR SI GMA-

BROWNtGLASER tGRAVESt PERLtCRQNI N + {M ICH)
EISLERtBASSI tCONVERSI+ (COLUtBNLtBGNA t PISA)

BARK AS tDYERt MASQNt NI CKOLS t SMITH ( LRL)
A M CHIESA 8 QUA SS IA TI G RI NAUDO ( TURI N)
W E HUMPHREY t R R RQS S (LRL )
R D TRIPP M WATSON M FE RRO-LUZZI (LRL)

AV G

AV

AV FB
AV FS
AV FS
AV F S 1
AV T
AV 1
AV 8
AV S
AV F
AV T
AV
AV AVG
AV STUD

V/GA FOR S IGMA TO LAMBDA B ETA DECAY ( TE XT SEC VI 0. I. FOR S I GN CONV )
PREDI CTED TQ BE ZERO BY CONSERVEQ VECTOR CURRENT THEORY
45 (0.3). j (0 ~ 30) BA RASH 67 H BC
51 (0 ' 7} ( 0 ' 4) BALTAY 69 HBC U SING SI G+—
81 (+0 ~ 22 ) (0»28) EISELE1 69 HBC
86 0 37 0 20 FRANZINI 72 HBC USING SIG+-
55 -F 17 0 ' 35 TANENBA UM 75 SP EC
15 —0 32 0 ~ 30 THOMPSON 80 AS PK HYP ERON BEAM
BARASH 67 MEASURED ABSOLUTE VALUE.
SIGN CHANGED TQ AGREE WITH OUR CONVENTION ~

FRAN ZINI 72 INCLUDES E VENTS OF BARASH 67t EI SELE1 69 t BALT AY 69»
WE QUOTE TANENBAUM 75 WHICH ASSUMES CVC WK MAG TERM

~ ~ ~ » ~ ~ ~ ~ ~

0 10 0 22 A VE RAGE ( ERROR I NCL UDE 5 SCALE FACTOR OF 1 ~ 5 )
ENT 0.09 0 ~ 19 AVERAGE USING STUDENT10(H/1. 11) -- SEE MAIN TEXT

( SE E IDEOGRAM BELOW )

11/67
4/69

10/68
1/73

lZ/75
2/804

1/73
1/76

i

WEIGHTED AVERAGE = 0.10 + 0.22
ERROR SCALED BY 1.5

BARKAS
BURNSTEI
COURANT
MILL ER
MURPHY
NAUcNBER

BA ZI N

DOSCH
ALSO

SCHliIII DT
BANG ERT E
CHAiVG
CHIEN

BARASH
BER1 EY
BI ERMAN
GERSHWIN
I EPP
WHITESID

ANG 1
ANG 2
BACC ETT
BALTAY
BANG ERTE
PANGERT1

63 PRL 11 26
64 PRL 13 66
64 PR 136 8 1791
64 PL 11 262
e4 pR .134 8 188
64 pRL 12 679

65 PR 140 8 1358
65 PL 14 239
66 PR 151 1081
65 PR 140 8 1328
66 PRL 17 495
66 PR 151 1081
66 PR 152 1171

67 PRL 19 181
67 PRL 19 979
68 PRL 20 1459
68 PRL 20 1270
68 ZPHY 2 14 71
68 NC 54A 537

69 Z PHY 223 103
69 Z PHY 228 151
69 PRL 23 249
69 PRL 22 615
69 UCRL —19244
69 PR 187 1821

H BARKAS t J N DYE Rt H H HECKMAN {LRL)
BURNSTEINtDAYtKEHOEt SEC HI ZORNt SNOW {UMD)
COURANTt F ILTHUTH+ (CERN+HEID+UMD+NRL+BNL )
MILLER t STANNARD t BE ZAGUE T+ ( LOUC t E POL+ 8 ERG)
C THORNTON MURPHY ( W I SCON SI N )
NAUENB ERG t SCHMI DT t MAR AT ECK+ (COLU+RUT G+P R IN I

BAZ INt PLANOt SCHi4l IDT + ( PR IN+RUTG+COL U)
DQSCH t ENGE LMANNt F I LTHUTHtHEPPt KLUG E+ ( HE ID)
C HUNG Y UN C HANG ( COLUMBIA )
P SCHMIDT ( COLUMBIA )
BANGERTERtGALTIERI tBERGEtMURRAY+ . (LRL)
CHUNG YUN CHANG {CO{UMBIA)
+LACHt SANDWEI SSt TAFTt YEHtOREN + (YALE+BNL )

BARASHt GAY t GLASSERt KEHQEtKNOP + (MARYLAND )
BERLEYtHERTZBACH tKOFLER + (BNLt MASAt YALE)
BIERMANt KOUNOSUt NAUENBERG + (PRINCETON)
GERSHWI N ~ ALSTQN-GARNJ QST t BANGERT ER+ ( LRL )
V HEPP t H SCHLEICH {HEI DE LB ERG)
H» WHITESIDEt J GCLLUB {OBERLIN )

ANGt EISELEt ENGELMANNt FILTHUTH + (HEID)
+EBENHORt EI SELEt ENGELMANNt F ILTHUTH+ (HEI 0)
BAGGETTtKEHOEt SNOW ( UNI V MARYLAND j
BALT AYt FRANZ IN It NEWMAN t NORTON+ ( COLUr STON)
ROGER QDELL BANGERTER (THESIS) (LRL I
BANGERTERt GARNJQSTt GALTI ERI t GERSHWIN+ ( LRL I

BARLOUTA 69 NP 814 153
COLLERAI 69 PRL 23 198
E I SEL El 69 ZPHY 221 1
EI sELE2 e9 zpHY 223 487
GERSHWIN 69 UCRL-19246

8 A R L Q U TA UD t 8 E L L E F 0 N t G R A N E T+ ( S A C L+ C ER N+ H E I D )
COLLERAINEt DAYt GLASSERt KNQP+(UNIV MARYLAND)
+ENGELMANN F ILTHUTH FOHLISCH HEPP+ (HEID)
EISELEt ENGELMANNt FILTHUTHt FQHL ISCH+ {HEID)
LAWRENCE KENNETH GERSHW IN (THESIS ) ( LRL )

BERLEY
BQGFRT
EISELE

70 PR Dl 2015
70 PR 02 6
70 Z PHY 238 372

+YAMINtHERTZBACH, KQFLER + (BNLt MASAt YALE)
+LU" ASt TAF Tt WILLI 5 tBERLEY + {BNLt MASAt YALE)
+F ILTHUTHt HEPPt PRE SSERt ZECH (HEIDEl BERG)

THOMPSON BO ASPK
TANENBAUM 75 SPEC
FRANZINI 72 HBC

—1.0 —0.5 0.0 0.5 1.0 1.5
GV~GA FOR SIGMA- TO LAMBDA BETA DECAY

CHISQ
1.9
0.6
1.9
4, 4

(CONLEV
=0.112)

BAKKER 71 LNC 1 37
COLE 71 PR 04 631

ALSO e9 NEVIS-175 THESIS
TOVc E 7 1 NP 833 493

BAl TAY 72 PR D5 1569
BQHiM 72 NP 848 1
ELL I S 72 NP 839 77
FRANZ I NI 72 PR 06 2417
RQBERTSO 72 THESI S

EB ENHOH 73 Z PHY 264 413
FOX 73 PRL 31 1084
SECHI ZQR 73 PR D8 12

+t SABRE COLLAB ( ZE EM+ SAC L+BGNA+REHQ+E FOL j
+LEE-FRANZINIt LDVELESSt BALTAY+ ( STQN, CGLU)
HERBERT NORTON (COLUMBIA)
LOUCt 8 ELGRADEt BERLt BRUX tDUBLIN t WARS COLLAB

+FE INMAN tF RANZ I NI, NE WMANt YEH+ (COLU+S TON)
BERL IN+BELGRADE+BRUX+DU BL IN+LQUC+WAR SA W

OXF+AERE+RHE L+LOQM+LYON+NW ES+ I TEP COLL AbOR
COLUM B IA+HEI DE{ 8 ERG+ MAR YLA ND+ S TONY BROOK
RE M. ROBERTSON ( IIT)
+El SEL Et F ILT HUT Ht HEP P t L EITNER t THOUW+ ( HEI D }
+LAM t CARNE St EI SENSTE IN+ (8NL+V PI+W IL L+W YOM )
8 S ECH I-ZORN t G ~ SNOW ( UMD j

GV FOR SIGMA TO NEUTRON BETA DECAY(TEXT SEC VI 0 ~ I FQR SIGN CQNV )
(0 ~ 05 ) {0 23) ( 0 ~ 3Z ) GERSHWIN 68 HBC REPLACED BY G ER ~ 69 6/68+0. 19 0 ~ 20 0 17 GERSHWIN 69 HBC POLARIZED SIGMAS 10/69-0 33 0.30 0 85 BQGERT 70 HBC K-P AT 400 MEV/C 10/70-0.4 0»5'2 1» 5 ELL I S 72 AS PK POLARIZED SIGMA S 10/71(+0.10 j (0 ~ 11) ELLI S 72 RVUE SUM L IKEL ~ (+SOL ) 10/71(-0 27) (0 13) (0 ~ 17) ELLI S 72 RVUF SUM LIKEL (-SOL) 10/71

LI S 72 HAS COMBINED THE MAXIMUM LIKELIHOODS OF CQLLERA INE 69t 3/72
SELE2 69t GERSHWIN 69t ELLIS 72t AND GETS TWQ POSSIBLE VALUES ~ 3/72

~ » ~ ~ » ~ ~ ~ ~

0. 13 0 ~ 17 AVERAGE (ERROR INCLLIDCS SCAL E FACTOR- OF 1 0 I
0 ~ 13 0.19 AVERAGE USI NG STUDENT10(H/1 11) -- SEE MAIN TEXT

Avl GA/
Avl 57
A V 1 61
AV 1 63
Avl 43
AV1 E
AV1 E
AVl E El
Av 1 F EI
Avl
Av I AVG
AV1 STUDENT

AV2 AB) SQL UTE VA LUE OF GA/GV FOR SI GMA TQ NEUTRON BETA DECAY-
0 ~ 23 0.16 COLL ERA IN 69 HBC NEUTRON SCATTER 10/6933 0 37 0.26 0. 19 E I SE LE2 69 HBC N EUTRON SCATTER .10/6936 0 ~ 29 0 28 0 29 BALTAY 72 HBC NEUTRON SCATTER 6/72

AV2 3507 0 435 0 ~ 035 TANENBAU 74 ASPK
519 0» 17 0 ~ 07 0 ~ 09 - DECAMP 77 ELEC H ~ F. ~ HYPERON BEAM 11/77

AVZ
AV2 A VG 0 385 0 ~ 070 AVERAGE ( ERROR INCLUDES SCAL E FACTOR OF 2 ~ 3 )
AV2 STUDcNT 0 ~ 396 0.041 AVERAGE USING STUDENT10{H/1. 11) —— SEE MAIN TEXT

(SE E IDEOGRAM BELOW )

EB ENHOH
ROBERTS

ALSO
ALSO

TANENBAU
ALSO

DU GAN

TANENBAU
CONFORTQ
DECAMP
HANS L
HERBERT
MARRAFF I
THCMP SGN

BROWN
NI ETQ

74 ZPHY 266 367
74 PRL 32 1265
74 PRL 33 122
75 PR 012 1232.
74 PRL 33 175
75 TANENBAUM

75 NP A 254 396
75 PR 012 1871
76 NP 8 105 189
77, PL 668 295
78 NP 8 132 45
78 PRL 40 1230
80 PR D (TQ BE P'J 8 ~ )
80 PR D (TQ BE PUB ~ )

57 PR 108 1036
68 RMP 40 140

+A SANO tCHENrCHENG tHU t LI DQFS KY+ (

COLO+YALE�

)
TANENBAUMt HUNGERBUEHLER + ( YALE+FNAL+BNL)
+GOP AL t KA{ MU S t LI TCHF I EL Dt ROSS + '( RHEL+L 0 I C )
+BADIERt BLAND, CHOLLE T tGAILLARD+ ( LALQ+E POL )
+MANZt MATT t 8 EUCROFTt SET TL ES + ( MPI M+ V AND)
+CLE LA ND C DOPER DR I S ENGELS + ( PI TT+ BNL )
MARRAFF INQt RIEUCRQFTt RQQ St WATER S+ ( VAND+MPI M)
+CLELANDtCCQPERt DRIS t ENCELS+ (PITT+ENL j

PAPERS NOT REF ERRED TQ IN DATA CARDS

J BROWNt 0 GLASERt M P ER{
M NI ETQ

( M I C H+BNL )
(STON)

+EISELEt ENGELMANNt FILTHUTH tHEPP + (HEID)
W ILL+ VP I+CARN+WYOM+C IT COLL AB0 RAT ION
ERRATUM TO ROBERTS 74
ROBERTSt COX + {WILL+VP I+CARN+WYQM+CIT+BNL)
TANENBAUMt HUNGERBUEHLER + (Y ALE+FNAL+BNL)

WEIGHTED AVERAGE = 0.385 + 0.070
ERROR SCALED BY 2.3 21 SIGMAO {1193tJP=1/2+) I=1

21 (S IGMA —) — ( SIGMAO) MASS DIFF ERENCE (MFV)
01 N SEE NCTE P RECEDING LAMBDA MASS L 1ST INGS

18 4.75
37 4 87
12 5 01

~ » ~ »

4 ~ 860
4 ~ 860
4. 881

01
01
Dl
01
01 AVG
Dl STUDENT
Dl FIT

0 ~ 1
0 ~ 12
0 ~ 12

BURNSTE IN 64 HBC
DOSCH 65 HBC
SCHMIDT 65 HBC SEE NOTE N 3/74

~ » ~ ~

0 076 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 2)
0 077 AVERAGE USING STUDENT10(H/1 ~ 11) —— SEE MAIN TEXT
0 ~ 063 FROM F IT ( ERROR I NCLU DES SCALE FACTOR OF 1 ~ 0 ) 2/80+
( SE E IDEOGRAMi BELOW )

—0.2 0.2

DECAMP 77 FLEC
TANENBRU 74 ASPK
BALTAY 72 HBC

EISELE2 69 HBC
OLLERAIN 69 HBC

CHISQ
7.2
2.1

0.9
10 .2

(CONLEU
=0.006}

21 ( SIG MAO) — ( LAMBDA) MASS DIFF ERENCE (MEV )

DL N SEE NOTE PRECEDING LAMBDA MASS LI STINGS

DL
DL
DL
DL AVG
DL STUDENT
DL F IT

208 76 63
109 76 23

~ »» ~

76 55
76 ~ 55
76» 86

0 28
0,55

~ ~ ~ ~ ~

0.25
0 27
0 08

SCHMI DT
COLAS

65 HBC SEE NOT E N , 6/68
75 HLBC LAMBDA-GAMMA DEC 12/75

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 2/80~

ABS(GAiGU} FOR SIGMA TO N BETA DECAY.

Rev. Mod. Phys. , Vol. 52, No. 2, Part ll, April 1980



S') 02 particie Data Group: Review of particle properties

&table Particles Data Card Listings
For notation, see key at front of Listings.

LIEIBHTED AVERAGE = 4 .E}60 + 0 .076
ERR{jR SCALED BY 1.2

DM 1 ~ 0 CHI EN 66 HBC 6.9 PBAR P

22 {XI-) — (ANTI-XI+} MASS DIFFERENCE {ME V)

9/67

ove of weighted average,
d scale factor are for the
convenience only. The
actually processed by a

ed fit pr og r am, which
its own values of ~,

factor, which are differ-
he va lue s shown here.

MM

MM

MM

MM

MM

AVG
STUDENT

-1 85-1.86

2724 -0» 1
2436 -2. 1

22 XI — MAGNET IC MOMENT (MAGNETONS 938 ~ Z6 MEV)

Z. l
0.8

BINGHAM 70 GSPK — 1 8 GEV/C K-P 2/71
COOL 74 OSPK — 1 8 GEV/C K-P 10/74

22 XI — MEAN LIFE (UNI TS 10+'k-10)

o o ~

0» 75 AVERAGE ( ERROR I NCLUDES S CAL E FACTOR OF 1 »0 )
0 ~ 82 AVERAGE USING STUDENT10(H/I ~ 11) -- SEE MAIR TEXT

4. 4

f1IDT 65 HBC
CH 65 HBC
NSTEIN 64 HBC

CHISQ
1.6
0.0
1 ~ 2=
2.H

(CQNLEV
=0.2493

21 SI GMAQ MEAN L IFE (UNITS 10++-19 SEC)

{E—14 GR LESS)
0 ~ 58 0 13

DAVIS
DYDAK

62 EMUI
77 SPEC PRIM AKOFF EFFECT

iSIGflA-3 —{SIGHA03 BASS DIFFERENCE

6/77
6/7 7

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

H 11
H 18
H (OL

517
62

356
794
246

S 6
299

S
2610

680
4303

S 2436

4286
41K

S THE

A VG
STUDENT

61 HL BC
61 HL BC
SUGGE ST ION OF J R

HUBBARD�]

63 FBC
63 HBC
64 HBC
64 HBC
65 HBC
ee HBC — e.9 PBAR P
66 HBC
68 HBC K-P AT 1 ~ 3-1 8
69 HBC
72 HLBC
74 HBC
74 OS PK
75 DBC
78 HBC
79 SP EC

(3 5] {3 4) (1 23) WANG
( 1» 28) f 0 41) ( 0» 25) FOWLER

D DATA AND LOW STAT ISTICS DROPPED QN
1 86 {}~ 1 5 0, 14 JAUNEAUl.55 0.31 0.31 SC HNE IDER

f 1 77 ) {0~ 12) CARMQNY
1 69 0 07 HUBBARD
1.70 0.12 P J ERROU

(1~ 37] (0 51) CHI EN1.80 0.16 LONDON
(1 ~ 67) (0.07) BURGUN

1 ~ 61 0 ~ 04 DAUBERl. 73 0 ~ 08 0 07 MA YEUR
1.63 0 03 BA LTAY(1.637) ( 0 050) COOL
1»67 0 ' 08 DI BI ANCA

609 0 028 HE MI NGWA Yl. ee 5 0.065 BO URQ IJ I N

ERROR I S STATI ST ICAl. ONlY
» ~ ~ »» ~ » ~

1 ~ 641 0»016 0 ~ 016
1 640 0. 019 0 018

REP BY PJERRQU 65

2 ~ 1 GEV/C K-
1,75 GEV/C K-
1 ~ 8 GEV/C K-P
4 ~ 9 GEV/C K-D

2 GEV/C K- P
HYPERON BEAM

AVERAGE {ERROR IN CL ~ SCALE F AC TQR QF
AVG BY STUDENT10(H/1 11 ] —SEE MAIN

11/67
9/67
6/66
?/71
6/68
1/73
3/74

10/74
1/77
7/79&

12/79+

1'0]
TEXT

21 SIGMAQ PARTIAL DECAY MODES
22 ANT I-X I+ M EAN LIFE ( UNITS 10++-10)

Pl
P2
P3

S I GMA 0 INTO L AiM BOA GAMMA

S IGMA 0 IN TQ LAMBDA E+ E-
S I GMAQ INTO i AMBSA GAMMA GAMMA

DECAY MASSES
1115+ 0
1115+ .5+ .5
1115~ 0+ 0

S
S

S
S

5 (1 51 } (0 55)
12 (1 9) (0 7} (0 ~ 5)
34 1 6 0.3
35 (1 55) fQ ~ 35 j (0 ~ 20)
THE ERROR I S STATI STICAL ONLY

CHIEN 66 HBC + 6.9 PBAR P ANT I 9/67
SHEN 67 H BC ANT I-XI- 10/67
STONE 70 HBC 10/70
VOTRVBA 72 HBC 10 GE V/C K+ P 11/72

21 SI GMAO BRANCHING RATIOS

Rl SI GMAQ IiNTQ(LAMBDA E+ E-)/TQTAI {P2)/(Pl+P2)
Rl (0 00545) THEORET ~ CAL ~ f=EINBERG 58 QUANTUM EL ECT 9/66

REFERENCES FOR SIGMAQ

F E INBERG 58 PR 1 09 1 019
DAVI S 62 PR 127 605
BURiNSTE I 64 PRL 13 66
DQSCH 65 PL 14 239
SCHMIDT 65 PR 140 8 1328

G FEINBERG { BNL ]
D DA VI SgR SETTI o M RA YMONDgG TOMASIN . (EFI )

-BURNSTEINg DAY g KEHGEg SECHI ZORNy SNOW ( UMD)
DO SC H g E NGE LMA NNg F I LTHUTH g IHE PP g KLUG E+ {HE ID )
P SCHMiI DT (COLUMBIA)

R2 SIGMA 0 INTO ( LAMBDA GAMMA GAMMA) / (LAMiBDA GAMMA ) ( P3 )/ ( Pl ) 12/7 5
R2 0 ~ 03 OR LESS CL= ~ 90 COLAS 75 HLBC 12/75

Pl
PZ
P3
p4
P5
Pe
P7
P8
P9
P10
Pl 1
P12
P13

XI — I NTO
X I — INTO
X I- I NTO
XI — I NTO
X I- I NTO
XI- I NTO
XI- I NTO
X I- I NTG
XI- I NTO
XI- INTO
XI- I NTQ
XI — I NTG
X I- INTO

22 XI — PART IAL DECAY MODE S

LAMBDA P I—
LAMBDA E- NEUTRINO
NEUTRON P I—
LAMBDA MU- NEUTRINO
SI GMAO E- NEUTRINO
SI GMAO MU- NEUTRINO
NE UTRQN E- NEUTRI NO
NEUT RCN MU- NEUTRINO
SIGMA- GAMBIA
PRGTCN P I- P I-
PRQTCN PI — E- NEUTRINO
PROTON PI — MU- NEUTRI NO
X I 0 E- NEUTR INO

DE
1115+
1115+
939+

1115+
1192+
1 192+
939+
939+

1197+
93 8+
938+
938+

1314+

CAY MASSE S
139.5+ 0
139
1 Q5+ 0

~ 5+ 0
1 05+. 0

~ 5+ 0
105+ 0

0
139+ 139
139+ 5+
139+ 105+

»5+ 0
CC LAS
DYDAK

75 NP 891 253
77 NP B118 1

+FAR WELL wFERRER e SI X (GRSA)
+NAVARRI A, CVERSETHp ST EF F EN+ (CERN+DORT+HEI 0)

COURANT 63 PRL 13 409

PAPERS NOT REF ERRED TG IN DATA CARDS

COURANT g FI I'THUTH gF RANZI Nl+ ( CERN+UMD+ NRL)

ALFF 65 PR 137 81105 ALFF GE LF AND NAUENBE RG+ (COLUM BI A+RijT G+BNL ) P

22 XI —( 1321'JP=1/2 ) I=1/2

22 XI — MASS {MEV]

QUANTUM NUMBER DETERMiINATIQNS NOT REF ERRED TC IN THE DATA CARDS

Rl
R)
Rl
Rl
Rl
R)
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl.

22 XI — BRANCHING RATIOS

11/67
11/67
11/67
11/67
11/67
e/e8
6/68
e/68
7/75
2/804

155 EFFECT IVE DENOM CARMONY
260 E FFECT I VE DENQ Mo JAUNEAU
2ZO EFFECT IV E DENQM ~ BERGE
155 EFF ECT IVE DENQiM» LONDON
717 EFFECT IVE DENQM ~ TRIPPE
976 EFFECT IVE DENOM ~ HUBBARD
15) (0.90) (0 ~ 55) HUBBARD
68 (RVUE) INCLUDES ALL ABOVE EVE
24 0 ~ 24 YEH
30 0 14 TH GMP SQN

).
0
0
1
0
2 1

tlat

BARD
0 ~

0 ~

63 HBC
63 HBC
66 HBC
66 HBC
67 HBC
68 HBG
68 RVUE
NTS
74 HBC
80 AS PK

H

H HUB
1

11

AVG
STUDENT

HYPERON BEAM
~ ~ ~ ~ ~ o

28 0 ~ 12
28 0 13

AVERAGE ( ERROR I NCI UOES SCAL E FACTOR OF' 1 0 )

A VE RAGE USI NG STUOE NTl Q(H/1 ~ 1 1 ) -- SEE MAIN T'EXT
0 ~

0

XI — I NTO ( LAMBDA E- NEU )/ ( LAMBDA P I-) (UNIT S 10+&-3}
(PZ) / f Pl )

1317.0]
1317.9)
D DATA
1321.4
1321.1
1321 ~ 1

MASSES
1321 ' 3
1321~ 67
1321
1321.87
S LAM BD
1321.12
1321 46

M H 11(
Mi H 18(
M H (QL
M 517
M 62
M 241
Mi ALL
M 149
M 6
M 299

G 195
G USE

M 268
632

M

M AVG
STUDENT

M FIT
THE

~ » ~ ~

13Zl .34
1321 34
1321 32

F IT AS

22 ANTI-XI+ MASS ( ME V)

(2 2) WANG 61 HL BC
{1 9) FQWLER 61 HLBC

AND LOki STAT I ST ICS DROPPED QN SUGGE STION OF J R HUBBARD)
0 ' 4 J AUNEAU 63 FBC
0 65 SGHNEIDER 63 HBC
0 3 BADIER1 64 HBC

ABOVE WERE RAISEO 0 09 MEV BECAUSE LAMBDA MASS RAI SED0.4 P JERRGU 65 HBC
0 52 cHIEN e6 HBc — 6.9 pBAR p

1 LCNDON 66 HBC
0.51 GCLOWA 5 SE 70 HBC . 5 ~ 5 K-P

A MASS CF 1115 58—M{XI ) IS 1322 18 IF M(LAMBDA]=1115 ~ 84
0 41 W I f.Q UE T 72 HL BC
0 ~ 34 DI BIANCA 75 DBC 4 ~ 9 GEV/C K—0

~ » ~ ~ ~

0 ~ 14 AVFRAGE ( ERROR INCLUDES SCALE FACTOR GF 1.0
0 ~ 16 AVERAGF- USING STUDENT 10{H/ lo 1 1) SEE MAIN
0 ~ 13 FROM F IT (ERROR INCLUDES SCALE FACTOR GF 1 0

SUMES X I AND ANT I-XI MASSES EQUAL

11/67
9/67
6/66
8/70
8/70
I/73
1/77

TEXT
2/80+

R2
R2
R?
R2
RZ

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4

X I- INTO ( NEUTRON PI —}/( LAMBDA PI-) (UNITS 10&ok-3 )
(P3) /(Pl}

FFRRG-LU Z 63 HBC
DAUBER 69 HBC
YEH 74 HBC

5 0 OR LESS
1 1 OR LESS

0 3 ' 0 OR LESS CL= 90

6/68
6/68

760 EFF DENOM 7/75

6/68
6/68
7/75
6/784
6/78&
6/78+

TEXT

X I- INTO (S IGMAO E- NEUTRINO)/TOTAL ( UNITS 10'k+-3)
(P5}

66 HBC
69 HBG
74 HBC

3.0 OR I. ESS
0.5 OR LESS
0. 53 OR LESS CL= 90

BERGE
DAUBER
YEH 4363 EFF ~ DENOM ~

e/68
6/68
7/75

X I- I NTO ( L AM BOA MU- NEUTR INC ) /TOTAL ( O'NI TS 10+4-3}
( P4)

12 ~ 0 OR LESS BE RG E 66 H BC
1»3 OR LESS DAUBER . 69 HBC

1 0 ~ 35 0 ~ 35 YEH 74 HBC 2859 EFF OENOM.
H 11 0 31 0 ~ 13 HERB ERT 78 A SPK H YPERON BEAM
H WE HAVE INCLUDED IN THE ERROR A 20 PCNT SYSTEMATI C ERROR IN
H- ADDI T ION TQ THE STATISTICAL ERROR OF 11 QUOTED IN HERBERT 78

~ ~ ~ o ~ ~ o ~

AVG 0 31 0 12 AVERAGE (ERROR I NCLUDES SCALE FACTOR OF 1 0)
STUDENT 0 31 0»13 AVERAGE USING STUDENT10{H/lo ll} -- SEE MAIN

ANT I-X I— 7/66
6 ~ 9 PBAR P ANT I 9/e7

ANT I-XI— 10/'67
10/70

1 0 GE V/G K+ P 11/72

BRCW.N
CHI EN
SHEN
STONE
VOTRUBA

ONLY

62 HBC
66 HBC +
67 HBC
70 HBC
72 HBC

Ml
Ml
Ml S
Ml
Ml

Ml S
Mi I
Ml
Ml
Ml

(1 ~ 3)
0 ' 93

{0»e)
0 ~ 4
0 8

I S STATI ST ICAL

1{1322' 0)
5 1320»69

lZ f 1321,7}
34 1321» 2
35 1321 6
THE ERROR

~ »»
AVG 1321.20
STUDENT1321. 2 J
F IT 1321 ~ 32

THE FIT AS

»»»»
0.33 AV ERAGE ( ERROR INCLUDE S SCA{.E FACTOR GF l. 0 )0.36 AVERAGE USING STUDENT10fH/1 11) -- SEE MAIN TEXT
0 13 FROM F IT ( ERROR INCL UDE S SCALE FACTOR OF 1 0 } 2/80ii'

SU IES XI AND ANTI-XI MASSES EQUAL ~

R5
R5
R5

R6
R6
Rb

XI-

XI—

I NTO I SI GQ MU- NEU) / (LAM PI —) (UNITS 10++-3) (P6 ) /(P 1 i
5 ~ 0 OR LESS BERGE 66 HBC
0 76 QR LESS GL=.90 YEH 74 HBC 3026 EFF DENQM

INTO I N E- NEU) /( LAMBDA P I-l (UNI TS 10ii'if'-3) ( P7) /(Pl )
10» 0 OR LESS CL-" 90 BIiNGHAM 65 RVUE

3 ~ 2 OR LESS CL= 90 YEH 74 HBC 715 EFF.DENOM

7/66
7/75

9/66
7175
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Particle Data Group: Review of particle properties 8103

Data Gard Listings
For notation, see key at front of Listings.

Stable Particles

R7
R7
R7
R7 D

R7 0
R7 D

XI — I NTG l SIGMAO E- NEU + LAMBDA E- NEU )/TOTAL (10++-3)
( P2+ P5)

17 0. 68 0 Z2 DUCLOS 71 OS PK 5 EE NOTE D
THIS EXP ER IMENT CANNOT D I ST INGUI SH SIG MAO F RGM LAMBDA THE CABIBBO
THEORY PREDICTS SIGMAO RATE ABOUT A FACTOR 6 SMALLER THAN THE
LAMBDA. TG GET A VALUE FOR THE TABLE R7 HAS BEEN AVERAGED WITH Rl.

10/71

HEMINGHA 78 NP 8 142 205 HEMI NGWAYg ARNENTEROS+ (CERN+ZEEM+NI JM+QXF )
HERB ERT 78 P RL 40 1230 +CLELANDgCOGPERgDRI S yENGELS + ( PI TT+BNL)
BOURQUI N 79 PL 87B 297 ( BRI 5+ GEVA+HE ID+ORS A+ RH EL+ST RB+C ERN+M EL 8 )
CLELAND 80 PR 0 (TO BE PUB ~ ) +COOPERtDRI StENGELStHERBERT+ l PITT+BNL)
THGNPSON 80 PR 0 (TO BE PUB») +CLELA NDy COOPERS DRISK' EN CEL S+ {PI TT+BNL)

RB
RB

XI — I NTO (N MU — NEU}/(LAMBDA PI-) lUNITS 10&+-3}
0 15 ' 3 OR LESS CL=. 90 YEH 74 HBC

{PS) /{Pl)
150 EFF.DENGM. 11/75

R9
R9

XI — I NTQ ( SIGNA- GAMMA) /( LAM PI-) (UNITS 10++-4) {P9)/ {Pl )
0 11 ~ 5 OR LESS CL= 90 YEH 74 HBC 2000 EFF. DENOM 11/75

23 XI 0( 1314'JP=l/2 ) I=1/2

R10
R10

XI- INTO (P PI — PI —)/(LAMBDA PI-) ( UNITS 10++-4)
0 3 ~ 7 OR LESS CL= ~ 90 YEH 74 HBC

(P10)/(Pl)
6ZOO EFF ~ DENOM ~ 11/75 23 X IO MASS ( MEV )

Rl 1
Rll

R12
R12

XI- INTO {P P I — E- NEU) /( LAM PI —) f UNITS IO++-4) ( Pl 1 ) /(Pl)
0 3. 7 QR LESS CL= ~ 90 YEH 74 HBC 6200 EFF DENOM lj/75

XI — I NTO (P P I — MU — NEU)/(LAM PI-) (UNITS 10&+-4) (P 12) /(Pl)
0 3. 7 OR LESS CL= ~ 90 YEH 74 HBC 6200 EFF. DENQM 11/75

M

M

M

M

M

M

1 1313»4
49 1315» 2

~ ~ » ~

AVG 1314~ 83
STUDENT1314» 84
F IT 1314 91

1 ~ 8
0 ~ 92

~ » ~ ~ ~

0 82
0 91
0 ' 55

PALMER
W I LQUET

68 HBC
72 HL BC

3/68
1/73

AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 11 } -- SEE MAIN TEXT

FROM F IT ( ERROR INCL UDE S SCALE FACTOR OF 1 ~ 0) 2/80+
R1 3
R13

XI — I NTO ( XI 0 E- NEU) /( LAM PI —) (UNITS 10&+-3}
0 2 3 OR LESS CL= ~ 90 YEH 74 HBC

( P13)I (Pl)
1000 EFF»DENQM. 11/75

23 {XI-) — I XI 0) MASS DIFFERENCE {MEV )

22 X I- DECAY PARAMETERS

RELATED TEXT SECT IQN V I D AND APPENDIX I II

23 6 ~ 8
45 (6 1)
88 6 ~ 1
29 6»9

1 ~ 6
(F 6)

0 ' 9
2 ~ 2

JAUNEAU 63 FBC
CARNGNY 64 HBC REP BY PJERFQU 65
PJERRGU 65 HBC 11 /67
LGNDCN 66 HBC 6/66

.ALPHA XI—
(-0 44) {0 12) JAUNEAU 63 FBC

62 (-0 73) (0 23) SCHNEI DE R 63 HBC
240 —0 5 0 ~ 38 EADI ER1 64 HBC
356 —0 62 0 13 CA RMCNY 64 H BC

1004 -0.365 0.068 SERGE 66 HBC
364 -0 47 0 ~ 13 LONDON 66 HBC

(-0.391} {0.032) SERGE Z 66 RVUE(-0.375} (0.051 ) MFRR ILL 68 HBC
—0. 391 0 ~ 045 DAUBER e9 HBc s EE NOTE A BELow
-0 383 0 065 8 INGHAM 70 OSPK-0.42 0 1 1 MAYEUR 72 HL BC 2 ~ 1 GEV/C K-
—0 ~ 376 0 ~ 038 BA LTAY 74 HBC 1 75 GEV/ C K-
-0 ~ 39 0 ~ 05 CGGL 74 OSPK — 1 8 GEV/C K-P
—0 ~ 40 0 ~ 19 DI BIANCA 75 DBC 4 ~ 9 GEV/C K-D
-0 370 0 ~ 032 HEMINGWAY 78 HBC 4 ~ 2 GEV/C K— P
-0 49 0.04 CLEL AND 80 ASPK HYPERON BEAM

GLD DATA NOT INCLUDED IN AVERAGE ~

ERRORS MULTIPL IED BY 1 1 DUE TO APPROXIMATIONS USED FOR XI
POLARIZATION. (SEE DAUBER 69 FOR DETAILED

DISCUSSION�)

LONDON 66 USES ALPHA-LAMBDA = 0 62
DATA QF MERRILL 6S INCLUDED IN DAUBER 68 ~

USED ALPHA LAMBDA = 0.647 +- 0.020
DI BI ANCA 75 US ES ALPHA LAMBDA = 0 647 ~

A

A Q

A Q
A

A

A

A L
A

A N

A

A

A

A

A

A 8
A

A

A 0
A D

A D

A L
A

A A

A B
A

A

A

5 EE NOTE D BE LGH
5 EE NOTE D BELOW
S EE NOTE D BE LOW
5 EE NGT E D BELOW
SEE NOTE D BELOW
S EE NOTE D BELOW

INCLUDES ALL ABOVE

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG -0.403 0 ~ 0 17 A VERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 0 }
STUDENT —0 ~ 398 0 ~ 019 AVERAGE USING STUDENT10(H/1 ~ 11} -- SEE MAIN T

6/68
6/68
6/68
6/68
e/e8
6/68
9/66
6/es

10/70
1/73'
3/74

10/74
1/77
7/79+
2/80+

6/68

1/77

EXT

AVG
STUDENT
F IT

~ ~ » ~ ~ ~ ~ » ~

6 34 0 74
6 ~ 34' 0. 80
6 41 0 ~ 55

AV ERAGE ( ERROR INCLUDES SCALE FAC TOR OF 1 0)
AVERAGE USING STUDENT10(H/I 11) -- 5 EE MAIN TEXT

FROM F IT ( ERROR INCLUDE S SC At. E FACTOR GF 1 ~ 0) 2/80&

23 XI 0 MEAN LIF E ( UNI TS I. O++- 10)

8 469
t~i 1 57
8 652
Z 6300
M MAY

6 BAL
Z ZEC
Z DIF

AVG
STUDENT

P BY P JERHOU 65

75 GEV/C K-P
~ 1 GEV/C K-
75 GE V/C K-

RAL HY P. BEAM

AM L IF ET I NE
—10~

11/67
6/6 8
1/73
I /74
3/74

12/77
1/74
3/74

12/77
12/77

SCALE F AC TGR OF 1 ~ 0)
11 ) —SEE MAIN TEXT

24 3»9 1»4 0 ~ 80 JAUNEAU 63 F BC
45 (3 5) (1»0) {0 8) CARMONY 64 HBC RE

101 2. 5 0 ~ 4 0»3 HU BBARD 64 HBC
80 3 ~ 0 0 ' 5 PJERROU 65 HBC

340 3 ~ 07 0 ~ 2 2 0 ~ 20 DAUBER 69 H BC
I 2» 85) ( 0 ~ 20) (0 ~ 18) BRIDGEWAT 72 HBC I

2 ~ 90 0 32 0. 27 MA YEUR 72 HLBC 2
2 88 0 21 0 ~ 19 BALTAY 74 HBC 1
2 ~ 77 0» lb ZECH 77 5 P EC NEUT

EUR 72 VALUE MODIFIED BY ERRATUM
TA Y 74 INCt. UD ES BRI DGE WAT ER 72 ~

H 77 VALUE IS FOR LAMBDA LIF ETI ME=2 ~ 69E-10. FOR L
FERENT FROM THIS TAUXIO (2.77-(TAULAMBDA-2 69}) E
~ ~ ~ ~ ~ ~ ~ ~ ~

2.903 0 099 0 ~ 093 A VERAGE ( ERROR I NC L.
2 90 0 11 0 ~ 10 AVG BY STUDENT 10{H/1 ~

F
F'

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F AVG
F STUDENT

» ~ ~ ~ ~ ~ ~ ~

2 0 5 ~ 7
2 0 6 2

PHI ANGL E (SIN( PHI }/COS
0 ( —16. 0} (45 ~ 0)
O 62 (45 ~ 0} { 36 ~ 0)

356 54 0 30 0
1004 0 12

L 364 0.0 20.4
M 2529 (9 8} (11»6}

2781 -14» 11
2724 -26 0 30.0
4303 11 0 9 0
2436 5 ~ 0 16 ~ 0

G OLD DATA NQT INCLUDED
D ERRQ RS {ULT IP L I ED BY 1
0 PC LARI ZAT I CN ~ (S EE DAJ

L LC NOON 66 USE 5 ALPHA-L
M DATA OF MERRILL 68 INC
A USED ALPHA LAMBDA = 0 ~

(PHI )=BETA/GAMMA) (DEGREES)
JAUNEAU 63 F BC
SCHNEI DER 63 HBC
CA RMGNY 64 HB C
BE RG E 66 HBC
LONDON 66 HBC
MERRILL 68 HBC
DAUBER 69 HBC
8 INGHAM 70 OS PK
BA LTAY 74 HBC
COOL 74 OSPK

IN AVERAGE
~ 2 DUE TO AP PROX I MAT I ON S USED
BER 68 FOR DETAIL ED DISCUSS IO
ANBDA = 0 ' 62
LUDED IN DAUBER e8.
647 +- 0 020.

S EE NOTE D BELOW
SEE NOTE D BELOW
SEE NOTE D BELOW
S EE NQT E D BELOW
SEE NOTE D BELOW

SEE NOTE A BELOW

1 75 GEV/C K—
1 8 GEV/C K-P

FOR XI
N )

6/68
6168
6/68
6/68
6/68
6/68

10/70
3/74

10/74

g )fcQQQQ Qg +

REF E RENCES FOR X I—

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 1)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10

42K -1~ 20 0» 06 BUNC E 79 SPEC

23 XI 0 PARTI AL DECA Y MODE 5

X IO INTO
Xlo INTO
X IO I NTQ
XIO I NTO
XI 0 I NTG
X IO INTO
XI 0 I NTG
XI 0 I NTO.
XIO I NTG
XI 0 I NTQ

LAMBDA
PROTON
PROTON
SIGMA+
SIGMA-
S I GMA+
5 I GMA-
PROTON
LAMBDA
SI GMAO

P IO
PI-
E- NEU
E- NEU
E+ NEU
MU- NEUTRINO
MU+ NEUTR I NO
NU- NEUTR I NO
GAMMA

GAMMA

D

1115+
938+
93 8+

1189+
1197+
1189+
1197+
938+

1115+
1192+

ECAY MASSES
134
139

5+ 0
~ 5+ 0.5+ 0

105+ 0
105+ 0
105+ 0,

0
0

Z3 X I 0 BRANCHING RATIOS

23 XIO MAGNETIC MOMENT (MAGNETGNSy938 ~ 26 ME V}

I/80~

F QHLE R

WA NG

BROWN

CARNGNY
FERRG-LU
JAUNEAU

AL SG
SC HNE IDE

C ARMCNY
BADI ER1
HU 8 BARD
BI NGHAM

PJ ERROU
PJ E RROU

BERG E
SERGE 2
LONDON
CHIEN
SHEN
TRIPPE

BURGUN
HUBBARD
ME RR ILL

61 PRL 6 134
61 JETP 13 512
62 PRL 8 255

63 PRL 10 381
63 PR 130 1568
63 5 I E NA CONF 4
63 ~L 5 261
63 PL 4 360

64 P RL 12 482
64 DUBNA CONF I 593
64 PR 135 8 183
65 PRSL 285 202
65 PRL 14 275
65 THES IS

66 PR 147 945
66 8 ERK EL EY CONF 46
66 PR 143 1034
66 PR 152 1171
67 PL 25 8 443
67 P RI V COMM

68 NP BS 447
68 PRt 20 465
68 PR 167 1202

F OWL ERy BIRGEy EBERHARDp ELYy GOODgPGWELL+l LRL)
K WANGA T HANGg VI RYASQVg TINGgSOLGVEV+ ( J INR)
BROWNE CUL W ICKgFQHLER gGAILLOUD + ( BNL+YALE)

CARMONY gP JERRGU (UCLA)
FERRO —LUZZ Ig ALSTON'S RQSENFELDg WOJC ICKI ( LRL )
JAUNEAU+ ( EPOL+CE RN+LOUC+RHEL+BERGEN )
JAUNEA Uy+ ( EPGLtCERNr LQUC yRHELy BERGEN)
H S C HN E I DER (CERN)

BERGEg EBERHARD gHUBBARD g MERRILL + ( LRL)
BERGEN' CABIBBQ ( LR Lg CERN( R VUE ) )
LONDQNgRAU gGOLDBERGg L ICHTMAN+( BNL+SYRACUS E )
+LACHES SANDWE

ISSUE

TAFT g YEHgGREN + ( YALE+ BNL)
B»C ~ SHEN' A ~ F IRE5TONE g G ~ GOLDHAB ER lUCB+LRL )
T TRI P PE (UCLA)

+MEYER»PAULI g TALLINI g +
HUBBARD'

BERGEN'

DA UB ER
NERRI LLg SHAFER

(SACL+CDEF+RHEL )
( LRL)
(LRL )J

CARMGNYyPJERRGUg SCHLEINg SLATERy STORK+( UCLA) J
BADI ER g OEMCULI Ng BARL GUT AUD+ (EPOL y SACL g Z EEM }
HUBBARD gBERGEgKALBFLEI SCHWA SHAFER + ( LRL)
H H BI NGHAM l CERN)
+ SCHLEINp SLATERg

SMITHS'

STORKS TICHG (UCLA)
G M PJ ERROU ( UCLA}

Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3

R4
R4
R4
R4
R4

X IO INTO (PROTON P I-) /l LAMBDA
2700 ~ OR LESS

500 ' OR LESS
90 OR LESS

0 180 OR LESS
F 6 OR LESS

P IO) ( UNITS I 0+&-5) ( P2) /( Pj )
TICHG 63 HBC
HUBBARD 66 HBC
DAUBER 69 HBC
YEH 74 HBC
GE WENI GER 75 SPEC

6/68
6/68
6/68

1300 EFF DENOM» ll/75
11/75

XIO INTO {PROTON E- NEU)/(LAMBDA PIO) {

27. 0 OR LESS TICHG
6 0 OR LESS HUBBARD
1 ~ 3 OR LESS DAUBER

0 3 4 OR LESS CL= 90 YEH

UNITS I 0++-3 )
{P3) /{ Pl)

63 HBC
66 HBC
69 HBC
74 H BC

6/68
6/68
6/6 8

670 EFF ~ DENOM ~ 11/75

XIO INTO (SIGMA- E+ NEU)/(LANBDA P IO) (

6. 0 OR LESS
1 5 OR LESS

0 0. 9 OR LESS

HUBBARD
DAUBER

CL=» 90 YEH

UN ITS 10++-3)
{P4) /(Pl )

63 HBC
66 HBC
69 HBC
74 HBC

6/6 8
else
6/68

2100 EFF ~ DENOM ~ 11/75

uNITS I 0+~-3)
(P5)/(Pl)

66 HBC
69 HBC
74 HBC

6/68
e/68

2500 EFF»DENQM ~ 11/75

XIO I NTG ( SIGMA+ E- NEU)/(LAMBDA P IO) (

13~ 0 OR L ESS 7 ICHO
7 0 OR LESS HUBBARD
1 ' 5 QR LESS DAUBER

0 1 ~ 1 OR LESS CL~ »90 YEH

D'JC LC S
MAYEUR
VGTRUBA
WI LQUET

71 NP 832 493
72 NP 847 333
72 NP B45 77
72 P L 428 372

BA LTAY 74 P R D9 49
CQGL 74 PR 010 792

ALSO 72 PRL 29 1630
YEH 74 PR 010 3545
DI BI ANCA 75 NP B98 137

DAUBER 69 PR 179 1262
BI NGHAM 70 PR D I 3010
GOLDWASS 70 PR Dl 1960
STONE 70 PL 32B 515

+BERGEr HUBBARD~ MERRILL' MILLER ( LRL) J
+COOKg HUMPHREYy SANDERs WILLI AMS+ (UCSDr WASH)
GOLDWASSER e SCHULTZ (ILL)
+BERLINGHIERI g BROMBE RGp COHENS F ERBEL +(ROCH)

+FREYT AGg HEINTZ Eg HEINZ ELMAN g JONES+ {C ERN)
+ VAN BI NST WILQUET+ ( BRUX+CERN+TUFT+LQUC)
VGT RUE A g SA FDER p RATCL IFF E ( 8 I R M+ E D I N )
+FLIAGINEv GUYS KNIGHT+ ( BRUX+CERN+TUFT+LOUC )

+BR I DG EW AT ERg COOPERS GER SHW IN+ (CQLU+B ING ) J
+GIACGMELLI g JENKI NS ~ KYCIAgLEGNTICg t. I+ ( BNL)
COOL g GIACQMELL Ig JENK INSyKYC IAg LEGNTI C+( BNL )
+GAI GALAS g SMITHS' ZENDLEg EALTAY + (BING+CGLU )
F ~ A»DI BIANCAg R. J ~ ENDQRF {CARN}

R5
R5
R5
R5

R6
R6
R6
R6

R7
R7
R7
R7

XI 0 I NTQ (SIGNA+ MU- NEU}/TOTAL (UNITS 10++—3) ( P6)
7 ~ 0 QR LESS HUBBARD 66 HBC 6/68
1 ~ 5 OR LESS DAUBER 69 HBC 6/68

0 1 ~ 1 OR LESS CL= 90 YEH 74 HBC 2100 EFF ~ DENOM 11/75

XI 0 I NTO ( S IGMA- NU+ NEU )/TOTAL (UNITS 10++ 3 ) ( P7 )
6 ~ 0 OR I ESS HUBBARD 66 HBC 6/68
1 5 OR LESS DA UB ER 69 H BC 6/68

0 0. 9 OR LESS CL= ~ 90 YEH 74 HBC 2500 EFF»DENON ~ 11/75

XIO INTO (PROTON MU- NEU)/TOTAL (UNITS 10&+-3) (PB)
6» 0 OR LES 5 HU BBARD 66 HBC 6/68
1 3 OR LESS DAUBER 69 HBC 6/68

0 3 5 OR LESS CL~ 90 YEH 74 HBC 664 EFF» DENOM ~ ll/75
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S104 Particle Data Group: Review of particle properties

Stable Particles
=-', n-

Data Card Listings
For notation, see key at front of Listings.

R8
R8

R9
R9

XIO INTO (LAMBDA GAMMA)/(LAM PIO) (UNITS 10¹¹-3) {P9)/(P1)
1 5 5 ~ YEH 74 HBC 200 EF F ~ DENOM 11/75

X I 0 I NTO ( SIGMAO GAMMA) /( LAM PIO) (UNITS 10¹¹-2) (P10 )/(P 1)
0-1 6.5 OR LESS CL=. 90 YEH 74 HBC 60 EFF DE NOM 11/75

24 OMEGA —( 1672 J P=3/2+) I = 0

QUANTUM NUMBERS ASSIGNED FROM SU3
SPIN 1/2 EXCLUDED BY DEUTSCHMANN 78

23 XI 0 DECAY PARAMETER

RELATED TEXT SECTION VI 0 AND APPENDIX III

6/68
6/68
6/68
6/68

1/73
1/73
3/74
7/79¹

1/73
3/74
7/79¹

WEIGHTED AVERAGE = -0.474 * 0.045
ERROR SCALED BY 1.3

A ALPHA XI 0
A —0. 09 0 ~ 46 P JERRCU 65 H BC S EE NOT E 0 BELD'W
A 146 -0 13 0 ~ 17 BERGE 66 HBC SEE NOTE D BELOW
A { 46 -0 2 0, 4 LONDON 66 HBC SEE NOTE 0 BE( OW
A M 490 ( —0 33) (0~ 11) MERRIL{ 66 HBC S EE NOTE 0 BELOW
A A 739 -0 43 0 ~ 09 DAUBER 69 SEE NOTE A BELOW
A B 440 ( —0. 52) (0.09) BRIDGEWAT 72 HBC 1,75 GEV/C K-P
A 1 30 -0.84. 0+ 2 7 MAYEUR 72 HLBC 2.1 GEV/C K-
A 8 652 -0 54 0 10 BALT AY 74 HBC 1.75 GE V/C K-
A U 6075 —0 490 0~ 042 BUNCE 78 SP EC
A A USED AI P HA LAMBDA = 0.647 +- 0 020 ~

A 0 ERRORS MULTI PLIED BY 1 ~ 1 DUE TO APPROX IMAT IONS USED FOR XI
A 0 PQLARIZATICN, (SEE DAUBER 69 FOR DETAILED DISCUSSION)
A L LCNDCN 66 USES ALP HA-{. ANIBDA = 0 ~ 62
A M MERRILL 66 REPLACED BY DAUBER 69
A 8 BRIDGEWATER 72 ERROR PURELY STATI STICAL ~

A 8 BALTAY 74 INCLUDES BRIDGEWAT ER 72
A u BUNCE 78 USES ALPHA-LAMBDA = 0.647
A ~ ~ ~ ~ ~ ~ ~ ~ ~

A AVG -0.474 0 ~ 045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
A STUDENT -0 477 0 ~ 038 AVERAGE USING STUDENT10(H/1 11) -- SEE MAI N TEXT

( S E E IDEOGRAM BELOW )

24 OMEGA — MASS (ME V)

M E
M F
M F
M

M

M

M B.
M B
M D

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M AV
M ST

E
E

F
F
F
F
F
F
F
F
8
0

1(1615+) EI SENBERG 54 EMUL
1 1672, 1 1 ~ FRY1 55 E MUL

1 1670.6 (lo) FRY2 55 EMUL
1 1673 ' 0 8 ~ 0 ABRAMS 64 HBC I NTQ XI — P I 0
3 1673~ 3 1 ' 0 PALMER 68 HBC K-P 4 6g 5. GEV/C
3 1671~ 8 0 8 SCHULTZ 68 HBC K-P 5 5 GEV/C
5 1674 ~ 2 1.6 SCQTTER 68 HBC K —P 6. GEV/C
6( 1e71.9) (1.2 ) SPETH 69 HBC K —P 10. GEV/C

13 1671 t3 0.78 ABCLV 73 HBC K-P 10 GEV/C
4 1673 ~ 4 1 ~ 7 DI BIANCA 75 DBC 4 9 GEV/C K-D

41 1673m 0 0 ~ 8 BAUBILLIE 78 HBC 8 25 GEV/C K-P
27 1671 ~ 7 0 ~ 6 HEMINGWA Y 78 HBC 4 ~ 2 GEV/C K-P
EI SENBERG 54 MASS CALCULATED FOR DECAY IN FLIGHT ALVAREZ 73 HAS
SHOWN THAT THE OMEGA INTERACTED WI TH AG NUCLELS TQ GIVE K— XI AG
BOTH FRY EVENTS IDENTIFIED AS OMEGA- BY AL VAR EZ 73 ~

FRY MASSES ASSUME DECAY TO LAMBDA K- AT REST DECAY FROM ATOMIC
ORBIT COULD DOPPL ER SHIFT THE K— ENERGY 'AND RESULTING OMEGA- MASS
BY SE VERAL MEV FOR FRY 2 ~ THIS SHIFT IS NEGLIGIBLE FOR FRY 1
BECAUSE THE OMEGA DECAY IS APPRQXI MATELY PERPENDICULAP. TO ITS
QRBI TAL VELOCITY AS IS KNOWN BECAUSE THE LAMBDA STRIKES THE
NUCLEUS (L ~ AI VAREZ

'

PRIVATE COMM 1973) ~ WE HAVE CAlCULATED THE
ERROR ASSUMING THAT ORBITAL N IS 4 QR LARGER.
ABCLV VALUE INCLUDES THE SPETH 69 EVENTS
DIBI ANCA 75 GIVES MASS FOR EACH EVENT WE QUQTE AVERAGE ~

~ ~ ~ ~ ~ ~ ~ ~ ~

G 1672+ 22 0 ~ 31 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0 )
UDENT1672. 21 0 36 AVERAGE USING STUDENT10(H/1 ~ 11) —— SEE MAIN T

24 ANTI-OMEGA+ MASS ( ME V )

9/73
9/73
9/73

11/69
1~ /69
11 /69
11/69
12/73

1/77
2/79¹
2 /79¹
9/73
9/73
9/73
3/74
3/74
3/74
3/74
3/74
3/74
3 /7'4

12/73
1/77

EXT

1 1673 ~ 1 1+0 FIRESTONE 71 H'BC 12 GE V/C K+0 3/71

—1.5 —1.0 —0.5

BUNCE
BALTAY
VIAYEUR

DAUBER
-LONDON

-BERNE
PJERROU

1.0

7B SPEC
74 HBC

72 HLBC
69
66 HBC
66 HBC

65 HBC

CHISQ
0.1
0.4
1.H

0.2

4.1

6.8
( CONLEV
=0 .150)

ALPHA FOR XIQ

F PHI
F 146
'F

M 490
F A 739
F 8 440
F 8 652
F A USE
F Q ERR
F D POL
F f~i MER
F 8 BR I
F 0 BAL
F
F AVG
F STUDENT

6/68
6/68

1/73
3 /74.

1 /73
3/74

ANGLE (S IN {PHI )/CQS( P HI ) =BETA/GAMMA ) t DEGREE S)-8 ~ 3 0 ~ BERGE 66 HBC S EE NOT E D BELOW
( 107 0) (46.0) ME RRI LL 66 HBC. S EE NOT E D BELOW

38 ' 19. DAUBER 69 HBC SEE NOTE A BELOW
( 11~ 2) ( )4. 4) BRIDGEWAT 72 HBC 1 ~ 75 GEV/C K-P
16.0 17.0 BALTAY 74 HBC 1,75 GEV/C K-

D ALPHA LAMBDA = 0 ' 647 +- 0 020 '
ORS MULTIPLIED BY 1 2 DUE TO APPROXI MATICNS USED FOR XI
ARIzATICN. {SEE DAUBER e9 FOR DETAILED DlsrussIQN)
RILL 66 REPLACED BY DAUBER 69
0{-:EWAT ER 72 ERROR P UREL Y STAT ISTICAL ~

TAY 74 INCLUDES BRIDGEWATER 72 ~

~ ~ ~ ~ t ~ ~ ~ ~

20 7 11 ~ 7 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
20 ~ 6 13 2

'

AVERAGE USING STUDENT10(H/I ~ ll) —SEE MAIN TEXT

Note on 0 Mean Life

The value of the 0 mean life quoted in our

1978 edition was determined from the result. of two

large-statistics bubble chamber experiments,
DEUTSCHMANN 78 and HEMINGWAY 78, with samples of
101 and 39 events, respectively. The result of
HEMINGWAY 78 is about 2. 5 standard deviations below

that of DEUTSCHMANN 78 (see the Data Card Listings
below). Another recent bubble chamber experiment

with a sample of 40 events (BAUBILLIER 78) obtains
a mean life consistent with the value of HEMINGWAY

78.
This year the first results from the CERN

ALV'AREZ 59 PRL 2 215
JAUNEAU 63 SI ENA CONF 1 1

ALSO 63 PL 4 49
TICHC 63 BNL CONF 410

CA RMONY 64 P RL 12 482
HUBBARD 64 PR 135 8 183
PJ ERRQU 65 PRL 14 275
P JERRQU 65 THES I s

BERG E 66 P R 147 945
HUBBARD 66 UCRL 11510
LC NOON 66 PR 143 1034
MERRILL 66 BERKELEY CONF

ALSO 66 UCRL 16455

REFERENCES FOR X IO

ALVAREZ ~EBERHARDgGQODgGRAZI ANDgTICHO+ {LRL)
J AUN EAU+ ( E POL+C E RN+LOU C+RHEL+ BER GEN )
JAUNEAU+ ( E PQL+CE PN+LOUC+RHEL+ BER CEN)
HAROLD K T ICHO ( UCLA)

CARMONY pP J ERRCUg SCHLE I N g SLA TER g STORK+ ( UCLA)
HUBBARD' BERGEN' KALBFL EISCHg SHAF ER + ( LRL )
+ SCHLEINe SLATERv SMI TH t STORKS T ICHO (UCLA)
G M PJERROU ( UCLA)

BERGE g EBERHARO t HUBBARD y MERRILL + ( LRL)
J RICHARD HUBBARD {THESIS' BERK ELEY) ( LRL)
LONDON g RAU g GOLCB ERG, L ICHTMAN+ ( BNL+SYRACUS E )
MER'RILL, SHAFER BERGE ( LRL)
DEANE MERR ILL {THESIS' BERK EL EY) ( {.RL )

hyperon beam experiment are available. BOURQUIN 79

collected a total of some 2400 0 events and were

able to make a very accurate measurement of the
mean life. Their value is in agreement with

BAUBILLIER 78 and HEMINGWAY 78.
The origin of the discrepancy with DEUTSCHMANN

78 is not known. It could be connected with the

PALMER 68 PL 268 323
DAUB ER 69 PR 179 1262

PALMER' RADOJ

ICICLE

RAUy R ICHARDSON+ ( BNLg SYRA )
+BERGE ~ HUBBARD MERRI LL MIlLER ( LRL)

BALTAY 74. PR 09 49
YEH 74 PR 0 10 3545
GE WENIGE 75 P L 578 193
ZECH 77 NP 8124 413

+BRI DGEWAT ERt COOPERS GERSHW IN+ (COLU+8 ING) J
+GA I GALA Sg SMITH g ZENDLEg BALT AY + (BING+CQLU )
GEWEN I GER p GJESDALp PRE SSER + (CERN+HEID )
+DYDAK ~ NAVARRI A+ ( S IEG+CE RN+DORT+HEI 0)

BUNCE
BUNC E

78 PR D18 633
79 P L 868 386

+HANDL ERyMARCHy MART IN+ (W I SC+MICH+RUTG)
+Q VER SETH t COXg D WORKI N+ ( BNL+MI CH+RUT G+W ISC)

BR IDGEWA 72 NEVI'S 195(THESIS) ALBERT BRIDGEWATER (COLUM 8 IA )
MAY EUR 72 NP 847 333 +VAN 8 INST' WILQUET+ ( BRUX+CERN+TUF T+LOUC )

ALSO 73 NP 853 268 ERRATUM TO MAYEUR 72
WILQUET 72 PL 428 372 +FLI AGI NE vGUY y KNIGHT+ ( BRUX+CE RN+TUFT+LCUC)

fact that the data of DEUTSCHMANN 78 is bubble

chamber data at relatively high energy where

contamination from " decays might present a

problem. In our calculation of the average 0 mean

li fe below, we do not include the value of DEUTSCH-

MANN 78.
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Data Card Listings
For notation, see k, ey at front of Listings.

Stable Particles

T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T 1
T
T 0 16
T
T 1
T 1
T 1

40
T' D 101
T 39
T 2437
T 0 DEU
T D BEC

T AVG

T STUDENT

(1 ~ 63 )
{0 7)
(1~ 4)
(1 85)
{1 5}
(1 20)
{o.oe)
(0 63)
(0 ~ 25 )
( 0. 30)
(0 ~ 71 )
{0 08)
( l. 04)
(2 38}
(1 ~ 39)
(0.135)
(0 ~ 482)
{0. 702)
(0.228 j

O. 80
( l. 41 )

0 75
0. 822

T SCHMANN
AUSE OF S
0 ~ ~ ~

0 ~ 819
0 819

24 OMEGA- MEAN L IFE (UNITS IO'h+- 10 SEC )

ABRAMS
BARN ES 1
BARNE S
COLLEY
RI CHARDS Q
SC HULTZ
SCHULTZ
SCHULTZ
SC OTTER
SCOTT ER
SCOTTER
SCOTT ER
SCOTTER
SC OTTER

(0+31) ABCLV
DI BIANCA
DI BI ANCA
DI BIANCA
DIBIANCA

0.12 BAUBI LL I E
{0 ~ Z4) DEUTSCHMA

0 ~ 11 HEMINGWAY
BGUR QUI N

S EVENTS GF ABCLV
DISAGREEMENT W IT

64 HBC
64 HBC
64 HBC
65 HBC
65 HBC
e8 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
73 HBC
75 DBC
75 DBC
75 DBC
75 DBC
78 HBC
78 HBC
78 HBC
79 SPEC
73. E XC

H OTHER

7/66
7/66
7/66
7/ee
7l 66

11/67
11/67
11/67
6/68
6/68
6/68
6/6 8
6/68
6/68

12/73
1/77
1/77
1/77
1/77
2/794
6/784
2/794

12/ 79)l'
2/804
2/804

K-P 10. G EV/C
4 9 GEV/C K-D
4 ~ 9 GEV/C K-D
4 9 G EY/C K-D
4 9 G EV/C K-D
8 25 GEY/C K-P
1 Or 1 6 GEV/C K- P
4 2 GEV/C K-P
HYPERON BEAM

LUDED FROM AVERAGE
RECENT EXP ERIN ENTS ~

(0 45)

0 ~ 16
(0 15)
0 14
0 ' 028

78 INCLUDE
I GNI F I CANT

E 0 ~ ~

0 ~ 028
0~ 030

0 026 AVERAGE {ERROR INCL SCALE FACTOR OF 1 ~ 0)
0 028 AVG BY STUDENT10(H/1 ~ ll ) -- SEE MAIN TEXT

BAUB I LL I 78 PL 788 342
DEUT SCHM 78 P L 738 S6
HiEMINGWA 78 NP 8142 205
BQURQUI N 79 PL 87B Z97
BOURQUI 2 79 PL 88B 192

WEIGHTED AUERAGE = -0.26 & 0.33
ERROR SCALED BY 1.5

8 AU 8 I LL I ER ( 8 IRM+CERN+GLA S+MSU+LPNP )
DE UTSCHMANN+ (AACH+BE RL+CERN+I NNS+LQI C+V I Ehl )
HEMINGWAYr ARMENTEROS+ (GERN+ZEEM+NI JM+CXF )

( BRI S+GEVA+HE ID+OR SA+RHEL+S T RB+C ERN+MEL B )
( 8 R I 5+ GE VA+HE I D+ORSA+ RHE I+ST RB+C ERN+MEL 8 )

Pl
P2
P3
P4
P5
P6
P7

OMEGA-
G{IEGA-
Q i4IE GA-
ONE GA—
CNEGA-
GMEGA—
GNEGA-

24 OMEGA- PARTI AL DECAY MODES

INTO LAMBDA K-
INTO X IO P I—
INTO XI — PIO
INTO LAMBDA P�-

II�NT

XI — GAMMA

INTO XI&{1530)0 PI-
INTO X IO E- NEU

DEC AY MA SSE S
1115+ 493
1314+ ).39
132 1+ 134
1115+ 139
132 1+ 0
1 533+ 139
1314+ +5+ 0

—1.5 —0.5 0 ~ 5 1 ~ 5

ALPHA FOR OMEGA- TO K-' LAMBDA

GWAY 7B HBC
LLIE 7B HBC
R 74

2.5

CHISQ
0.0
2.B
1.5

3
(CONLEU
=0.116)

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rj
Rl

24 OMEGA- BRA NCHI NG RAT I QS

OMEGA- INTO LAMBDA K-
F 1 EVENT FRY1 55
F 1 EYE hJT FR Y2 55
F BOTH FRY E VENTS IDENTIF IED BY ALVAREZ 73

2 EVENTS PA Lh}ER 68
3 EVENTS SCHULTZ 68
5 EYENTS 1 XI PI DECAY ANB SCCTTER 68

13 EVENTS +2 AMB IG WITH XI-ABCLV 73
2 EVENT S Dl BI ANCA 75

1920 0.686 0 0 13 BOURQUI 2 79

EMUL
EMUL

HBC
HBC
HBC
HBC
DBC
SPFC

K-P 1 0. GEV/C
4 ~ 9 GEVI C K-0
HYPERON BEAM

11/73
11/73
ll/73
11/69
11/69
11/69
12/73

1/77
I/804

R2
R2
RZ
R2
k2
R2

OMEGA- Ihl TG XI 0 P I—
5 EVENTS
3 EVENTS
3 EVENTS + 1 AMiB IG ~ WI TH
2 EVENT S

317 0 234 0 013

PALMER
SCGTTER

SIG-ABCLV
DI BIANCA
BCURQUI 2

68 HBC
68 HBC
73 H BC
75 DBC
79 SPEC

(P2)

K-P 10 G EV/C
4 ' 9 GEV/C K-D
HYPERON BEAM

11/69
1 ll69
12/73

1/77
1/80

R3
R3
R3
R3
R3
R3

CMiEGA- INTO X I—
1 EVENT
1 EVENT
1 EYE NT
1 EVENT

145 0 080-

PIO

0 +008

ABRANS
PALMER
SCOTTER
ABCLV
BOURQU I 2

64 HBC
68 HBC
68 HBC
73 HBC
79 SP EC

K-P 10. GEV/C
HYPERON BEAM

I 1/69
llle9
11/69
12/73

1/8 04

1 /804

1/80+

I/80+

1/80+

24 OMEGA- DECAY PARAMET ERS

RELATED SECTION VI 0 IN .TEXT

AL A L'PH

AL 15
AL 40
Al 40
AL
AL AVG
AL STUDENT

A FOR OMEGA- TQ K- LAMBDA
—0 ~ 66 0 36 0 30 KOCHER 74
0.58 0.50 BAUB ILLI E 78 HRC

-0 2 0 ~ 4 HEM INGWAY 78 HBC
~ ~ ~ ~ ~ ~ ~ ~ ~

-0 ~ 26 0 33 AVERAGE ( ERROR INCLUDE S
-0. 27 0 28 AVERAGE USING STUDENT10(

{ SEE IDEOGRAM BELOW )

8 ~ 25 GE Y/C K- P
4 2 GEV/C K-P

10/74
2/794
2/79%

SCAt E FACTOR GF 1 ~ 5)
H/1 ~ 11) -- SEE MAIN TEXT

R4 OMEGA — INTO (LAMBDA P I- )/TOTAL (UNITS 10++-3) ( P4)
R4 0 (1~ 3) QR LESS CL= ~ 90 BGURQUIZ 79 SPEC

R5 C)){EGA— INTO (X I — GAMMA) /TGT AL (UNITS 10&'I)-3) ( P 5)
R5 0 {3 1) OR LESS CL= 90 BCURQUIZ 79 SPEC

Rb CMiEGA- INTO (XI&(1530)0 PI —) /TOTAL (UN ITS 10)J'+-3) ( Pb)
R6 I 2 APPROX BOURQUI 2 79 SP EC

R7 OMEGA- INTO {XI 0 E- NEU) /TOTAL (UNITS 10+&-2 } {P7)
R7 3 1 ~ APPROX BOURQUIZ 79 SPEC

33 LAMBDA/C+(2260r JP~ )

FOR (S IGMA/C) — (LAMBDA/C) MASS DIFFERENCE SEE
THE SIGMA/C SECTION OF THE BARYON DATA CARO L IST INGS

33 LAMBDA/C+ MASS (ME V)

M C
M S
M S
M K

N 8
M

M

M

M G

M

M C
M C
M C
M C
M C
M

M C
M S
M S
M K
M K

M K
M K
M 8
M 8
N B
M 8
M G

M

M AV
M ST

3/77
3/77
3/77
3/77
3/77

12/79+
7/79+

12/79+
2 /804'
I/804
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3l77
3/77
3/77
3/77
2/804

1 22 60. 20 ~ CAZZOLI 75 HBC + LAMBDA 2PI+ PI-
1 (23 60 ~ } (590 ~ ) SUGIMCTO 75 EMUL INTO SIGMA Pl 0
1(2230. } {5eo. } SUGI MOTO 75 EMUL INTO SIGMA ETAO

60 2260. {10 ~ ) KNAPP 76 SPEC — ANTI LAM 2 PI- PI+
1 ( 2248 } GR NORE BARISH 77 DBC MODE P4 BELOW
1 2295 ~ 15~ ANGELINI 79 HYBR INTO P K- PI+
6 2257 10 ~ BALTAY 79 HLBC + INTO LAMBDA PI+
1 2 254+ 12 ~ CNOPS 79 DBC MODE Pl 1 BELOW

30 22 62 10 ~ GIBGNI 79 SPEC K- P PI+
39 22 E5. 6 ~ ABRAMS 80 SMK2 +- K — P PI+ + C ~ C ~

CAZZOLI 75 IS BNL EXPT ~ SEE S (NEUTRINO P --& MU- LANBDA 3 PI+ PI-)
EVENT WITH M{LAMBDA 4P l)&2426+- 12NEV ~ I ARGE DS&-DQ RATE ( SANE A S
DS=DQ) SUGGESTS CHARM DERUJULA 75 PREDICTS 2 STATES NEAR THIS
MASS WH IC H DECAY STRONGLY BY P I+ E MI SS I ON ( MA SS DIFF 160 A ND 220ME V
FOR THE TWQ STATES ) TQ THE LOWEST MASS CHARMED BARYON THE THREE
POSS I BLE P I+ EMI SS ION MASS DIFF S FOR THI S EVT ARE 338+-12r 327+-12
AND 166+-15NEY ~ W E US E THE LATTER FOR THE ABOVE QUOTED MASS
SUGI MOTO 75 VALUES ASSUME DECAY TRACK IDENT IF ICATION AS S I GMA+- ~

VALUES TAKEN FROM GAISSER 76 TABLE 3 VERY SPECULATI VE INTERP
KNAPP 76 IS FNAL WIDE BAND PHOTON BEAM GN BE TARG THEY SEE PEAK IN
ANTI LAM ZPI- PI+ BUT NOT IN ANTILAM 2PI+ PI- THEY ALSO SEE AN

ANTILAN 2PI+ 2P I- STATE AT 2 ~ 5GEY CASCADING YIA Pl- EMI SSION TO
THE 2~26 G EV STATE ~

BAR ISH 77 IS ANL EXP T SEES GNE DILEPTQN EVENT WHICH IS CONS ISTENT
WITH NEU P —& MU- SIGMA/C++r SIGNA/C++ --& LAMBDA/C+ PI+ AND
LAMBDA/C+ --& P PI — PI 0 KOBAR E+ NEUe THI S I NT ERPR ETAT ION GIVES
ABOV E MASS LIMIT IT IS A VERY SPECULATIVE INTERPRETATIONS
GI BONY 79 RESULT CHANGED FROM 2255 +-4 ~ BY AUTHORS ~ SEE KERNAN 79

~ ~ 0 ~ ~, ~ ~ ~ 0

G 2272 9 6 ~ 5 AVERAGE ( ERROR INC{ UDES SCALE FACTOR OF 1 6)
UDENT2271 ~ 8 5 ~ 9 AVERAGE USI NG STUDE NT1 0 (H/ 1 e 1 1 } S EE MAIN TEXT

( SEE IDEOGRAM BELOW )

WEIGHTED AVERAGE = 2272. 9 + 6.5
ERROR SCI"-ILED BY 1.6

E I SENBE R 54 PR Se 54).
FRY1 55 PR 97 1189
FR Y2 55 NC 2 346

REFERENCE S FGR OMEGA—

Y EI SE NB ERG
FRY) SCHNEP S r SWAMI
FRY r SC HNEPSr SWAN I

{CORNELL )
(WISC)
{WISC)

AB BANS 64
RARNES 1 64
BARNES 2 64
COLLEY 65
RICHARDS 65
SAMI GS 65

PRL 13 670
PRL 1 2 204
PL 12 134
PL 19 152
BAPS 10 115
ARGGNN E CONF 189

F I RESTGN 71 PRL 26 410
ABC LY 73 NP B61 102
AL VAR EZ 73 PR 0 8 702
KGCHE R 74 PL 51 8 193
DI BI ANCA 75 NP 898 137

PALMER 68 PL 268 323
SC HULTZ 68 PR 168 1509
SCOTTER 68 PL '268 474
sp ET' 69 pL 29 8 252

+ BURNSTEINr GLASSER + (UND+NRL )
V E BARNES r CCNNGLLYr CRENNELLr CUL WICK+ ( BNL )
V E BARNE S r CGNNQL LYr C RE NNE L I r C UL WICK+ ( BNL )
COLl EYr DODD +(BIRM+GLAS+LOIC+MPIM+QXF+RHEL)
RICHARDSONr BARNESr CRENNEL+ (BNL+SYRACUSE)
N P SAMIOS ( (RVUE) BNL)

PALMER RADOJICIC RAU RI CHARDSGN+ (BNL SYRA)
SCHULTZ+ ( ILL ARGQNNE NORTHWESTERN WISC )
SCGTTER+ ( 8 I RMr GLAS GQW r LOI Cr MUNI CHr OX F )
SPETH+ {'A A C H EN r BE R I I N r C E R N r LOI C r VIEN)

+GOLDHABERr LI SSAUER r SHELDONr TRILLING (LRL)
AACHEN+BERL I N+CERN+L QNDON+V IENNA COLLA B OR ~

LUIS W ALYAREZ (LBI )
KOCHERr WERNHARD ( I NNS+ VIEN)
F A DI BI ANCA r R ~ J ENDORF (CARN )

2220 2260
LAtiBDA~c+ rIAss

2300

ASS
ONI
PS
T AY

ELINI
ZOLI

2340

80 Sf1K2
79 SPEC
79 DBC
79 HLBC
79 HYBR
75 HBC

CHISQ
4 0
1 ~ 2
2.5
2.5
2 ~ 2
0.4

12.9
(CONLEV
=0.025)
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S'i 06 Particle l3ata Group: Review of particle properties

Stable Particles
A+, HEAVY LEPTON SEARCHES

Data Card Listings
For notation, see key at front of Listings.

T S
T S
T
T S
T S

33 LAMBDA/C+ MEAN (.IFE (UNITS 10¹¹-12 S EC)

1 (4 ~ 5) SUGIMOTO 75 EMUL INTO SIGMA PI 0
1 (0 ~ 68)' SUGI MOTO 75 EMUL INTO SIGMA ETAO
1 0.73 ANGEL INI 79 HYBR I NTO P K- PI+

SUGI MOTO 75 VALUES ASSUME DECAY TRACK IDENT IF ICATION AS S IGMA+- ~

VALUES TAKEN FROM GAISSER 76 TABLE 3. VERY SPECULATIVE ~

33 LAMBDA/C+ WIDTH FROMi MASS SPECTRUM

3/77
3/77

12/79¹
3/77
3/77

Several types of heavy leptons (that is,
non-strongly-interacting fermions other than e

and P) have been proposed. In the Data Card List-
1,2

ings we distinguish four types. ' Each has a

33 LAMBDA/C+ PA RT I AL DECAY MODES

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pll

LAMBDA /C+
L AM BDA/C+
LAMBDA/C+
L AM BOA/C+
L AMBDA/C+
LAMBDA /C+
L AHBDA/C+
LAMBDA/C+
L Ai4lBDA/C+
L AM BD A/C+
L AMBO A /C+

I NTO LAMBDA P I+ PI+ PI-
INTO S I GMA+ P I 0
I NTQ SIGMA+ ETA
I NTO P PI- P I 0 KO E+ NE U

INTO LAHBDA P I+
I NTO P KO BAR
I NT 0 P KOBAR P I- P I+
I NTO K- P I+ P
INTO K¹( 892) 0 P
I NTO K- N¹3/2 ( 1232 )++
I NTQ P K¹ {892) — P I+

DECAY MA SSE S
1115+ 139+ 139+ 139
ll 89+ 134
1189+ 548
93 8+ 139+ 134+ 497+

1115+ 139
93 8+ 497
93 8+ 497+ 139+ 139
49 3+ 1 39+ 938
892+ 938
493+ 1232
93 8+ 892+ 139

W C 60 75. OR LESS KNAPP 76 SPEC — ANTILAM 2P I- PI+ 3/77
W C KhlAP P 76 MEA SURE S hIDTH 40+—20MEV CONS I STE NT W ITH T HEIR EXP T 3/77
W C RESOLUTION (30MEV) FOR A ZERO WIDTH STATE 3/77

corresponding antiparticle with opposite charge

and lepton number. For convenience we omit writing
the antiparticles in the following descriptions.
The four types are:

Sequential Leptons (L , J ). Such a pairL—
is assumed to have its own separately strictly
conserved lepton number n = +1. This means that

L
the radiative decays

hiCTE CN VERY T ENT AT IVE MODE S P 2g P3g AND P4 3/77
'THESE MODES ARE VERY TENTATI VE ~ P2 AND P3 ARE FROM SUGIMOTQ 75 3/77
(SEE GAISSER 76 REVIEW) AND P4 I S FROM BARISH 77. EACH IS FRCM A 3/77
SI NGL E E VENT . 3 /77

L -+e Y

Y

are forbidden

Rl
Rl
Rl
Rl
Rl
R'

LAMBDA/C+ I NTO
1 SEEiN

60 SEEN
2 SEEN

12 SEEN
18 SE EN

( l AMBDA PI+ PI+ PI-) /TOTAL
CAZZOLI 75
Kl APP 76
BA L TAY 79
G IBON I 79
LOCKMAN 79

33 LAHBDA/C+ BRANCHING RATIOS

(Pl )
HBC NE U BROA DBA ND
SP EC NEU WIDEBAND
HL BC NEU SIDEBAND
SPEC P P AT 63 GEV ECM
S PEC P P AT 53' 62 GEV ECM

2/80¹
2/80¹
2/80¹

12 /79¹
12/79¹

while the weak decays (assuming m sufficiently
L

massive)

L ~'J e V
L e

R2
R2
R2
R2
R2

LAMBDA/C+ I NTQ (K- PI+ P)/TOTAL
90 SE EN DRI JARD
98 S EEN G IBQN I
18 SE EN LOCKMAN
39 0 ~ 022 ABRA MS

(P8)
79 SFM P P AT 62 8 GEV ECM 12/79¹
79 SPEC P P AT 63 GEV ECM 12/79¹
79 SPEC P P AT 53' 62 GEVECM 12/79¹
80 SMK2 E+E- 5 2 GEV ECM 1/80¹

R4
R4

L AM BDA/C+ I NTO K- N¹3/2 ( 1232)++
40 SEEN DRI JARD

(Plo)
79 SFM P P AT 52 ~ 5 GEV ECH 12/79¹

R5
R5

LAMBDA/C+ I NTQ ( LAHBDA P I+) (P5)
6 SE Ehl BALTAY 79 HLBC NEU WIDEBAND 2/80¹

R6
R6

LAMBDA /C+ I NTQ (P KOBAR)
5 SEEN

(P6)
BALTAY 79 HL BC NEU WIDE BAND 2/80¹

R7
R7

L AMBDA/C+ I NTO ( P K¹892).— PI+ I
SEEN CNOP S

(Pll)
79 DBC NEU BROADBA ND 2 /80¹

¹¹¹¹¹¹¹¹¹
REFERENCES FOR LAMBDA/C+

R3 LAMBDA/C+ I NTO (K¹( 892) 0 P) (P9)
R3 1 SEEN Al(GEl INI 79 HYBR NEU 300 GE V WIDE 12/79¹
R3 47 SEEN DR IJ ARD 79 S F M P P AT 52 ~ 5 G EV ECM 12/79¹

L ~ 9 hadrons
L

There could be an increasing mass sequence of such

pairs. It is frequently assumed that the neutrinos
are massless.

Decay rates are assumed calculable'from conven-

tional weak interactions theory. For L mass

between 1 and 3 GeV, the branching fraction to each

of the two leptonic modes should be roughly 10-o to

ANGEL I NI
BALT AY
CNOP S
OR IJ ARD
GI BON I
KE RN AN

LOCK MAN

79 PL 848 150
79 P RL 42 1721
79 P RL 42 197
79 PL 858 452
79 PL 858 437
79 LE PTC hi CONF ~ F
79 PL 858 443

CAZZOLI 75 PRL 34 1125
SUGIMOTO 75 PTP 53 1540
KNAP P 76 P RL 37 882
BARI SH 77 PR D)5 1

+CNOPS gCONNOLYg LOUTT IT g MURT AGH+ ( BNl. )
+SATO SAI TO ( TWAS+ TCKY)
+LEEg LEUNGg SMITH + (COLU+HAWA+ILL+FNAL)
+DE RR I CK g DOHB EC K g HU SG RA VE + ( ANL+ PURD )

( ANKA+L IB)-.+CERN+DUUC+LOUC+K EY N+P I SA+ROMA+ )
+CA RQUMBAL I Sy FRENCHY HI BBS HYLTCN+( COL U+BNL)
+CONNOLLY' KAHN' KIRK' HURTAGHpPALMER+ ( BNL)
+F I SCHER+ (CERN+CDEF+DORT+HEI D+LAPP+WARS )
+0IBITONTO+ {AACH+CERN+HARV+MUNC+NWES+UCR)

NAL A K ERNAN { UCR)
+ME YER, RANDE R g SCHLE I N g W EBB+ {UCLA+SACL )

20%. For L mass above 1 GeV, the mean life should
-12

be & 10 sec, too short to be observed in a track
1chamber.

+ p + pParaleptons (E,E ) and (M, M ) . These pairs
ABRAMS 80 PRL 44 10 +ALAR BL GCKE R BQYARSKI+

THEORY AND REVIEW

(SLAC+LBL) have the same lepton numbers as the opposite-charge

ordinary leptons, i.e. , e and P , respectively.
DERUJUl A 75 PR D12 147
GAISS ER 76 P R D 14 3153
LEE 77 PR D15 157
iMULL E R 79 C ERNIE P 79-1 48

+GEORGIAN GLASHOW
T. K.GAI SSERgF ~ HALZEN
+QUI GGp ROSNER
F HULLER (CARGES E LEC ~ 1979)

¹¹¹¹ ¹ ¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

HEAVY LEPTON SEARCHES

(HARV)
( BART+W ISC )

(FNAL)
( CERN )

Radiative decays are again forbidden and decays

similar to those allowed. for L are allowed here,
e.g. ,

+ +
M ~ 'v) e e

or + +
M ~ V

Data on the t (1800) heavy lepton are listed
in a separate section above, following the e and

list ings.
The following section contains information on

However, the lightest member is not stable as is
the case for sequential leptons, so that bizarre
decay schemes such as (assuming m

p
& m +)E

+ p +
E ~ E P V

searches for heavy leptons of other types and
+ +searches for the T in collisions other than e e

+
= e e e

Rev. Mod. Phys. , Vol. 52, No. 2, Part II, April 1980



Particle Data Group: Review of particle properties

Data Card Listings
For notation, see A', ey at front of Listings.

Stable Particles
HEAVY LEPTON SEARCHES

are allowed.

Heavy leptons of this type (and//or a neutral
intermediate boson Z ) are desired in unified gauge

theories of weak and electromagnetic interactions

PROPERTIES GF THE TAU+-( 1800) HEA VY LEPTOhl AND ITS ASSOCIATED
NEUTRINO ARE LISTED SEPARATELY ABOVE FOLLOW ING THE E AND MU

L 1ST INGS THE FOLLOWING SECTION CONTAINS I NFORMAT ION ON SEARCHES
FOR HEAVY LEPTCNS OF OTHER TYPES AND SEARCHES FQR TAU+- IN
CQLLI SION S OTHER THAN E+E- WE LI ST MASS L INI TS AhlD CROSS S ECT ION
UPPER LIMITS REPORT EO AS NEGATIVE SEARCH RE SULTS ~ WE NO LONGE iR

LI ST CROSS SECTIONS FOR THE EST ABL

ISSUED

PROCESS E+ E- --& TAU+ TAU-
AS WAS DONE Ihl GUR 1977 SUPPLEMENT

to cancel unphysical high energy behavior in such
+ + — 3processes as e e ~ N N

Or tholeptons (F and N ) . These have the same

lepton numbers as e and p , respectively. They

may or may not have associated neutral leptons.
Radiative decays are allowed in addition to weak

modes similar to those of sequential leptons. The

radiative mode can dominate or can be relatively
unimportant depending on the model. Decays such

as
F ~ e + hadrons

are also allowed.

Lang-Lived Penetrating Particles. Heavy

leptons could have long mean lives under certain
circumstances. For example, if m & m , then L

VL
the sequential lepton, is completely stable since
its leptan number is canserved.

Experimental Results. The. results are summar-

ized in the Data Card Listings below. Mass limits
for all types are -listed together in subsection N.

Nass information on ''the T (1800) is no longer
included here but has been moved into the new

(1800) section.

Ne no longer list cross sections for anomalous ep
+events in e e collisions. These cross sections

+ +from e e ~ T T whereare consistent with coming

the y (1800) is assumed to be a sp j,n-l/2 Dirac
J

point particle with a mass about 1800 NeV.

References
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The Listings also contain cross-section upper

limits reparted as results of unsuccessful searches.
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M

M

N

M

M

M

M

M

M

M

N

M

M

M

M

M

M

M

M

M

N

M

'M

M

M

M

M

M

M

M

M

M

M

M

N

M

N

M

M

M

M

M

N

M

M

M

M

M

M

M

M

M

M

M

M

N

M

M

M

M

M

M

M

M

N

M

M

M

M

M

M

M

M

M

N

HEAVY LEPTCh MASS LI NITS (GEV )
H 0 1 ~ 0 OR MORE

NONE BETWEEN 12 AND ~ 57
NCNE BFTWE EN ~3 AND .7
NONE BETWEEN 2 AND ~ 92
NCNE BET WE EN +97 AND 1 ~ 03
NONE BET'WEEN ~ ). AND 1 ~ 3
NCNE BETWEEN ~2 AND ib

490 GR NORE
NONE BET WE Eh) .26 AND 1.32
20 ( ~ 424) ( .013) ( ~ 002
22 ( ~ 43 1) ( ~ 004)

0 0 ~ 1 OR NORE
0 0 6 OR MORE
0 2 o2 OR NORE
0 2.0 OR MORE CL) ~ 90
0 ' I ~ 4 OR MORE CL= ~ 95
0 1 0 OR NORE Ci = 95

NQhlE BETWEEN Oo55 AND 4+5
0 2 ~ 4 OR MORE CL= ~ 90

7 8 OR MORE CL= ~ 95
1 ~ 8 OR MORE CL= ~ 90
8.4 OR MORE CL= ~ 90

NONE BETWEEN 0 AND 2 0
0 1 15 OR MORE CL= ~ 95
NONE BETWEEN 0 25 AND 2 ~ 3

2 ~ 4-4i 6
6.9- 8.1
1 ~ 2 OR NORE

10+ 3 OR NORE C L=. 98
0 7 ~ 5 OR MORE
0 9.0 QR NORE

10 0 OR MQR E
12 ~ OR NORE C~ ~ 90

BEHREND 65
BETQURNE 65
BUDNI T Z 66
BARN A 68
BARN A 68
BOLE Y 68
L I BE RN AN 69
RGTHE 69
LI CHTENST 70

) RAMM 70
RAMN 71
ANSORGE ) 73
BACCI 73
BACC I 73
BARI SH 73
BERNARD IN 73
BERNARD I N 73
BUSHNI N 73
EICHTEN 73
HANSGN 73
ASRATYAN 74
BARISH 74
GITTL ESON 74
GR I TG 74
BACC I 77
COX 77
COX, 77
MEYE R 77
ASRATYAN 78
CNQP 5 78
CNQPS 78
ERRIQUEZ 78
HOLDER 78

SPEC
SPEC
5 PEC
CN TR
CNTR
SP EC
QSPK
RVUE
SP EC
HL BC
HLBC
HBC
ELEC
ELEC
ASPK
AS PK
A SPK
CNTR
HLBC
WIRE
HL BC
SPEC
SP EC
ASPK
SP EC
NEUT
CHAR
SNAG

CRT HOEL ECT RON (F )
GRTHOE LECT RON ( F )
CRT HOEL ECT RON ( F )

L CNG-LI VED
L ONG-L I V E D

ORT HGELECT RGN (F )
ORTHQNUQN( N)

QRTHOELECTRGN(F)
0 Q RTHOMUON( N)

ORTHOMU ON ( N)
LONG-LI VED

+- GRTHQEL ECTRON(F )
+- QRTHOELECTRQN(F )
+ PARAMUGN ( M)+- A hY NGN-RAD TYP E
+ — A NY NQN-RAD TYP E

LONG-L I V ED
+ P ARAMUGN ( M)

ORTHOELEC TRON(F )+- ORTHGMUON (N )
+ P ARAMUQN ( N)

ORTHOMUON (hl)
+- A NY NQN-RAC T Y P E
+- ORTHOELEC TRON(F )

R AL-- &MU- MU+NU
GE 0-- &NEUTRAL MU- ANU

0 NEUTRAL
ORTHQMUON (N)
GRTHGMUON (N)

+ P ARAMUON ( M)
HL BC
HL BC
8 EBC

+ P ARAMUON ( M)

COMMENTS
LINI T S APPLY CNLY TQ HEAVY LEPTON TY PE G IV EN IN COMMENT AT RIGHT ON
CATA CARD SEE REVIEW ABOVE FOR DESCRI PTI ON OF TYPES
jN CCMMENTS BELOW' ALL BEANS ARE MU TYPE NEUTRINO OR ANTINEUTRINO ~

L e E p M tF p N STA ND FOR SE QUENTI AL LEPTON e PARA-EL ECTRON g PARA-MUON'
ORTHO-ELECTRON s ORT HO-MUON RE SPEC TI VL Y

BEHR EhlD 65 IS DESY EXP T LOCKS FOR E P--&F P, F--& E GAMMA

THI S MASS LIMIT CORRES PONDS T 0 A L IN) IT ON L AM BDA¹¹2 QF 6 o 25¹10¹¹-4~

BETGURNE 65 I 5 ORSAY EXPT ~ l OOKS FOR E P --&F P. MASS OF 12
CORRESPQhlDS TG COJPL ING CONSTANT L AM BDA¹¹2 GT 0016 MASS OF 57
TO LAMBDA¹¹2 GT ~ 22 ~

BUON ITZ 66 IS CEA EXPT LOOKS FOR E P--&F P ~

BARNA 68 I 5 SLAC PHQTQPRODUCT ION EXPT ~

BOLE Y 68 I S CEA EX PT ~ LOOKS FOR E P & F P ~ MASS OF ~ 1 CORRESPONDS
TO COUPL ING CONSTANT LAMBDA¹¹2 GT 3¹10¹¹-4 MASS LIMIT QF 1 ~ 3 TO
LANBDA¹¹2 GT ~ 01 ~

LIBERNAN 69 IS A BNL EXPT MEASURING MUON BREMSSTRAHLUNG
RGTHE 69 E XAMI NES PREV I GUS D AT A ON MU PAIR PROD AhlD P I AND K DiE CA YS
LICHTENSTEIN 70 I 5 CORNELL EXPT MEASURING E BREMSSTRAHLUNG.
MASS LIMIT DEP ENDS Qhl COUPLING CONSTANT F IRST VALUE ABOVE I S FOR
LAMBDA¹¹2 GT ~ 17 g SECOND I 5 FOR LAMBDA¹¹2 GT .4Z o

RAMM 70 FINDS PEAK IN MU Pl COMBINED MASS PRODUCED BY NEUTRINO
I NTE RACT I CNS HE ALSO CLAIMS EV I DENCE FOR THIS IN KOMU3 DECAYS I N

HBC WHERE PI MU COMBINED MASS PEAKS IN SAME REGION ~ CLARK 72 FINDS
hlO EVIDENCE FOR P I MU PEAK IN HIGH STATI STICS KOL3 E XPT ~

RANN 71 SE ES PEAK I N MU GAMNA COMB I NEO MAS S P RODUCED BY hlEUTR INC S
ANSQRGE 73 LOOKS FOR ELECTRON PAIR PROD AND ELECTRON-LIKE BREMSS
BACC I 73 IS FRASCATI E+E- EXPT~ LOOKS FOR F --& E GAMMA

MASS LIMI T DEPFNDS Ohl COUPLING CGNSTAhlT LAMBDA FOR THI 5 DECAY ~

F I RST VALU E ABQV E IS FOR LANBDA¹¹2 GT 9¹10¹¹- 5e 2ND I 5 FOR
LAMB DA¹¹2 GT 10¹¹-3
BAR I SH 73 IS FNAL 50' 145 GEV NEU E XPT~ LOOKS FOR ( NEU NUCLEOhl
M+ ANYTHING) ~ ASSUMES (N+ —& MU+ NEU NEU) W I TH BR~ ~ 3 ~

BERNARDINI 73 I S FRASCATI E+E- EXPT ~ F IRST VALUE ASSUMES UNIV ERSAL
COUPLING TG ORDINARY LEPTQNS SECOND VALUE ALSO ASSUMES COUPLING
TQ HADRGNS.
BUSHNIN 73 I S SERPUKGV 70 GE V P EXPT MASSES ASSUME MEAN LIFE ABOVE
7E-10 AND 3E-8 RESPECT IVELY CALCULATED FRG)M CROSS SEC( DC BELOW)
AND 30 GEV MUON PAIR PRODUCTION DATA ~

E I CHT Ehl 73 IS CERN 1-10GEV NEU EXP T ~ LOOK S FOR M+ PRODUC ED 1 N

NEU NUCL --& N+ HADRGNS ASSUMING 15 PERCENT DECAY TO E+ NEU NEU ~

HANSON 73 LOOK FQR DEV IATI OhlS FROM QED IN E+ E- --&2 GAMMA THEY
MEASURE THE PRODUCT OF THE F MASS ¹ THE COUPL ING CON STANT LAMBDA y

WHICH IS THE VALUE QUOTED ABOVE ~

ASRATYAN 74 USES E ICHTEN 73 DATA ON NEU NUCL --& E- HADRQNS AND
ANTI NEU hlLI CL --& E+ HA DRONS TO S ET L IN ITS ON ORTH GNU QN PRODUCT( ON

BARI SH 74 I S FNAL 50m 135 GEV NEU EXPTo LOOKS FOR (NEU NUCLEON
N+ ANYTHING) ASSUMES (M+ -- &MU+ NEU hlEU) W I TH BR= 3
Gl TTLESGN 74 I S MU P --& P QRTHOMUQN S EARCH ~ COUPL ING CONST ANT
LAMBDA¹¹2 IS & 01 FOR MASS UP TO 7 GE Vq LIMI T ON LAMBDA¹¹2 RISES
TO & ~ 1 FOR MASS OF 2.0 GEV ~

ORI TO 74 LOOKED FOR H+H- PAIRS G I VlhlG NU-E P AIRS ~ MASS L IMI T REF ERS
TO A hlY NON-RADIAT IVE TYP E HEAVY LEPTON ( Lt E r Nt F t N ~

COUPLING TO HADRON ASSUMED FRQN THEQRET I CAL NCDELS ~

BACCI 77 I 5 SANE TYPE AS BACC I 73~ ) OWER MASS LIN I T CORRESPONDS TG
LANBDA¹¹2 LIMIT GF 4¹10¹¹-5y UPPER VALUE IS FOR LAMBDA¹¹2 LIMIT QF
1.5¹10¹¹-3.
COX 77 ASSUMES TRIMUON FVENTS OF BENVENUTI 2 77 ARE A NEGATI VE HEAVY
LEPTON DECAYING TD A NEUTRAL HEAVY LEPTON NU- NUBARe
MEYER 77 LOOKS FOR NARROW NEUTRAL RESONANCE IN(E PI ) AND( MU P I )
CHANNELS PRODUCE D BY E+E AT 6 ~ 8 6 EV ( ECM ) ~ A SSUMED TO BE DECAY
PRODUCT OF THE TAU SEE SECTION NE BELOW ~

ASRATYAN 78 ANALYZES DEPENDENCE OF N C /C ~ C ~ CN ENERGY OF ASSOC
HADRONS USE S DATA OF HOLDER 77 ( PL 728 254) --NUMU INT ERACT ION S
AT CERN-SP S
CNOPS 78 IS FNAL EXPT LOOKING FQR NEUMU NE --& L+( —) y FOLLQWD BY
L+( —) --& E+(-) NEU NEU
ERR I QUEZ 78 IS C ERN SP S EXPT LOOKS FOR NUNU NUCLEON &NU E+ X ~

FINDS CS FOR PROD'JCING HVY LEPT--& E+ & ~ 7¹10¹¹-3 ¹C ~ C ~ CS ~

HOLDER 78 IS A CERN NEU EXPT LOOKING FOR NEUMU NUCLEON --& MU+ AN&

THIh)G ~ ASSUMES M+ --& MU+ 2NEUMU W ITH BR~0 ~ 2

6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
1/76
1/76
2/74
2/74
2 /74
2/74
3/74
6/77

11/75
7/74

12/77
11/75
12/77
12/79¹
12/79¹
12/77
1/79¹
8/78¹
8/78¹
I/79¹
6/7&¹

3/77
3/77
3/77
3/77
3/77
3/77

6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/ 77
6/77
6/77
6/77
1 /76
1/76
1/76
1/76
3/77
3/77
2/74.
2/74
2/74
2/74
2 /74
2/74
2/76
2/76
6/77
6/77
6/77
2/76
2/76
7/74
7/74

12/77
12/77
12/77
3/74
3 /74
3/74

12/77
12/77
12/77
12 /79¹
12/79¹
12/77
12/77

1/79¹
1/79¹
1/79¹
8/78¹
8/78¹
1/79¹
1/79¹
6/78¹
6/ 7 8)I'

4. F. |Atilczek and A. Zee, Nucl. Phys. 8106,
461 (1976) .

COS
CGS
COS
COS
CGS
COS

C CS MOLOG I CA L L IM ITS ON
NONE 70 EV TO 23 MEV
NONE 30 EV TQ 2 ~ 5 GEV
NONiE 50 EV TO 100 KEV
NONE 3 EV TO 10 GEV

60 GEV GR LESS '

MASS QF NEUTRAL HEAVY LEPTQNS
SATO 77 MASS IVE NEUTRINOS
VY SOT SKI I 77
DICUS 78 RADIATIVE DECAY
SCHRAMM 78
HUT 79 HEA VY NEUTRINOS

12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
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S108 Particle Data Group: Review of particle properties

Stable Particles
INTERMEDIATE BOSON, QUARK SEARCHES

Data Card Listings
For notation, see key at front of Listings.

NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEIJ
NEU
NEU
NEU
NEU
NEU
NEU
NEU
hlE U

NEU
NEU

CC
GC
DC
DC
DC
DC

IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC

HEAV Y LEPTON EVIDENCE ( NEUTR INC NUC. LEON)
SEE ALSO S ECT ION ' Y ' Ihj 'CHARMEO HADRI3N SE ARCHES ' AND

SECTION ' T' I N ' OTHER hjE W PARTICLE SEA RCHE S' .
B 6 TR IHUON EVENT 5 BENVENU1 77 NE UL 5/6NE U, 1/6NEUBA R

E 10 MU+ MU- r 3 MU- MU- EVENTS BENV ENU2 77 NEUL
5' BOSE TTI 78 HYBR
8 BENVENUT1 77 IS FNAL EXPT ~ TRIHUQN EVENTS CAN BE EXPLAINED BY PROD
8 OF A NEW HEA VY LEPTON ——&MU- NEUBAR NEW LIGHT ER LEPT QN —-& MU+ MU-
B NEUTRINO SEE ALSO BENVENUT2 77r ALBRIGHT 77 AND BARGER 77 FOR
8 F URTHER ANAL' SI S ~ HEAV I FR LEPTON HAS H=7 (+3r -11 GE V r L I GHT ER HAS
8 M=3 5(+1 ~ 5r —+41 GE V ~

E BENV EhlUT2 77 IS FNAL EXPT WHICH ANALYSES THE DIMUQN EVENTS THAT ARE
E UNI I KELY TO COME FROM CHARH PRODUCTION BECAUS E QF MUON MOMENT A

E T HEY MAY 8 E EX PL A I NE D BY SAME CASCADE DECAY PROC E SS AS TRI MUON

E E VENT S.
5 BOSETTI 78 ANALYSES MQMENTA OF MUGNS FROM DIHUON EVENTS USING
S ZOO GEV NARROW BAND NEU BEAM AT CERN ~ FINDS (NEUMU P —-& HVY-LEPT) /
5 (NEUMU P --& MU] & 0.06 (90 PCNT CL) WHERE HVY-LEPT --& F.— NU(E)
S NU (HVY-L EP T ) 15 PC NT OF THE TI ME

HEAVY LEPTCN PRODUCTION DIFF ~ CROSS SEC. (P NUCLEON) (CM¹¹Z/SR-GEV)
G 0 1.6E-37 CR LESS CL=.90 GOLQVKIN 72 CNTR- 70GEV P SERPUKHOV
8 0 4 ~ E —38 OR LESS CL= 90 BUSHNI N 73 ChITR — 70G EV P r S ERPUKHOV
G MiASS RANGE 1 TG 4 ~ 5 GE V r THETA=Or P=25 GE Y/C
8 BUSHNIN 73 HEAVY LEPTON PATH TRAVERS ES 6800 GM/CM¹¹2 ABSORBER
8 DIFFERENTIAL CROSS-SECTION MEASURED AT P=30 GEV/C THETA= 2 MRAO

INVARIANT HEAVY LEPTON PROD. CROSS SEC (P NUCLEON& (CH¹¹Z/GEV¹¹2)
S 0 5 ~ 4E-39 OR LESS CL= ~ 90 C RONIN 74 SPEC — M=1 —6 ~ 8 GEV
8 0 6 4E —35 OR LE5S CL= ~ 90 BINTINGER 75 SPEC +- M=1-5 GEV
A 0 1 ~ 8E —33 OR,LE SS CL= 90 ARMI TAGE 79 SPEC M=1 ~ 87 GEV

S CRONIN 74 IS AN FNAL 300 GEV P CU EXP T. LOOKED FOR LCNG LI YED
S PENETRATING PARTICLES ABOVE LI MIT ASSUMES STABL E. MULTIPLY IT BY
S EXP ( 1.22E-8¹M/TAU ) FOR MAS 5 M( GE Y) AND LIF ETI ME TAU( SEC) ~ LI MI T

S CBTAI NEO AT THETA( LAB) = 77 MRAD, PT = 2 38 GFV/C.
B BINT INGER 75 I S A 30—300 GEV P C EXPT LOOKED FGR LONG LIVED
8 PENETRAT ING PA'Rl ICLES ~ ABOVE L IMIT ASSUME S STABLE ~ MULTIPLY I T BY
8 FXP( 3 ~ 5E 8¹M/TAU/P ) FOR MASS M( GEV ) r I IF ET I HE T AU (S EC) r HOM ~ P ( GEV ) ~

8 CBTA INEO AT THETA( LAB) = 91 MiRAD r PT = 1—2 Z5 GEV/C
A ARMI TAGE 79 IS CERN —ISR EX PT AT ECH=53 GEV. VALUE I S FOR X=O AND

A PT= ~ 15.

1 /78
1/78
6/78¹
7/77
7/77
7/77
7/77
7/77
7/77
7/77
7/77
7/77
6/78¹
6/78¹
6/78¹
6/78¹

1/76
2/74
1/76
2/74
3/74

1/76
2/76
7/79¹
2/76
2/76
2/76
4/77
2/76
2/76
2/76
4/77
7/79¹
7/79¹

BE NVENUT
BINT INGE
BACC I
KR ISHNA5

ALSO
AL SO

75 PRL 35 1486
75 PRL 34 98Z
77 PL 71.8 227
75 PL 578 105
75 PRL 35 628
75 PRAMANA 5 78

BENVENUTI rCLINEr FORD+ (HARV+PENN+W I SC+FNAL )
8 INT INGER r CURRY+ (EF I +HA RV+ P E NN+ W I SC )
+DEZORZIr P ENSO, STELLA+ ( ROM A+ F RA S )
KRI SHNA SWAMY r MENON+ ( BOMBAY+OS AK A)
DE RUJULAr GEORGIr GLA SHOW ( HARV)
RAJASEKARANr SARMA {TATA)

FAISSNER 76 PL 60B 401
BARANOV 77 PL 708 269

ALS 0 77 5 JNP 26 57
BENVEhIU1 77 PRL 38 1110

ALSO 77 PRL 38 1187
ALSO 77 PRL 38 1190

BENVENU2 77 PRL 38 1183

+HAS ERT+ ( A ACH+8 ELG+C ERN+E PG I+M I LA+OX F+LCUC I

+VQLKOVrGERSHTEINrIYANILCV + (5ERP )
BAR AND V r VOLKOV r GER SHTE I N ~ I YANI LGV + ( 5 ERP )
BEhjVENUT I,CLI NE+ ( FNAL+ HARV+PENN+RUT G+W I SC )
ALBRIGHTr SHITHrVERHASEREN (F NA L+ STGN)
BARGERr GOTTSCHALK+ (WISC+ZARAGOZA+RHEL)
BEhlVENUT I, CLI NE+ ( FNAL+HARV+P ENN+RUT G+W ISC )

CA VA LLI 5 77
CGX 77
ELLICT 77
MEYER 77
SATQ 77
VY SOT SK I 77

L NC 20 337
PR D16 2897
PR D15 ).851
PL 708 469
P TP 58 j.775
JETPL 26 188

CAVALL I-SFORZAr GGGGI + {P AV I+PRI N+UMD )
PAUL COXrASIM YI LDIZ (UNH+HARV )
+FORTNEY, GGSHAWr LAMSAr LOGS+ (DUKE+ALBA)
+NGUYEN ABRAHS ALAM+ (SLAC+L BL+NWES+HAWA )
+KOBAYASHI ( KYOTO)
VYSQTSKI Ir DOLGOVr ZELDOV ICH { ITEP)

AS RATYAN
BECHI S
BCSETTI
CNOPS
DI CUS
ERRI QUE Z

HOLDER
SCHRAMM

78 PL 768 237
78 PRt 40 602
78 PL 738 380
78 P RL 40 144
78 PR D 17 1529
78 PL 77B 227
78 PL 748 277
78 EFI PREPRINT 7

ASRATYANr KUBANTSE V (I TEP)
+CHANG r DOMBECKr E Lt SWCRTHr GLASS ERr LAU+ ( UMD )
+DEDEN + (AACH+BONN+CERN+LCI C+GXF+SACL)
+CONNOLLY KAHN K IRK HURTAGH + ( BNI +COLU)
+KOLB r TEPL ITZ r WAGCNE R (T EX A+ VP I +S T AN )

BAR I+8 IRM+BRUX+EPQL+RML+SACL+LCUC
+KNOBI OCHr MAY + (CERhl+DQRT+HEID+SACL+BGNA)

8-25DAVI D N SCHRAMH (EF I )

ARM I TAGE 79 NP 8 150 87
BARANOV 79 PL 81 B 261
HUT 79 P L 87B 144

+BENZ r BQBBINK+ {CERN+DARE+FGH+MCHS+UT RECHT )
+I VANILOV, KONYUSHKOr KORABLE V+ ( SERP)
+OL I VE ( AMST ERDAM+ EF I )¹¹¹¹¹¹¹¹¹

INTERMEDIATE BOSON SEARCHES
CN
CN
CN

CN
CN
CN
CN
CN
CN

CN
CN
CN

CN

MM

Ml'

f/, iM

MMi

CP
CP
CP
CP
CP
CP
CP
CP
CP
CP

NEUTRAL HEAVY LEPTChi PRODUCTION CRCSS SECT IDN (CM¹¹2)
K 5 (1 E-37 QR MORE) KRI SHNASW 75 CNTR +0- M=2-5 GEV
8 0 BENV ENUT I 75 SP EC 3
K KR I SHNASWAMY 75 I S KQLAR GOLD MI NE COSMIC RAY EXPT. TYPICAL EVENT
K HAS YERT EX IN AIR 70 CM FROM WALL WITH THREE OBSERVED CHARGED
K TRACKS. AIJTHGRS SUGGEST hJEU+ROCK GIVES NEW PARTI CL E W ITH MEAN L IFE
K 10E-9 SEC GR LCNGER DE RUJULA 75 GIVES ANOTHER INTER PRETATI GN ~

K SEE ALSO RAJAS EKARAN 75.
8 BENVENUTI 75 I S AN FNAL EXPERIMENT WHICH ROUGHLY SIMULATES THE
8 KRISHNASWAMY 75 EXPT ~ BUT APPARENTLY CONTRADICTS IT, FINDING hO

B EVENTS ~ SE NSI T I VE TO DECAY S OF NEUTRAL P ENETRAT IhlG PART I CLE 5
B PRODUCED BY THE Pk I HARY PROTONS OR BY SECONDARY NEUT RING
B INTERACT IQNS IN THE I KM. NEUTRINO BEAM EARTH SHIELD ~

EV I DENCE FOR DEUT RAL HEAVY LE PTQI' PRODUCED IN NE UTR I hlO IN TERAT I CNS
B 1 SEEN BARANOV 77 HLBC 0 SERPUKHQV
A 2 SEEN BARANOV 79 HLBC 0 S ERPUKHQV
8 BARANCV EV ENT INT ERPRETED AS NEU N --& P 2PI 0 NE UTRA L H ~ LEPTON WITH
8 H LE PTGN ——& NIU- E+ NEU MASS=1 ~4-2 1 GEYr TAU LESS THAN OR

8 APPROXIMAT ELY EQUAL 6¹10¹¹-12 SEC ~ EVENT AL SO HAS A POSSIBLE
8 CHARMED PARTI CLE INTERPRETATION
A BARANCV 79 IhICLUDE S BARANOV 77 EYENT ~ OTHE R EVENT MAY BE HEAVY
A LEPTCN WITH MASS 8ETW 1 4 AND 2 ~ 4 GEVr LIFETIME &5¹10¹¹—12 SECr
A DECAYING TG MU- E+ NEU( E)

L'NEXPL AINE D MISSING NEUTRAL (HEAVY LEPTGN7) HGMENTUM /TOTAI MOMENTUM

E 0. 05 0 03 ELLI QT 77 CALO
E ELLIQT 77 IS SLAC 10 ~ 5 GEV P I+ P ——& P NPI+- NEUTRALS. FINDS THAT

E NEUTRAL SPECTRUM CAN BE EX PLAI NEO BY GAMMA r KO, L AMBDAr NEUTRON

NEUTRAL HEAVY LEPTCN PROD. CROSS SEC (PROTON NUCLEON ) (CM¹¹2)
F 0 I ~ E Z9 OR LFSS FAI SSNER 76 HLBC 0
8 0 2 8E-35 OR LESS CL= ~ 90 BECHIS 78 SP EC 0
F FA ISSNER 76 LI MI T ASSUMES STABt E NEUTRAL W FAKLY INTE RACT ING L EPTQN
F ALSO RUL ES OLIT DF RU JULA 75 INTLRP ~ OF 5 KRI SHNASWAMY 75 E VE NTS AS
F ( P NUCLECN --& L+ Xr L+ -& LO X) UNLESS L+ MASS IS ABGVE 3 GEV
B BECH I 5 78 I S 400 G EV F NA L EXP' ~ LOOKS FOR P NUCLEOhl --& L+ r

B L+ ——& LO Xr LO --& MU PI OR E P I ~ RESULT IS CL= ~ 90 FOR MASS OF I 0
8 & I GEVr LIFETIME BETh 10¹¹—10 AND 10¹¹-8 SEC {VALID ONLY FOR CASES
B WHEN LO UNACCOMPAN IED BY MUON OF P&10 GE V. )

2/76
2/76
2/76
2/76
2/76
2/76
8/76
2/76
2/76
3/77
3/77
3 /77

12/77
12/77
7/79¹

12/77
12/77
12/77
12/77
7/79¹
7/79¹
7/79¹

1/78
1/78
1/78

1/77
8/78¹
1/77
1/77
1/77
8/78¹
8/78¹
8/ 78¹
8/78¹

W BOSON MASS LIMITS (GEV)
8 0 ji7 OR MORE CL= ~ 99 BERNARDIN 65 HYBR + NEU Nr CERN
8 0 2 ~ 0 OR NORE CL= ~ 90 BURNS 65 OSPK + NEU Nr BNL
C 0 3i 8 OR MOR E C L= 90 BAR I SH 73 AS PK + W+ TO L EP+hIEU= 2
C 0 4 ~ 5 OR I'IORE CL= 90 BARI SH 73 AS PK + W+ TG LEP+NEU= 5
C 0 4 ~ 7 OR MORE CL= 90 PARISH 73 ASPK + W+ TO LEP+NEU=. 8
E 0 5 ~ 0 OR MORE CL= ~ 95 BERGESON 73 ELEC
U 0 NONE WITH MASS 10-ZO GEV BUSSER 74 WIRE r- —0 P—P r 52 7 GEV CH
A 0 NONE WITH MASS 5 ~ 5-8 5 GEV ABRAMOV 77 CNTR +-
A ABRAMOV 77 I 5 70 GEV P-CU EXPT AT SERP LOOKING AT DI RECT MUQNS OF
A HIGH TRANSVERSE MCM RESULT IS iMGDEL DEP ENDENT ~

B LOOKED FOR {NEU N) TQ ( W+ MU- N) r W+ TO ( MU+ NEIJ r E+ NEUr OR HDRNS )
C BARI SH 73 LOOK ED FOR ( NEU N ) TQ ( W+ MU- N) r W+ TQ ( MU+ NEU) AT NAL

C RE SULT GI VEN FOR THREE ASSUMED BR FRACS W+ T G ( LEPTON NEU) /ALL
E BERGESON 73 LOOKED AT ENERGY DI STR OF NEU —INDUCED MUON FLUX UhDER-
E GROUND. SCALE INYARIANCE QF THE INELASTIC STRUCT FN ASSUMED.
U BUSSER 74 I S CERN I SR EXPT LOOKED FOR ELECTRCNS OF I ARGE
U TRANSYFRS E MOMENTUM R ESUL T QUOTED ABOVE I S MODEL DE PENDENT.

W BOSON PRODUCT IC N CROSS SECTION ( 10¹¹-36 CM¹¹2)
A 0 6 ~ 0 OR LESS ANKENBRAN 71 CNTR +- W TQ( MU NE U) = 1 0
A ANKE NBRANDT 71 LOOKED FOR (P N) TO( W HADRQNS) r W TG ( I U NEJ I AT BNL
A THIS ASSUMES BR OF W TQ MU NEU IS 1 IN GENERAL THI S VALUE I 5
A 6 ~ 0/BRr WHERE BR=(W TQ MU NEUI/(W TO ALL) ~

5 SCALAR BOSON MASS L IM ITS (GEV )
S C 0 10 0 OR MORE CL= 90 CCNVERSI 73 ASPK 0 E+E— FRASCAT I
S C CQNVERSI 73 LOOKED FOR QED VIOLATION IN E+E- SCATTERING AT 2 ~ 8 GEV
S C AND ASSUMED W BGSON MASS= 10 GEV ~ FCR HW= 15 GEVr MS L IMIT= 6. 5 GEV

REFERENCES FOR INTERMEDIATE BOSON SEARCHES

2/74
2 /74
2/74
2/74
2/74
1/76
8/76

12/77
12/77
12/77
2/74
2/74
2/74
1/76
1/76
8/76
8/76

2/74
2/74
2 /74
2/74

3/74
3/74
3/74

NF,

NE

NE
NE
NE

NE

NEUTRAL HEA VY { EPTCN PROD. CROSS SECTION (E+ E-) (CM¹¹Z )
4 ~ 5E-36 OR L ESS CL= ~ 90 MEYER 77 SHAG E+F — 6 ~ 8 GEV (ECM)

H MiE YE R 77 E XPT LOOKS FQR NARROW I'{EUTRAL RESONANCE IN E-P I AND MU —P I
M CHANNELS ~ VALUE GI VEN I 5 FOR MASS OF 5 GE Y r AND I S PRODUCT OF CS¹
M ER(TAU- —& NEW NEUTRAL LEPTON)¹BR(NEUTRAL LEPTON--& E OR MU PI ) IF
M MiASS GF NE UTRAL LE PTON IS I, 5 GEYr LIMIT' BECOMES 2 ~ 5 E-36 S EE S25M

REFER EhlC ES FOR HEAVY LE PTQN SE ARCHE S

12/77
12/77
12/77
12/77
12/77
12/77

BERNARD I 65 NC 38 608
BURNS 65 PRL 15 42
ANKENBRA 71 PR D3 2582

BARISH 73 PR{ 31 180
BERG E SO N 73 P RL 31 66
CCNV EBS I 73 PL 468 269
BUSSER 74 PL 488 371
AB RAMOV 77 S JNP 2 5 41

BERNARDINI rBIENLEI Nr BOHMrDARDELr+ (CERN)
+GQU{ IANOSr HYHANr LEDERMANr LEE + f COL U+BNL)
ANKE NBRAhlDT r LARS E Nr L E I PUNER+ ( BNL+ YAL E )

+BARTLETTr BUCHHOLZr HUMPHREY+ ( CI T+F NAL)
+CASSI DAY r HENDRI CKS (UTAH)
+D'ANGELOr GATTOr PAOLUZI (RGMA)
+CAHILLERI, DI LELLA + (CERN+COLJ+RGCK )
+ANI SIMGVA r BCNOARENKO, GRIDASOV + ( SERP)

BEHREND {5 PRL 1 5 903
BETGURNE 65 PL 17 70
BUDNITZ 66 PR 141 1313
BA RiNA 68 P R 173 1391
BGLEY 68 PR 167 1275

+BRASS Er EN GLER r GA NSSAUGF+ ( DE SY+ KARL)
+NGUYEN NGOC rPEREZ Y JORBA+ (ORSA)
+DUNNING r GGI TE IN r RAH SEY r WALKER, W I LSCN( HARV)
+COXr MART I Nr PERLr TANr TONERr ZIP F+ ( SLAC+ STAN)
+EL I AS rF RI ED MANr HART MAN Nr K ENDALL+ (M IT+CEA )

QUARK SEARCHES

B ERiNARD I
LI BERMAN
ROTHE
LICHTENS
RAMMi

ALSG

69 NCL 1 15
69 PRL 22 663
69 NP 810 241
7G PR Dl 825
70 NATURE 227 132
72 NATURE 237 388

BERNARDINIr F EL ICETTI+ ( F R AS+NAP t.+ R LMA )

+HQFFMANr ENGELS, I MRI E+ (HARY+CASE+MCG!+S LAC)
K.W RQTHEr A H WOLSKY ( PENN)
LICHTENSTEINrASHr BERKELMANr HART ILL+ (CORN )

3 C A. RAHM (CERN)
CLARKr ELICFFr FI ELDr FRISCHr JOHNSON+ ( LBLI

SEARCHES FOR INTEGRALLY CHARGED QUARKS APPEAR ALONG WITH OTHER
SIMILAR SEARCHES IN ' OTHER NEW PARTICLE SEARCHES' SECTION BELOW.

BERNARD I
ALSO

BU SHNIN
ALSO

E I CHT FN
HANSGN

73 NC 1 7A 383
70 LNC 4 11 56
73 NP 858 476
72 P L 428 136
73 PL 468 28 1
73 NCL 7 587

ASRATYAN 74 PL 498 488
BAR ISH 74 PRL 32 1387
CRCNIN 74 PR D10 3093
GI TTLESG 74 PR 010 1379
GR ITC 74 PL 488 165

RAMiMi 71 N AT ~ P H ~ S C 230
GGLGYKI N 72 PL 428 136
ANSGRGE 73 PR D7 26
BACC I 73 PL 448 530
BAR I SH 73 PRL 31 410

145 C. A ~ RAMM (CERN)
+GRACHEVr KHCDYREV r KU BARGVSKY+ (SFRP )
+BAKER rKRZE5 IhlSKI r NEALE r RUSHBROOKE+

(CAVE�)

+PARIS jr PENSOr SALV IN ir STEt LA+ (ROMA+FRA S)
+BARTL E TT r BUCHHQI Z r HUMPI" REY+ (CIT+FNAL )

BERNARDI NI r BO{ LI NI r 8 RUNINI+ (CERN+BGN'A+FRAS )
ALLE S-BORELLI r BERNARDI NI r BOLL I NI+ (C ERN)
+DUNAYTZEVr GQLOVKINr KUBARQVSKY + {SERP)
GOLQVKI Nr GRACHEV r SHODYREV + (5 ERP )
+0 E 0 E N+ ( A AC H+ 8 E L G+ C E R N+ E P 0 L+ M I LA+ LA L0+ L CUC )
+LEQNG r NEW HA Nr LAW r LI TKE+ (M!T+H ARV+CEA+HA IF )

+GERS HTF INr KAFTANOVr KUBANTZ EVr LAP IN+ ( 5ERP )
+BAR TLETTr BUCHHGLZr HERR ITT + (CIT+FNAL)
+FRISCHr SHOCHETr BOYHOND rMERMGD + ( EF I+PRIN)
GITTI ESON, KIRK+ ( HARY+ROCH+CGLU+F NAL)
+VISENTINrCERADINI, CONVERSI + (FRAS+RCMA)

Since the last edi tion, two more instances of
charge +l/3 have been claimed by the Stanford group

(LARUE 79) using magnetic levitation of heat —treated
niobium beads. There has as yet been no independent

confirmation of the existence of free quarks.
The best searches for quarks in cosmic rays

yield upper limits on the flux of quarks of about
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles
QUARK SEARCHES

—11 -2 —1 -110 cm ster sec . Cross-section upper

limit s established from proton acce lerator experi-
1ments and calculations based on production models

imply that free quarks, if they exist, have a mass

greater than about 5 GeV. Mass limits from photon

and electron beam searches are slightly lower, but

more reliable, depending only on the QED calcula-
tions for quark pair production. Limits on free
quark concentrations in stable matter vary enor-

mously depending on the source of matter and the

technique.
The largely negative result of quark searches

does not prove that free quarks do not exist, but

indicates that they are hard to find. De Rujula,
Giles, and Jaffe have considered the question of2

unconfined quarks in a framework of a renormaliz-

able, spontaneously broken version of QCD, and

conclude t:hat: (1) production cross sections are
small, (2) interaction cross sections with nucleons

are very large, and (3) the physical masses of
quarks are probably very large. On this basis,
primordial quarks would be expected to be non-

integrally charged, superheavy nucleon complexes.
Ne group quark searches by experimental tech-

nique —proton beams, photon beams, neutrino beams,

electron beams, cosmic rays, and stable matter.
Proton beam experiments generally measure quark

production cross sections {we quote these in

section C), differential cross-section ratios
(section AF), or differential cross sections
( se ct ion s IC and D) . The photon beam expe rime nt

measure s eros s section per equivalent. quanta

(section DC), and the neutrino experiment measures

the ratio of quark events over total events

(section NEU). Searches with electron beams may

measure differential cross sections (section G) and

set limits on the quark mass (section M). Cosmic

ray experiments measure quark flux (section F), and

searches in stable matter measure quark concentra-
tion (section RHO). Most of the accelerator and

cosmic ray experiments have searched for fraction-
ally charged particles, but some have searched for
massive stable particles which would have low

velocity. The latter searches are usually sensitive
to a range of charges and may appear in the section
below on Other New Particle Searches.

Ne have relied heavily on the review of

L.

2.

3.

C
C
C
C
C
C
C
C

C
C

C

C,
C'
C
C

C
C
C
C

C
C
C

C
C
C
C

C
C
C

C
C

C
C

C

C
C
C
C
C
C
C

C
C
C

C
C
C
C
C
C
C

AF
AF F
AF
AF
AF
AF
AF
AF
AF
AF F
AF
AF
AF
AF
AF
AF

IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC

3Jones for dat a prior to April 1977.

Re ferences

T. K. Gaisser and F. Halzen, Phys. Rev. Dll,
3157 (1975) .
A. de Rujula, R. C. Giles, and R. L. Jaf fe,
Phys. Rev. D17, 285 (1978) ..
L. N. Jones, Rev. Mod. Phys. 69, 717 (1977).

QUARK INVAR IANT PROD+ CROSS SECT. FROM PROTON BEAMS (CM++2/GEV++2 )

0 5 1E-39 OR LESS CL= ~ 90 ANTREASYA 77 SPEC Q= +1/3 M~0—6 3 GE V

0 8 ~ BE —39 OR LESS CL= 90 ANTREASYA 77 S P EC Q= —1/3 H=0-6 .3 GE V
0 1 3E—39 OR L ES S CL= ~ 90 AN TR EASYA 77 SPEC Q= + 2/3 M=O-8 GE V

0 2 2E —39 OR LESS . CL= ~ 90 ANTREASYA 77 S PEC Q= -2/3 M= 0-8 GE V

0 4. E-39 OR LESS CL=.90 STEVENSON 79 CNTR Q= 2/3 M&5 GFV
0 5 o E-38 OR LESS CL~ 90 STEVENSON 79 CNTR Q= 1/3 H&5 GEV

ANTRE ASYAN 77 LOOKS FOR HIGH TRANSVERSE MOM QUARKS IN 400 GEV P-CU
INTERACT IONS AT FNAL e

STEVENSON 79 I S 300 GEV P-CU EXPT AT FNALp S ENS IT IVE TO PARTICLE S
WITH LIFETIMES BETWEEN 2 ~ 5E-5 AND 1 ~ E-3 SEC~

Q UA RK PROD ~ D I FF
0, 1 5E-36 OR
0 3 OE-36 OR
0 7 ~ 2E —39 OR
0 5 2E-38 OR
0 2 6E-35 OR
0 1 ~ 3E-35 OR
0 7 ~ OE-38 GR
0 4 OE —38 OR
0 1 6E-36 OR
0 3 ~ BE-36 OR
0 5.6E-36 OR
0 5 OE-35 OR
0 8 ~ 5E-35 OR
0 1 6E-33 OR
0 5 ' OE-34 OR
0 2 ' OE

—34 OR
0 1 3E-34 OR
0 8 OE-35 OR
0 3 ~ 9E-36 OR
0 2 OE-36 OR

C ROSS S EC ~

LESS
LESS
LESS
LESS
LESS
LESS
LESS

ESS
LESS
LESS
LESS
LESS
LESS
LESS
LESS
LESS
L ESS
LESS
LESS
LESS

CL=. 90
CL= 90
CL= 90
C L=- 90
C L= ~ 90
CL= 90
CL=.90
CL= ~ 90
CL= 90
C L= ~ 90
CL= ~ 90
CL=.90
CLQ ~ 90
CL= ~ 90
CL= 90
CL= 90
CL= 90
CL= 90

FROM PRCTON
DDRF AN
DORF AN

AL LAB Y
AL LABY
ALLABY
ALLABY
ANTIPOV2
ANTIPOV2
ANT IPOY
ANT I POY
NA SH
NASH
NASH
AL BROW
JOVANOV IC
JO VANO VI C
JOVANOVI C

JOYANOVIC
BA LD IN
BAL D IN

1

BEAM EXPTS (CM&+2/SR-GEV )
65 CNTR BE TARG M=3-7GEV
65 CN TR FE T AR G M= 3- 7GE V

69 CNTR Q=-1/3 THETA= 0 MR
69 C NTR Q=-2/3 THE TA~6 ~ 5MR
69 CNT R Q=+ 1/3 T HET A=44 HR
69 C N TR Q=+2 /3 THE T A=44 HR
69 CN TR Q=-1/3 M~ 0- 5GE V

e9 CNTR Q=-2/3 M=0-2. 5GEV
71 CNTR Q=-4/3 THETA=47 MR

71 CNTR Q=-4/3 THETA=47 MR

74 C NTR Q=-1 /3
74 CNTR Q~-2/3 M GT 1 76
74 CNTR Q=-2/3 M LT 1 76
75 SP EC Q=+-4/3 M=5-20 GE V

75 CNTR Q=l/3 H=7-15 GEV
75 CNTR Q=l /3 M=15-26 GEV
75 cNTR Q=2/3 M 10-2e GEv
75 CNTR Q=4/3 H= 10-26 GEV
76 CNTR Q=-2/3 H=j ~ 4—6 GE V

76 CNTR Q=—4/3 N= 2 ~ 7—12GE V

QUARK PRODUCTICN CRCSS SECT FROM PROTON BEAM EXPTS ~ (CM++2)
0 2 ~ OE-34 OR L ESS CL= ~ 90 8 INGHAM 64 HBC Q= —1/3 H= .5-2. OGEY
0 1 ~ OE-34 OR L ESS CL= ~ 90 8 INGHAM 64 HL BC Q= —2/3 M= ~ 5- 2 ~ 5GE V

0 2 ~ OE-35 OR LESS BLUM 64 H BC Q= —1/3 M= 0-2 ~ 5GEV
0 9 ~ 5E-36 OR L ES S HAGOPI AN 64 HBC Q= +1/3 H= 5-2 ~ 5GE V
0 1 ~ OE-34 OR LESS LEIPUNER 64 CNTR Q~ -1/3 M=0-2 OGEV
0 4 ~ OE-34 OR LESS MORRI SON 64 HBC Q= -1/3 M= ~ 5-2 5GEY
0 1 OE-33 OR L ESS MORR I SON 64 HBC Q= -2/3 M= ~ 5-2 ~ 5GEV
0 2 ~ OE-35 OR LESS FRANZI NI 65 CNTR Q= -2/3 M= 0-2 5GEV
0 3..2E-39 OR LESS CL= ~ 90 ALLABY 69 CNTR Q= -1/3 M=2GEV
0 5.5E-38 OR LESS CL= 90 ALLABY 69 CNTR Q"- -2/3 M=2GE V

0 1 BE-35 OR LESS CL= 90 ALLABY 69 CNTR Q= +1/3 M=2GEV
0 1 ~ OE-35 OR LESS CL= 90 ALLABY 69 CNTR Q= +2/3 M 2GEV
0 4~ DE-37 OR L ES 5 CL= 90 ANTI POV1 69 CNTR Q= —2/3 M=0-5GE V
0 3 OE-39 OR LES S C L= 90 AiNTI POV2 69 CNTR Q= -1/3 M=4~ 5-5 GEV
0 3 oOE-37 OR L ES S CL= 90 ANT IPOV2 69 CNTR Q= —2/3 H=2-5GE V
0 1 OE —36 OR LESS C L= 90 ANT I POV 71 CNTR Q= —4/3 H=4GE V

0 3 ~ OE-34 OR LESS BOTT-BODE 72 CNTR Q=+-1/3 N=O-22GEV
0 6 ~DE-34 OR LESS BOTT-BODE 72 CN TR Q=+- 2/3 M= 0-13GE V

0 1 ~ OE 32 OR LESS CL= ~ 90 ALPER 73 SPEC Q= 2/3 H=4 24 GEV
0 1 .OE-32 OR L ES S CL= .90 AL PER 73 SPEC Q= 4/3 lIUI=4 24 GEV
0 1 OE-3 5 OR LESS LE I PUNE R 73 CNTR Q= 1/3 H= 0-12GE V
0 1.0E—35 OR L ESS LEIPUNER 73 CNTR Q= 2/3 H=O-12GEV
0 .5 ~ OE-31 OR LESS L E I PUNER 73 CN TR Q= 4/3 M= 0- 1 2GE V
0 5 ~ OE-39 OR LESS CL= 90 NASH 74 CNTR Q= —1/3 M=4- 9GEV
0 5+DE-38 OR LESS CL= ~ 90 NASH 74 CN TR Q= —2/3 H=4-1 lGE V

' 0 4 OE-35 OR LESS CL= 90 FAB JAN 75 CNTR Q= 1/3 M=O-20 GEV
0 8 OE-35 OR LESS CL=.90 FABJAN 75 CNTR Q= 2/3 M=O-20 GEV
0 1 oOE-35 OR LESS CL= .90 BAS I LEl 78 SP EC Q=+—1/3 H=D-20 GE V

0 I+DE-33 OR LESS CL=+90 BASILEj 78 SPEC Q=+-I/3 N=0-26 GEV
HAGOP IAN 64 CROSS SECT ION INFERRED FROM FLUX DATA ~

FRANZ I NI 65 CROSS SECT ION INFERRED FROM FLUX DAT A

ALL ABY 69 I S A CERN 27 GEV P+BE EXPT STUDI E S MASSES 0-2 7GE V
ASSUMING NN=NNQQ ~ CROSS S ECT IONS ASSUME I SOTROPIC PROD ~ IN C M ~

CROSS SECTIONS AT 2GEV ARE GIVEN HERE ~ SEE FIG ~ 9 FOR MASS DEPEN ~

ANTI POV1 69 IS A SERPUKHOV 70 GE V P E XPT. MA SS LIMI T FROM NN=NNQQo
ANTI POV1 69 AND ANTI POV2 69 ARE S ERPUKHOV 70GEV P EX PTS ~ ANT IPOV2
GI V E S RES JLT S FOR H=2- 5GE V A SSUMI NG NN--&NNQQ HADRONI C OR LE PTONI C
QUAR KS ~ WE QUOTE TYP ICAl VALUES ~

ANTIPOV 71 I S A SERPUKHOV 70 GEV P+AL EXPT ~ STUDIES DI QUARK MASSES
I 9—4.4GEV. WE SHOW 4GEV VALUE~ SEE THEIR FIG ~ 2 FOR MASS DE PEN ~

BOTT-BODENHAUSEN 72 IS A CERN ISR 26+26 GEV P+P EXP ER IMENT
ALP ER 73 I S CERN I SR 26+26 GE V P+P EXP T. ASSUMES I SOTRCiPIC C M ~

PRODUCTION SENSIT IVE TO ANY Q&2/3 ~

LEIPUNER 73 IS AN NAL 300 GEV P EXPERIMENT
NASH 74 IS FNAL EX PT USING 200 AND 300 GE V PROTONS SE E F I G 2 i PG86 I
FOR OTHER MASS VALUES AND VARIOUS PRODUCTION MECHANISMS
FABJ AN 75 I S CERN I SR P+P E XPT I NCLUDE S RESULTS OF BOTT-BODE 72
EXPT ~ RESULTS AR E FOR ECM= 53 GEV ~

BASILEI 78 IS CERN —I SR EXPT WITH ECM=52~5 GEV
THE ABOVE RESULT IS FOR ECM=62 GEVg FROM AN EARLIER EXP (BASI LE 77)

QUARK PRODUCTION FLUX (FLUX QUARKS / FLUX CHARGED PARTICLES)
0 6 2E-10 OR LES S FABJ AN 75 CN TR M =0- 20 GE V

0 1 ~ 78E- S OR LES S CL=i 90 BASI LE 77 SP EC Q= + 1/3 H=O-26GEV
0 1 +05 E-9 OR LESS CL= ~ 90 BAS I LE 77 SPEC Q= —1/3 M= 0-26GE V

0 5 11E-11OR LESS CL= ~ 90 BASI LEI 78 SPEC Q=+-1/3 M=O-2 I GEV
0 4~E—ll OR LESS BDZZOLI 79 CNTR Q=-2/3e 1&M&3
0 2 E-11 OR LESS BOZ ZOL I 79 CNT R Q=-4/3g 2&M&6
0 3 E-ll OR LESS BOZZOLI 79 CNTR Q=+2/3 g 1& M&3
0 3 E-10 OR LESS BDZZOL I 79 CNTR Q=+4/3y 2&M&6

FABJAN 75 REPORTS BOTH FLUX AND CROSS SECTION (ABOVE)
BAS IL E 77 IS A CERN-ISR PP EXP AT ECM= 62 o 2 GE V COVER I NG PT UP TO 1
GEV BASILE 77 FIND ONE QUARK CANDIDATE WITH M .LT ~ 169 GEV ~

THEY DO NOT CLAIM THIS AS A QUARK.
BASILE 78 IS CERN —ISR EXPT WITH ECM=52 5 GEV
BOZZOLI 79 SEARCHED FOR QUAR KS W I TH L IF ET I ME & 1 E-8 S EC IN 200

GEV/C P BE INTERACTIONS USING RF SEPERATOR AS MASS SPECTOMETER ~

3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
1/76
1/7 6
1/76
1/76
2/74
1/76
1/76
1/76
2/74
2/74
1/76
1 /76
2/74
2/74
2/74
2/77
2/77
1/77
1/77
2/794
2/794
3/77
3/77
1/76
1 /76
1/76
2/74
1/76
1/76
1 /76
1/76
1/76
2/74
1/76
1/76
2/74
2/77
2/77
1/77
1 /77
2/794
2/794

2/804
'1/78
1/78
2/79+

12/794
12/794
12/794
12/794

2/78
2/78
2/78
2/79+

I 2/794
12/79~

11/77
11/77
11 /77
1 1/77
12/79&
12 /79%
1 1/77
11/77
'I 2/794
12/79+

2/74
2/74
1/76
1/76
1/76
1/76
1/76
1/76
1 /76
1/76
2/77
2/77
2/77
1/77
2/76

11/75
11/75
11/75
1/77
1 /77
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Stable Particles
QUARK SEARCHES

Data Card Listings
For notation, see key at front of Listings.

DG
DG
DG

NEU
NEO

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

V

H

Q

Q

Q

C
R
R
R
Y

Z

F
F

N

U

X

H

0
V

H

Q
C

R
Z

Y

H

18-~ 995DORFAN 65 IS A 30 GEV/C P EXPERI HENT AT BNL ~

SEE FOOTNOTE Y IN SUBS ECT IQN C ABOVE
SEE FOOTNOTE A I N SUBSECTION C ABOVE ~

F jkST ANTI PQV 71 VAf UE IS FQR M= 1 ~ 9-2 3 2 ~ 7-4 ~ 4GEV SECOND I S FOR
H=Z. 3-2 ~ 7GEV. SEE ALSO NOTE V I N SECTION C ABOVE
NASH 74 IS FNAL EXP T USING 200 AND 300 GEV PROTONS, VALUES ARE FQR
A 1HR AD LAB PROP ANGLE AND OUTGOING MQMENTUH AT HAX OF FOUR BODY
PHASE SPAC E FOR QUARK PAI R PROD ~ SEE TABLE I PG ~ 86 0 FOR OTHER
L IM IT 5
ALBRQW 75 IS A CERN ISR EXPT WITH ECM=53 GEV ~ THETA=40 MR» SEE
F IG ~ 5 FOR MASS RANGES UP TO 25 GEV
JCYANQVICH 75 FIG ~ 4 CQYERS RANGES Q= 1/3 TG 2 AND M~3 TO 26 GEV
THIS IS A CERN I SR 26+ 26t 22+22 GEY P+P EXPERIMENT.
BALD IN 76 IS A 70 GEV SERP EXP VALUE 5 ARE PER Ai NUC LEUS AT
THETA=O ~ ASSUMES STABLE PART ICL E INTERACT ING WITH MATTER IN SAHE
MANNER AS ANTI PROTON ~

QUARK PROD DIFF GROSS SEC ~ FROM PHGTOPRGD (CM++2/SR-EQUIV ~ QUANTA)
5 ~ OE —35 DR L ESS Ci= 90 GA LI K 74 CNTR THETA=1 2 t 7 DEG

GALI K 74 I S 20 GEV (MAX ) GAHMiA CU EXPT USING SLAC 20 GEV SP TRMETER

QUARK PRODUCT IQN IN NEUTR ING BEAH S ( QUARK E VS ~ ITOTAL EVSe )
0 ( 5 OE-3) OR LESS CL= 90 BASILE2 78 Ch)TR NUNU BEAM AT SP S

LIMIT CN QUARK MASS FRQM ELECTRON BEAMS
LEP QUARK I NDI GATES LE PTGNIC QUARK

DISTR QUARK INDICATES STRONG QUARK
e 85 OR NORE CL= ~ 99 BATHQW.90 QR NORE CL=.99 'BATHGW
~ 70 OR MQRE CL= ~ 90 FQSS
~ 84 OR MORE Ci= 90 FOSS

1 0 OR MORE 8 ELL AHY
1 5 OR MORE BELLAHY
0 5 QR MORE 8 ELLAHY

~ 75 OR MORE 8 ELLANY
3 6 OR NORE CL= »90 GALI K

5 OR MQR E C L"- ~ 90 GA L I K
1 4 QR NORE C L= 90 GALI K

1 ~ 8 QR MORE Cl = 90 GALIK
F IRST TWO MASS LIMITS ARE FOR STRQhiGLY I
FRON CROSS-SEC LIMITS USING DRELL MODEL ~

QUARK S. EX PT USES PHOT OPRQDUCT ION ON CQP

67 CNTR Q= 1/3 +L EP QUARK
67 CNTR Q=Z/3 +LEP QUARK
67 CNTR Q=l/3 PLEP QUARK
67 CNTR Q=2/3 +LE P QUARK
68 CNTR Q=1/3 &LEP QUARK
68 CNTR Q=Z/3 +LEP QUARK
68 CNTR Q=l/3 +STR QUARK
68 CNTR Q=2/3 .+5 TR QUARK
74 CNTR Q=l /3 +5 TR QUARK
74 CN(R Q=Z/3 DISTR QUARK
74 CNTR Q=l/3 +L EP QUARK
74 CNTR Q=2/3 +LEP QUARK
NT ERACT ING QUARK St INF ERRED

LAST TWQ ARE FOR LEPTGNIC
PER

CL= 90
CL= 90

ALT= 450M
ALT= 450M
AL T~ 450M

+AS
ALT=3500M
ALTi 3500M

&AS

ALT~750M
AI T=7 50M

CL= 90
Ci= ~ 90
CL= ~ 90
Ci= 90
C L=.90
CL= 90
CL= ~ 95
CL= 90
Ci= 90
CL= 90
CL= ~ 90

QUARK FLUX FRGM COSMIC RAY EXP ERI MENTS (NUMBER/CM&+2-SR-SEC )
&TD IN THE RIGHT HAND COLUMNS INDICATES A SEARCH FOR HASSIYE

QUARK S USING TIME DELAY AFTER AIR SHOWERS, SENSITIVE TC A RANGE
OF CHARGES

+AS IN THE RIGHT HAND COLUMNS INDICATES A SEARCH If% AIR SHOWERS
ALL S EARCHES ARE AT SEA LEYEL UNLESS OTHERWI SE INDICATED

0 1 ~ 6E-8 QR LESS CL= ~ 90 BQWEN 64 CNTR Q=-1/3 ALT=2750M
0 2» OE-7 OR LESS CL= ~ 90 SUNYAR 64 CNTR Q=l /3
0 8 TE-9 QR LESS CL=»90 DELISE 65 CNTR Q~l/3 ALT~2750M
0 1 SE-8 OR LESS Ci= 90 DELOUSE 65 CNTR Q=2/3 ALT=Z750H
0 5 OE-8 GR LESS CL= ~ 90 HASSAH 65- CNTR Q=2/3
0 1 4E 10 OR LESS BARTGN 66 CNTR Q=2/3
0 1 ~ 5E-9 OR L ES5 BUHLER-BR 66 CNTR Q=l /3 ALT= 450M
0 1 4E-9 OR LESS BJHLER-BR 66 CNTR Q~2/3 ALT~ 450M
0 2 6E-9 QR LE SS KASHA 66 CNTR Q=l/3
0 2 ~ 1E-9 OR L ESS KA SHA 66 CNTR Q=2/3
0 4»5E- 10 GR LESS Ci= »90 ( ANB 66 CNTR Q=1/3
0 1 6E-9 OR LESS CL= ~ 90 LANB 66 CNTR Q=2/ 3
0 1 ~ 4E—10 GR LESS BARTON 67 CNTR Q~Z/3
0 1 6E-7 OR LESS BUHL ER-1 67 C NT R Q=4/ 3
0 4 5E-10 OR LESS CL=»90 BUHLER-2 67 CNTR Q 1/3
0 1 TE- 10 OR LESS BUHLER-2 67 CNTR Q=2/3
0 1 ~ 7E-10 OR LESS CL= ~ 90 GOMEZ 67 CNTR Q=l/3
0 3 4E-10 OR L ES5 CL= 90 GCNEZ 67 CNTR Q=2/3
0 2 OE-9 OR LESS CL~ ~ 90 KASHA 67 CNTR Q=2/3
0 3 OE-10 OR LESS 8 JGRNBGE 68 CiNTR H=5GEV OR MORE +TD
0 1 e BE-10 OR LESS CL= ~ 90 BR IATORE 68 CNTR Qi= 1/3
0 1 SE-10 QR LESS CL= 90 BRIATGRE 68 CNTR Q=Z/3
0 3 7E-8 OR LESS CL= 90 . BRIATGRE 68 CNTR Q=4/3
0 2.2E-8 OR LESS FRANZINI 68 CNTR V=. 5- ~ 9C M=ZGEV UP
0 6 6E-11 QR LESS CL= ~ 95 GARNIRE 68 CNTR Q=l/3
0 8 SE-11 OR LESS CL= 95 GARHIRE 68 CNTR Q 2/3
0 3 1E-10 OR LESS CL=.90 HANAYAHA 68 CNTR Q=l/3
0 2 4E-8 OR LESS C L= 95 KASHA 1 68 QSPK V= ~ 5 —» 75C M=5-15GEV
0 1 2E-10 OR LESS CL~ ~ 90' KASHA2 6S CNTR Q=2/3
0 1 ~ 3E-10 QR LESS CL= 90 KASHA3 6S CNTR Q=4/3
0 5 ~ OE-11 OR LESS CAIRNS 69 CC Q=2/3
0 5.CE-jj. OR LESS CL= ~ 90 FUKUSHIMA 69 CNTR Q=l/3
0 7 5E-10 QR LESS CL= ~ 90 FUKUSHIHA 69 CNTR Q=Z/3
1 E VENT CLA INED MCCU SK ER 69 CC Q=ZI 3
0 5 OE-10 OR LESS BOSI A 70 CNTR Q=l /3
0 2 5E-10 OR LESS BQSIA 70 CNTR Q=2/3
1 EVENT CLAIMED CHU 70 HL BC
0 1,9E-9 OR LESS CL= 90 FAI SSNER 70 CNTR Q=l/3
0 9 8E-1 1 QR LESS CL~ 90 . KRIDER 70 CNTR Q=1/3
0 1 6E- 10 OR LESS CL= 90 KRIDER 70 CNTR Q=2/3
0 1 3E-10 OR LESS CL= 90 CHIN 71 CNTR Q=l/3
0 5 7E-11 OR LESS CL= 90 CHIN 71 CNTR Q=l/3 ALT= 2770M
0 3 ~ OE-10 OR LESS CL= ~ 90 CLARK 71 CC Q=l/3 +AS
0 3 OE-11 OR L ESS CL= 90 CLARK 71 CC Q=2/3 ~AS
0 1 0E-10 QR LESS CL= 90 HAZEN 7 1 CC Q=l/3t 2/3 +AS
0 4 1E-10 OR LESS BEUCHAMP 72 CNTR Q=4/3 ALT=2750M
0 1 OE-10 OR LESS CL= 90 BGHM 72 CNTR Q~ 1/3 +AS
0 1 ~ OE-10 OR LESS CL= 90 BQHM 72 CNTR Q=2/3 +AS
0 8 ~ 3E-11 QR LESS CL= 90 COX 72 El EC Q=1/3 ALT~2750M
0 9 6E-11 OR LESS CL= 90 COX 72 EL EC Q= 2/ 3 ALT= 2750M
0 2 2E-10 QR LESS CL= 90 CROUCH 72 CNTR Q=2/3
0 3 OE-8 OR LESS DARDQ 72 efi TD
0 4 ~ OE-9 Qk LESS CL= 95 EVANS 72 CC Q=l/3 +AS
0 1 58-9 OR jESS TONWAR 72 C NTR M GT »10G EV if'TD
0 8 OE- jj OR LESS ASHTOiN 73 CNTR Q= 1/3 +AS
0 1 ~ 7E- 8 QR LESS HICKS 73 CNTR Q=l/3
0 1 ~ TE-8 QR LESS HICKS 73 ChlTR Q=2/3
0 1 OE-7 OR LESS CLARK 74 CC Q= 1/6 +AS
0 7 OE-10 QR LESS CLARK 74 CC Q= 1/ 4 +AS
0 8» OE- jl OR LESS CLARK 74 CC Q= 1/ 3 +AS
0 2.0E- 11 QR LESS C LAR K 74 CC Q=Z/3 WAS
0 3 ~ OF-10 OR i ESS KIFUNE 74 CNTR Q= 1/3
0 1 2E-11 OR LESS HAZE N 75 CC Q=l/3 ~AS
0 7 OE-11 GR L ESS KR I SGR 75 C NTR Q=l /3
0 5 ~ OE-11 OR LESS KRISQR 75 CNTR Q=2/3 GAMMA = 10
0 1» 5E- 10 QR LESS KRI SOR 75 CNTR Q=Z/3 GAMMA GT1000
0 1.0E-9 QR LESS BR I ATORE 76 ELEC +TD
3 EVENTS CL, AINED YQCK 78 CNTR

BARTON 6b HAD 220000 G/CM++2 FXTRA SHI ELDING
BARTON 6 7 HAD 6000 G/CH&if'2 EXTRA SHIELDING
BUHL ER- I 67 AND BUHLER-2 67 HAD 760 G/CN++2 EXTRA SHIELDING
BJGRNBGE 68 -TWQ EXP ER IHENTS HAVIhlG 1650 AND 3600 G/CM'i'if'2 SHI FLDING
BRIATORE 68 SEARCHES FOR LEPTONI C QUARKS W ITH 6300 G/CN2 SHIELDING
BR IATORE 68 GI YE 5 ( 1 1+-1~ 8) E-10 FOR Q=4/3 ~ WE COiNV e TQ C L=.90
CA IRNS 69 OBSERVED 4 POSSIBLE QUARK CANDIDATES
FRANZ INI 68 MEASURES VELOCITY DIRECTLY BY TOF
FUKUSHIHA 69 DOES NQT RULE OUT QUARKS HEAVIER THAN 10 GEY
MC CUSKER 69 CLAIMS 1 CANDIDATE LATER SIMILAR EXPTS SEE NONE ~

2/74
2 /76
Z/76
1/76
1/76
2/77
2/77
2/77
2/77
1/77
1/77

11 /75
2/76
1/'77
1/77
1/77

11/76
11/76

7/79~
7/79+

3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
7/76
7/Tb
7/76
7/76
7/76
7/76
7/76

3/77
3/77
3 /77
3/77
3/77
3/77
3/77
3 /77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3 /77
3/77
2/74
5 /76
5/ T6
5/76
2/74
3/77
3/77
3/77
2/74
3/77
3/77
3/77
2/74
2/74
2/74
1/78
1/78
5/76
3/77
3/77
3/77
3177
3/77
3/77
3 /77
2/77
3/77
2/74
2/74
3 /77
3/77
3/77
3/77
1/77
3/77
3/77
1/76
1/76
1/77
1/77
1/77
1/77
7/76
7/76
3/77
3/77
3/77
1/77
2/79~
3/77
3/77
3/77
3/77
3/77
3177
3/77
3/77
7/76
2/74

F U

F U
F . X
F H

F H

F H
F K

F K
F 0
F 0
F 0
F 0

Q=2/3 IF MASS LT 6 5 GEVt Q= 1/3 IF HASS = 8 GEV
COULD BE AN EARLY-T I NE NORMALLY CHARGED CO SM I C RAY SEE ALL I SGN 70
DARDO 7Z HAD 7000 G/CH++2 EXTRA SHI ELDING
HICKS .73 LOOKED AT LARGE ZENITH ANGLESt THUS USING THE ATMOSPHERE
AS AN EXTEhfDED F ILTER FOR HADRQNIC QUARKS ~ THEIR SEARCH PUTS AN

UPPER L IM IT ON LEPTONIC QUARK FLUX IN CQSHIC RAYS
KIFUNE 74 LOOKED AT LARGE Zf NIT H ANGLES FROM THEIR FLUX LI HI Tt THE Y
GET A LOWER LI NIT ON QUARK MASS OF 20 GEV ~

YOCK 78 EV ENTS HAVE TAU & 10++-8 SECt CHARGES OF +- ~ 70t+- 68t+- '42t
AND MASSES &4 ~ 4t 4 ~ 8t AND ZO GEV RESPECTIYELY ~ NEASURES BETA AND
DE/DX IN 0SPK-SC INTILATOR COSMIC RAY TELESCQP E ~ IF TAKEN AS QUARK t
THE OBSERVED FLUX WOULD' BE 2»4E—9

HI LLAS 59 NATURE 184 892

REF E RENCES FOR QUARK S E ARCHES

HILL ASt CRANSHAW

8 INGHAM
BLUM
BGWEN
HAGOPIAiN
LEIPUNER
HGRR ISGN
SUNYAR

64 PL 9 Z01
64 PRL 13 353A
64 PRL 13 728
64 PRL 13 280
64 PRL 12 423
64 PL 9 199
64 PR 1368 1157

+DICKINSON t 0 IEBQLD t KOCH tLEITH+ (CERN+ EPOL)
+ BRA NDT aCGCCQNI t CZY Z EWS K I t DANY S Z+ ( C ERN )
BOWENtDELISEtKALBACH tMGRTARA ( ARI Z)
+SELOV Et EHRL ICHt L EBOYt L ANZAt RAHM+( PENN+ BNL )
LEIPUNERtCHUtLARSENtADAIR ( 8 NL+ Y AL E )
NORR I SQN (CERN)
SUNYAR t SCHWARZS CHI LDt CCNNORS (BNL l

DELI SE 65 PR 1408 458
DORFAN 65 PRL 14 999
FRANZ IN I 65 PRL 14 196
MASSAN 65 NC 40A 589

DELISEt BOW EN ( ARIZ)
+EADE St LEDERMANtLEE t TING (CCJLU )
+L EQNTICtRAHMt SA MIGS t SC HWARTZ ( BNL+CCLU)
MASSAM tHULLERt Z ICH IC HI ( CERN )

BART CN

BENNETT
BUHL ER- B
CHUP KA

GA( L INAR
KASHA
LAMB

66 PL 21 360
66 PRL 17 1196
66 NC 45A 520
66 PRL 17 60
66 Pi 23 609
66 P R 150 1140
66 PRL 17 1068

BARTONtSTQCKEL
H ~ R ~ BENNE TT
BUHL ER-BROGL IN t FQRTUNATQ t MASSA M+
CHUPKA t SCH IF F ERt ST EV ENS
GA i i I NARG t HQRP URG 0
KASHAt LFIPUNERr ADAIR
LAMB t LUh)DYt NOVEY t YGYANOVIT CH

( NPOL)
(YALE)
(CERN)

(ANL )
(GENG)

(BNL+YALE)
( ANL )

BARTCiN
BAT HOW

BUHL E R-1
BUHL ER- 2
FQSS
GQHE Z
KASHA
STQYER

67 PRSL 90 87
67 PL 2 58 163
67 NC 49A 209
67 NC 51A 837
67 PL 258 166
67 PRL 18 10 22
67 PR 154 1263
b7 PR 164 1599

BARTON (NPOL )
BA THOW t F RE YTAG ~ SCHUL 2 t TE SCH (DESY)
BUHLER-BROGL INt FGRTUNATOtMASSAM+ (CERN)
BUHLER BROGLI Nt DAL PI AZ t MASS AM t Z I CH ICH( C ERN )
+GAR EL I CK t HQMHA t LOBAR t 0SBORi JE t UG LUH ( HI T )
+KQBRAKt MOLINE tMULL INS t ORT Ht VANPUTTEN+ (C I T)
+LE I PUNERt WANGLE Rt AL SPECTOR t

ADAIR�(

Bfifi+YALE )
+NQRANt TRISCHKA ( SYRA)

B EL AHY
BJORNBQE
BRAG INSK
BRIATORE
FRANZ IN I
GARN I RE

68 PR 166 1391
68 NC 8 53 241
68 J ETP Z7 51
6S NC 57A 850
68 PRL 21 10 13
68 PR 166 1280

+HOFSTADTERt LAK INt PERLt TONER
+DANGARDt HANS ENt CHAT T ERJ EE+
BRAG INSKI I t Z ELDOVICH tHARTYNGV
+CASTAGNQL It BOLL IN It MAS SAM+
FRANZINI t SHULMAN
GARN IR Et LEON G t SREE KA NTA N

( STAN+ SLAC )
(BOHR+BERN }

( HQSU)
( TOR I+C ERN )

(CQLU )
( HIT)

HANAYANA bS CJP 46 S f34
KA SHA 1 68 P R 172 1297
KA SHA2 68 P RL 20 217
KASHA3 68 C JP 46 S730
RANK 68 PR 176 1635

+HARA t HI GA SH I t KI TA HURA t HI ONG+
+STEFANSKI
KASHA» LARSENt LE I PUNE Rt ACAI R
KASHA t LARS EN t LE I P UNE R t A DA I R
D ~ M ~ RANK

(QSAK)
(BNL+YALE)
( BNL+Y AL E )
( BNL+YALE)

(NICH)

A( LABY
AhlTI PQV1
ANTI POV2
CAIRNS
COOK
FUKUSHI N

MCCUSKER

69 NC 64A
69 PL 298
69 PL 30B
69 PR 186
69 PR 188
69 PR 178
69 PRL 23

75
245
576
1394
2092
2058
658

+BI ANCHIN It DIDDEhfSt DOB INSONt HARTUNG+ ( C ERN)
+KARPOV t KHRQHCV t LANDS BERGt LAP5 HIN+ ( S ERP )
+BQLOTGV DEV ISHEVt DE VI SHE YA t I SAKQV+ ( 5ERP )
+NCCKUSKER t P EAK t WQOLCOT T ( SYDNEY)
+DEPASQUALI tFRAUENFE LDERt PEACOCK + ( ILL)
FUKUSHIHAt KIFUNEt KQNDOt KOSHI BA+ ( TQKY)
MCCUSKERt CAI RNS (SYDNEY )

RHQ QUARK CQNCENTRAT IQN IN MATTER (QUARKS PER

NUCLEON�)

RHG S 0 1 e OE-22 OR LESS HI LLAS 59
RHQ R 0 1 OE-10 OR LESS BENNETT 66 SOLAR SPECTRUH
RHO 0 1 ~ OE-17 OR LESS CHUPKA 66 METORI TES
RHQ 0 1 ~ OE- 16 QR LESS GA Li INA RO 66 6RAPHI T E L EVI TGHET E R
RHO 0 4 OE-19 OR LESS STOVER 67 IRON LEV I TOME TE R
RHO 0 1» OE-17 OR LESS BRAG I NSK I 6S GRAPHITE L EV ITOMET ER
RHO 0 1 ~ OE-20 OR LESS RANK 68 QIL DROPS
RHG T 0 1 OE-18 OR LESS RANK 68 5 EA WATER
RHO T 0 1 ~ 0E-17 OR LESS RANK 68 SE A SALT t ETC»
RHQ T 0 1 ~ OE-18 QR LESS RANK 68 LA KE WATE R
RHQ V 0 1 ~ 0E-24 OR LESS COCK 69 S EAWATER
RHQ V 0 1 0iE-23 OR LESS COOK 69 ROCK SAHPLE 5
RHQ V 0 leOC-Z3 OR LESS COOK 69 LAVA
RHG V 0 5 ~ OE-23 OR LESS COOK 69 L I NE STONE
RHO 0 1 ~ OE-15 OR LES S EL BERT 70 IQN SPECTROMETER
RHQ 0 5 ~ OE-19 QR LESS MiQRP URGQ 70 GRAPHITE LEY I TQHE TER
RHQ Z 0 1.0E-21 OR LESS STEVENS 76 DEEP OCEAN SEDIHENT
RHO Z 0 1 OE-22 OR LESS STEV EiNS 76 LU NAR SGI L
RHQ 8 0 3 OE-18 OR I ESS BLAND 77 TUNGSTEN BEADS
RHG 0 3 0E-21 OR L ESS »GALL INARG 77 IRON LEV I TOME TER
RHQ L 1 E VENT Q=+ 0 ~ 337+-.009 LARUE 77 NIOBIUM-TUhfGSTEN LEV ITQM
RHQ L 1 EV ENT Q=-0 ~ 331+-.070 LARUE 77 Nj QBIUM-TUNGSTEN LEVITGH
RHQ H 0(Z ~ E-19) OR LESS HULLER 77 CNTR 2 5&M&7 7 GE V/C2
RHQ M 0 (1 ~ E-13 3 OR LES S ' MULLER 77 CNTR FOR H& ~ 3
RHQ M 0 (9 E-15 ) OR LESS MULLER 77 CNTR ~ 3&M&2 ~ 5 GIEV/CZ
RHO - 0( 5 ~ OE-28 ) OR LE 55 OGGRGDNIK 77 SE AWAT ER
RHO 0 (5 OE-27 ) OR LESS OGORODNIK 77 SEDIMENTt LAVA
RHO 0 0 5 ~ OE-15 OR LESS BOYD 78 TUNGSTEN IGNS
RHQ Y 0( 5 ~ OE-16) OR LESS CL= ~ 67 BQYOZ 78 HYDROGEN
RHC P 0 5 ~ 6E-15 OR LESS PUTT 78 TUNSTEN BEADS
RHO H 0 1»0E-22 OR LESS SCHI FFER 78 NI QBIUHt TUN GST EN+ IRON
RHO D 0(6 4E-16) OR LESS CL= 67 BOYD 79 HE LI UM

RHO 2 E VENTS Q=+0 ~ 345+- ~ 035 LARUE 79 NIOBIUM BALL LEVITATION
RHQ Q=+Oe 304+-,040 LARUE 79 NI QBI UH BALL LEV IT AT ION
RHG 7E-21 QUARKS/NUCLEON LARUE 79 NIOBILIM BALL LE Vj TATION
RHG S HILL AS 59 HA 5 INSENSITI VE TQ QUARKS ACCORDING TQ SUNYAR 64
RHO R BENNETT 66 L INIT INFERRED BY JONES 76.
RHG T RANK 68 USES U V SPECTROSCOPY ~

RHO V COOK 69 USES HGLECULAR BEANS»
RHO Z STEVENS 76 USES Ahl IGN SPECTROMETER»
RHO B BLAND 77 I 5 A HILLIKAN QIL-DROP TYPE EXPT USING TUNSTEN PART ICLES ~

RHQ 8 NQ FRACT IQNAL CHARGE WAS FOUND ON A TOTAL SAMPLE GF 3 07E-7 GRAMS
RHO L LARUE 77 SEES RESIDUAL CHARGE LISTED ABOVE TRANSFERRED TO A

RHQ L NIOB ION BA Li F RCM A TUNGSTEN SUBSTRATE CORRE S PONDI NG TG A DEhiS ITY
RHQ i GF 1 e E-Z3»
RHQ M HULLER 77 SEARCHES FOR CHARGE 1 QUARKS IN HYDROGEN USING A

RHO H CYCLOTRON AS A MASS SPECTOGRAPH ~

RHO C BOYD 78 USES VAN-DE-GRAFF AS MASS SPECTQHETER TO SEARCH FOR Q~j/3
RHQ Y BOYD2 78 USES VAN-DE-G RAFF AS MASS SPECTONETER TG SEARCH FOR i( 1
RHO Y WITH MASS & 1 75 GEV
RHO Y STABLE CHARGE 1 QUARKS WITH MASS & 1 75 GEV ~

RHQ P PUTT 78 I S A HILIKAN QIL-DROP TYPE EXPT RESULT APPLIES TQ Q& 2
RHO H SCHIFFER 78 LOOKS FOR QUARKS ACCELERATED BY A 1 NEV ELECTROSTATIC
RHQ H F IELD GNTQ A SI DE TECTGR F ROM HEATED W t FE AND NB FILAMENTS ~

RHQ 0 BOYD 79 US ES HE BEAM H ITH A VAN-DE-GRAFF AS MASS SPECTRQHE TER

5/76
2/77
3/77
1/76
1/76
1/76
7/76
7/76
2/79+
2/79+
2/79+
7/79+

3/77
3/77
3/77
3/77
2/74
3177
3177
3/77
3/77
3177
2/74
2 /74
3/77
3/77
3/77
3/77
3/77
3/77
8/77
7/77
7/77
7/77j2/79+

12/79+
12/79+
12/79+
12/79~

8/784
j/79%
2/79+
2/794

12/794
7/79+
7/79+
7/79+
3/77
3/77
3/77
3/77
3/77
8/77
8/77
7/77
7/77
7/77

I 2/79+
12/79+

8 /784
I/79&
I/79~
j/79+
2/794
2 /79)".
2/794

12/794
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
MAGNETIC MONOPOLE, CHARM SEARCHES

BQSI A

GHU
ALSO

ELBERT
FA ISSNER
KRI DER
MORPURGQ

70 NG 66A 167
70 P RL 24 917
70 P RL 25 550
70 NP 820 217
70 PRL 24 1357
70 PR Dl 835
70 NIM 79 95

ANTI PQV 71 NP B27 374
CHIN 71 NC 2A 419
CLARK 71 P RL 27 51
HAZEN 71 PRL 26 582

BF UGHAMP
BQ HM

BOTT-BOD
CO X

CROUCH
DARDQ
EVANS
TG NWAR

72 PR 06 1211
72 PRL 28 326
72 PL 408 693
72 PR D6 1203
72 P R 05 2667
72 NG 9A 319
72 PRSE A70 143
72 J PA 5 569

ALBRGW 75 NP 897 189
FABJAN 75 NP B101 349
HAZEN 75 NP 895 189
JQVANGVI 75 PL 568 105
KRISOR 75 NG 27A 132

BALDIN 76 SJNP ZZ 264
BRIATORE 76 NC 31A 553
STCVENS 76 P R 014 716

ANTREASY
BASI LC
BLAND
GA LL I NAR
LARUE
HULI ER
GGOR ODN I

BASI LEI
BASILE2
BOYD
BOYD 2
PUTT
SG HI FFE R

YOCK

77 PRL 39 513
77 NC 40A 41
77 PRL 39 369
77 PRL 38 1Z55
77 PRL 38 1011
77 SCIENCE 196 52
77 JETP 45 857

78 NC 45 A 171
7S NC 45A Z81
78 PRL 40 Z16
78 PL 728 484
78 PR 017 1466
78 PR 017 2241
78 PR 018 641

IsQYD 79 P RL 43 12 SB
BQZZQLI 79 NP 8 159 363
LARUE 79 PRL 42 142
STFVENSQ 79 PR D20 82

AL PE R 73 PL 468 265
ASHTON 73 J PA 6 577
HICK 5 73 NC 14A 65
LE IP UNER 73 P RL 31 1226

CLARK 74 P R Dlo 2721
GAI I K 74 PR D9 1856
K IFUNE 74 J PSJ 36 629
NASH 74 PRL 32 858

G ~ BOSIAgL ~ BRIATORE (TORI)
CHUrKIMgBEAMg KWAK (OSU+ROS E+KANS )
ALL I SONg DERR ICKg HUNT g SI MPSQNr VOYYODI C ( ANI )
+ERWINgHERBg NI ELSENg PET RILAKr W EINBERG(W ISC )
+HOLDER ~ KRI SOR g HA SON r SA WAF g UMBACH f AACH)
KRIDERg BOW ENg KAL BACH (ARIZ)
HORP URGOr GALLI NA ROg PALHIE RI ( GENG)

+KACHANOVg KUTJINgLANDSBERGgLEBEDEV + (SERP)
CHIN gHANA YAiMA g HARA gHI GA SHI g TSU JI ( QSAK)
+ERNST g F INNg GR IF F INg HAN SEN g SMITH+ ( LLL+ LB L)
W ~ E HAZEN (HICH}

BEUCHAHP g BOW EN ~ COX g KALB ACH {ARIZ )
+DIE MONT F AI SSNE RgFA SOLD KRI SOR+ (AACH)
BOTT-BODE NHAUS EN g CAL DW E LL+ {CERN+MPI M)
COXg BEUCHAHP gBQWENg KALBACH (ARIZ }
CROUCH gMOR Ig SMITH (CASE)
DARDOg NAVARRAr PENENGQg S ITTE (TORI)
+FANCE Yg HUIR g WATSON (EDIN+LEED)
TONW ARg NARANANg SREiEK ANT AN ( TATA }

( C ERN+L I VP+L UND+BQHR+ RHEL+STGH+B ERG+ LOUC )
ASHTON gCOQPERg PARVARESHgSAL EH {DURH)
+FL I NT g STANDI L (MANI)
+LARS ENg SESSQMSg SH ITHg W ILL IAMS+ {BNL+YALE )

+F INN g HAN SEN g SMI TH ( LLL)
+JORDAN g RI CHTERg SEPP I g S IEMANN + (SLAG+FNAL)
+HIE DA g KUROKA WA g TSUNE MOTO g K I HURA+ ( TGKY+KEK )
+YAMANOUCHIr NEASEg SC ULL I (F NAL+CQRN+NYU)

+BAR BERg BENZ+(GER N+DARE+FQM+LA NC+MCHS+UTRE }
+GRJHNg PEAKg SAUL I g CALDWELL+ (CERN+HPIH)
+HOD SONg WI NTERSTE IN gGRE ENg KASS+ ( HICH+LEED }
JQVANOV ICH+ (M ANI+AACH+CERiN+GENO+HARV+TGRI )
KRI SOR {AAGH )

+VERTQGRADOV g V I SHNEV SKI I g GRIS HKEV ICH+{J INR }
+DARDOgPIAZZGLI g MANNOCCHI+ (LCGT+FRAS+FREI )
+SCHIFFERg CHUPKA I ANL}

ANTREASYANg COCCONI r CRON INr FR I SCH+( EF I+PRIN }
+CARA RQMEQr CIFARELL I g G IUSTI+ ( CERN+8 GNA )
+BOCOBGgEUBANKgROYER (SAN FRAN STATE)
GALL INARGg HARINELL ig MORPURGO ( GENG)
+FAIRBANKgHEBARD {STAN)

1 MULLERgALVAREZgHOLLEY+STEPHENSGN (LBL)
OGQRODNIKOVg SAMOILCVg SOLNTS EV ( K IAE)

+C ARARQMEGg C I F AR EL LI g CONT IN + ( GER N+BGNA }
+CARARGMEOgCIFARELLI gCGNTIN+ (CERN+BGNA)
+ELMORE, MEL ISS INGS SUGARBAKER f RQCH)
+ELHOREg NI TZ g OLS ENg SUGARBAKERg WARREN+(RGCH)
G D. PUTT g P. C M YOCK {AUCK )
+RENNERg GCMMELLg HOOR ING CHIC+ANL
P G. H» YOCK ( AUCK )

+BLATT DONOGHUE DR IES HAUSHAN SUIT ER (GSU }
+BUSSI ERE, GI ACOHELLI+ f BGNA+LAPP+SACL+CERN }
+FAIRBANKg PHILLIPS ( STAN}
M L STEVENSCN (LBL }

CS
CS
CS
CS
CS
CS
CS
CS
CS
CS
'GS

CS
CS
CS
CS
CS
CS
CS
CS
CS
CS
CS
GS
CS
CS
CS
CS
CS
CS
GS

D

0
D
0
0
D

0
D

D

HONOPGLE PROD ~ CROSS SECTION — SEARCH I N HATTE R ( CH¹¹2) /NUCLEON
G 0 5 C-38 OR LESS GOTO 63 EMUL M~ 1 GEV
G 0 5 E-36 OR LESS GOTO 63 EHUI M=10 GEV
G 0 5 E-33 OR LESS GOTO 63 EHUL M=100 GEV

0 3 E-40 OR LESS CL= ~ 95 PETUKHOV 63 CNTR HETEGRITE
C 0 1 E-38 OR LESS CL= ~ 90 CARITHERS 66 ELEC M=2 GEV
C 0 7 E-37 OR L ES S CL= ~ 90 CAR ITHERS 66 EL EC H=10 GE V

G 0 1 E-35 OR LESS CL= ~ 90 CARITHERS 66 EL EC M=25 GEV
F 0 5 E-43 OR LESS GL= 90 FLEI SCH1 69 CNTR M=1 GEV
F 0 2 E-40 OR LESS CL~ ~ 90 FLEISCHl 69 CNTR M~10 GEV
F 0 3 E —37 OR LESS CL= ~ 90 FLEI SCH1 69 GNTR M=100 GEV
F 0 5 E-34 OR LESS CL=.90 FLEI SCHl 69 CNTR M=1000 GEY
F 0 1 E-29 CR LESS CL= ~ 90 FLEISCH1 69 GNTR M=10000 GEV
K 0 1 E-42 OR LESS GL= ~ 95 KQLM 71 CNTR H=l 5 GE V

K 0 1 E-42 QR LESS CL= ~ 95 KOLM 71 CN TR M g10 GE V

0 1 E-37 OR LESS GL= ~ 95 KQLM 71 CNTR M=100 GEV
K 0 1 E-34 OR LESS CL= ~ 95 KGLM 71 CNTR M=1000 GEV
K 0 1 E-31 OR LESS CL= ~ 95 KQLM 71 CNTR M=1500 GFY
R 0 1 E-43 OR LESS GL= 95 ROSS 73 ELEC M=2 GEV
R 0 5 E-41 OR LESS CL= ~ 95 ROSS 73 EL EC M~10 GEV
R 0 5 iE-38 OR LESS CL= ~ 95 ROSS 73 ELEC M=100 GEV
G GOTO 63 EXAMINES HAGNET ITE ROCK IN THE ADIRONDACK MOUNTAIN S»
C CARI THER S 66 LI MI TS ABOVE ARE FOR NUCLEON-NUCLEON INT ERAGT ION S ~

C I IHIT5 FOR PHQTONUCLEQN PRODUCTION ARE 10¹¹3 TIHES LARGER
F FLEI SCHER 69 LOOKED iFOR MQNOPGLES IN SEDIMENTS AT BQTTOH QF OCEAN
F DEPOSITED DURING THE LAST 16 MILLION YEARS ~ Q=60 DIRAC CHAR»QR LESS
K KOLM 71 TRIED TQ DETECT HONCP» IN DEEP SEAWATER Q~ ~ 2-27 DIRAC CHAR ~

R ROSS 73 TRI ED TO 0 ETECT MONO P ~ I 4 I-UNA R DUST Q —~ 4 36 DIRAC CHAR
R OR LARGER CHARGES EXCEPT FOR G= N¹36¹G0g WITH N INTEGER ~ THEY ALSO
R REPORT LIMIT QF DENSITY IN LUNAR MATERIAL AS 1 ~ 7¹10¹gg-4 HQNOP ~ /GM ~

HONGPGLE FLUX IN CGSM IC RAYS (NUMBER/CM¹¹2-SEG-SR)
0 1 E-13 OR L ESS GOTO 63 EMUL K E TO 10¹¹4 GEV
0 5 E-15 OR LESS GL= ~ 90 CARI THERS 66 ELEC

F 0 3 E-19 OR LESS CL= ~ 90 FLEISCH2 69 SCAN KE TG 10¹¹10 GEV
0 2 E-1 8 OR LESS KOLN 71 CNTR KE TG 10¹¹5 GEV

R 0 5 E-19 OR LESS CL=»95 ROSS 73 ELEC KE TO 10¹¹4 GEV
P 1 (1 E-13) PRICE 75 EHUL M GT 200 GEV

F FL EISCHER 2 69 LOOKED FOR iMQNOPOLE TRACKS LEFT IN GB SIDI AN AND MICA
F GVER GEOLOGICAL TIMES ~

R ROSS 73 INCLUDES DATA OF EBERHARD 71 PAPER ~

P THE P RI C E 75 EVENT COULD B E EXPLAINED AS DUE TO A FR AGME NTI NG HE A VY
P NUCLEUS SEE ALVAREZ 75 FLEISCHER 75 FRIEDLANDER 75 AND ROSS 76 ~

P SEE EBERHARO 75 FOR DISGUSSIGN OF CONFLICT WI TH OTHER EXPERIMENTS
P NOT CONSIDERED CONVINCING EVIDENCE FOR THE EXISTENCE OF

MONOPOLIES

~

P HAGSTRQM 77 GIVES A REINTERPRETATION AS A HEAVY ANTI NUCLEUS
P SEE PRICE 78 FOR REASSESSMENT OF THE EVENT

MONOPOLE DENSITY IN HATTER ( NUMBER/LITER)
5 0 1»6E-4 OR LESS SCHATT EN 70 EL EC HOON
C 0 4»4E-5 OR LCSS CL= ~ 95 CARRIGAN 76 CNTR AIR
C 0 1 »SE 3 GR LESS CL»95 CARR IGAN 76 CNTR SEA WATER
S SCHATTEN 70 EXAMINED SATEL ITE DATA FOR PERTURBATIONS IN THE LUNAR
S MAGNETIC WAKE ~ LIMIT IS FOR THE DIFFERENCE IN NUMBERS GF NORTH AND
S SOUT H MONO POL ES
C CARR I GAN 76 I 5 SENSI TI VE TO MGNOPOLES WITH DIRAC CHARGE Q= 1/6 TO 24
C AND MASS AS LARGE AS ( 7500 GEY)¹Q

REF E RENCES FOR MAGNET IG MONOPOLE SEARCHES

12/75
12/75
12 /75
12/75
12/75
12/75
12/75
2/76
2/76
2/76
Z /76
2/76
3/74
3/74
3/74
3/74
3/74
3/74
3/74
3/74

12/75
12/75
12/75
3/74
3/74
2/76
2/76
3/74
2/76

12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
1 1 /76
11/76
12/75
12/75
3/77
7/79¹

4/77
1/77
1/77
4/77
4/77
4/77
1/77
1/77

ZAITSEV 72 5 JNP 15 656
JQNE S 76 RMP 69 717

R EV I EW ART IGL ES

+L ANDSBERG
L»W JONES

( SERP)

(HIGH�)

AMALDI 63 NC 28 773
GOTO 63 PR 132 387
P ETUKHGV 63 NP 49 87
PURCE LL 63 PR 129 2326
CARITHER 66 PR 149 1070

+BARONIg MANFREDINIg BRADNER+{ROMA+UCSD+CERN)
+KOLH FORD (T OKY+MI T+ BRAN )
+YAK IMENKO {LEBD)
+COL I I NS, FU JI I HORNBQST EL, TURK QT (HARV+ BNL )
CAR ITHERS ~ STEFANSKI g ADAIR (YALE)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

MAGNETIC MONOPOLE SEARCHES

FL EI SCH1
ALSO

FLEI SCH2
ALSO

SGHATTEN
KOLM

GURE Yi CH
ALSO
ALSO

CARR I GAN
ROSS

ALSO
CARR IGAN

69 P R 184 1393
70 JAP 41 958
69 P R 184 1398
70 J AP 41 958
70 PR Dl 2245
71 PR 04 IZ85

72 PL 388 549
70 P L 318 394
72 J ETP 34 917
73 PR 08 3717
73 PR OB 698
71 P R D4 3260
74 PR D 10 3867

+KHAKI MQV HARTEM IANOV+
GURE VICH ~ KHAKI HOV +
BARKOVg GUREVICHg
+NEZRICKg STRAUSS
+EBERHARD g AL VAR EZ g WA TT
EBERHARDg RGSSg ALVAREZg WATT
+NEZRICKgSTRAUSS

(K I AE+NOVO+SERP )
(KI AE+ NOVO+S ERP )
(KIAE+NOVO+SERP)

(FNAL )'

{LBL+SLAC)
( LBL+ SLAG )

f FNAL)

FLEI SCHERgHART, JACOBS+ (GESC+UNCS+GSCO)
FL EI SC HER g HART g JACOB S g PRICE g SCHWARTZ+ (GESC)
FLEI SCHER PRICE ~ WOODS (GESC )
FLEI SCHERgHARTg JACOB Sg PRICE g SCHWARTZ+ (GESC)
SCHATTEN (NASA)
+VILLA ~ ODI AN ( MIT+SLAC )

MCNQPOI E PROD. CROSS SECT ION — ACCELERATOR EXP, ( CH¹¹2) /NUCLEON
A 0 1 E-40 OR LESS CL= ~ 95 AHALDI 63 EMUL H=O TO 3 GEV
A 0 5 E-41 OR LESS GL= ~ 95 AHALDI 63 EMUL M=O TO 3 4 GEV
P . 0 2 E-40 OR LESS PURCELL 63 CNTR M~O TO 3 GEV
G 0 4 E —43 OR LESS Gl =»95 GUREVICH 72 EMUL M=O-5 GEV
C 0 6 E-42 OR LESS CL= ~ 95 CARR I GAN 73 CNTR Q=l/6-24 DIRAC CH'AR

M 0 5 E-42 OR LESS CL"- ~ 95 CARR I GAN 74 CNTR Q=l/30 TQ 24
8 0 2 ~ 7E —30 OR LESS GL= 90 BURKE 75 QSPK
N 0 I E-39 OR LESS CL= ~ 95 CARR IGAN 75 HLBG NEU ENERGY~1 0
N 0 4 E-38 OR LESS GL= ~ 95 CARRIGAN 75 HLBC NEU ENERGY=5 0
N 0 1 E —37 OR L ES S CL= 95 CARR IGAN 75 HL BG NEU E NERGY=B ~ 0
E 0 5 E-44 OR LESS CL= 95 EBERHARD 75 CNTR H=O TG 12 GEV
I- 0 2 E-36 OR LESS GL=»95 GIACOMELL 75 PLAS M=O TG 20 GEV
Z 0 1 E-40 OR LESS CL"-~95 ZRELOV 76 CNTR Q~Z/3-2 DIRAC CHARG
R 0 1.3E-37 QR LESS GL= ~ 95 CARRIGAN 78 CNTR Q= ~ 2-1 2 DIRAC CHGS
R 0 4 ~ E-37 OR L ESS CL= ~ 95 CARR I GAN 78 CNTR Q=l ~ 2-24 DIRAC CHGS
H Q 1-10E-37 OR LES S CL= 95 HQ FFHAN 78 PL AS Q=1-3 DIRAC C fiGS
A AHAL DI 63 USES 28 GEV PROT BEAM A1 CERN PS FIRST RESULT IS FCR
A PROTON TARGETg SECOND IS FOR NUCLEON TARGET INSI DE NUCLEUS»
P PURGELL 63 LOOKS F OR MONOPOLES PRODUCED BY 30 GEV PROT AT THE AGS ~

G GUREVICH 72 IS A SERPUKHOV 70 GEV/C P EXP ~ MASS LIMIT FROM PP~PPMM
C CARR I GAN 73 I 5 NAL 300 GEV P EXP HASS LIMIT 0-12 GEV FROM PP=PPMM
M CARR I GAN 74 IS NAL 400 GEY EXP MASS LIMI T 0-13~ 7 GEV/HONGPOLE ~

N CARRI GAN 75 REEXAMINES OLD CERN NEUTRINO EXPT S IN HL BC ~ NEU EiNERG Y
N GI VEN AT RIGHT REPRE SENTS .NEUTRI NO THRESHOl 0 EiNF RGY
N THESE VALU ES ARE IN UNITS GM¹¹2/NUCL EU S ~

E EBERHARD 75 USED NAL TARGETS — 300 GEV AND 400 GEY P ON ALUMINUM ~

E Q=l-7 DIRAC GHGS ~ USED SAME TYPE OF DETECTOR AS ROSS 73 ~

I GI AGOMELLI 75 IS CERN I SR EXP ~ g M& 0-30 GEV g Q=O»4-2» 5 0I RAG CHGS ~

8 BURKE 75 E XPT LOOK S FQR HULTIPHQTON EVENTS F RGH ANNI HILAT ION CF
8 MC NOPOLC. PAIR. 300 GEV NEUTRON BEAM AT FNAL ~

Z ZRELOV 76 I 5 I HEP 70 GEV/C P BEA}r EXP LOOKS FOR CHERENKOV GAMMAS
Z W ITH CHARACTERISTIC POLARIZATION» L IHIT I 5 FOR M=3-5 ~ 5 PROTON MASS
Z AND LIFETIME LARGER THAN OR APPROX IMAT ELY EQUAL 3¹10¹¹-ll SEC
R CARRI GAN 78 I 5 CERN- ISR EXPT ECM=23-63 GE V LI HIT IS FOR
R M &20 GEV
H HOFFMAN 78 I S CERN-I SR EXPT SENSITIVE TQ M&30 GEV ~ S EE Tl E IR FIG» 2
H FOR CS AS A FUNCT ION OF MASS AND HAGNETIC CHARGE ~

12/75
12/75
12/7 5
3/74
3/74

12/75
1/78
1 /76
1/76
1/76

11/75
2/76
1/80¹
2/79¹
2/79*
2/79¹

1 2/75
12/75
12/75
3/74
3 /74.

12/75
1/76
1/76
1/76
2/76
2/76
2/76
1/78
1/78
1/80¹
1 /80¹
1/80¹
2/79¹
2/79¹
2/79¹
2/79¹

BURKE 75 PL 608 113
CARR I GAN 75 NP B91 279

ALSO 71 P R 03 56
EBER HARD 75 PR 0 11 3099
GIACQHEL 75 NC 28A 21

+GUSTAFSQNg JCNES g LONGO (H ICH)
+NEZRICK (FNAL)
CARR IGANg NEZRICK (FNAL)
+ROSSg TAYLOR gALVAREZ g OBERLACK {LBL+HPIH)
GIAGQHELLIg RQSSI+ ( BGNA+CERN+SACL+RGMA)

PRICE
ALSO
AL SO
ALSO
ALSO
ALSO
ALSO
AL SO

75 P RL 35 487
75 L BL-4260
75 LBL-4289
75 P RL 35 1412
75 PRL 35 1).67
76 L BI -4665
77 PRL 38 729
78 PR 0 18 1382

+SHI RK gGSBGRNE gP I NSKY ( UCB+HOUSTON)
LUIS ALYAREZ ( LBL)
PHIL I PPE EBERHARD (LBL)
R ~ L ~ FLEI SCHERr R ~ M ~ WALKER ( G E SC+ W USL )
M ~ 'W» F Rl EDLA NDE R (HUSL )
RONA LD RGS 5 ( LBL)
RAY HAGST ROM ( LBL)
PRI GE g SHI RKr OSBORNEg PI NSKY ( LBL gUCBg

HOUSTON�)

CARR IGAN 76 P R D13 1823
ZRELOV 76 G ZJ P 8 26 1306

+NE ZRI CKg STRAUSS (FNAL )
+KOLLAROVA g KOLLARg LUPI LTSEY g PAVLOV IC+ ( J INR}

CARR I GAN 78 P R D 17 1754 + STRAUSS ~ G I ACGME LLI {FNAL+BGNA }
HOFF MAN 78 LNC 23 357 +KANTARD J I AN (C ERN+ RCMA)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

CHARM SEARCHES

Data on specif ic charmed states are listed in

separate sections in the appropriate places in the

Data Card Listings:
D, F —Ne sons; Z*

c

D, F, and A —Stable Particles;c
—Baryons.
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S'i 'l2 Particle Data Group: R eview of particle properties

Stable Particles
CHARM SEARCHES

Data Card Listings
For notation, see key at front of Listings.

Evidence for charm not directly relatable to
a given state is listed in this section. Neutrino-

induced dilepton events are summarized. Short-lived
tracks in emulsions are also dealt with, as are
cross-section upper limit. s for charm searches.

Tri-muon production in neutrino interactions
is summarized in the Other New Particle Searches

section.

Neutrino-induced Dilepton Events

Many neutrino experiments have now observed

dilepton events. These data are summarized in sub-

sections Y, . VO, and VOA. Bubble chamber experiments
+have observed neutrino-induced p e events associated

with .strange particle production in the reaction

+ 0-+ p e K (or A) + anything

Charm Searches

Experimental evidence for charm production has

now been accumulated in various reactions.
Section CP includes several types of evidence

for associated charm production in pN collisions:
the prompt lp signal, low mass p p pairs with

missing energy; opposite-sign pe events; as well as

observations of D and A in the hadronic final
states. Observations of prompt muons in beam dump

experiments are listed in section BD.

Sections CG, NU, and D include evidence in

photon, muon, and neutrino beam experiments.

Charmed baryon production in e+e reactions is
listed in section CE; further information can be

obtained from the Listings.

References
Dilepton events have no conventional explana-

tion. Production of charmed hadrons, heavy leptons,
arid intermediate bosons have been proposed as
potential explanations. Production of charmed

particles (C) in neutrino interactions would be

expected to give rise to such event. s via the
mechanism

M. K.Gai liard, B.W. Lee, and J.L.Rosner, Rev.

Nod. Phys. 47, 277 (1975).

PROPERT IE S OF THE CHARMED D g D¹ p F g F¹ g LAMBDA/C+ g AND S I GMA/C+
STATES ARE LISTED IN SEPARATE SECTIONS
THE FOLLOWI NG SEC TI CN CQNTA I NS I NF QRMAT IQhl Oh! SEARCHES FOR
OTHER CHARMED PARTICLE STATES AND SEARCHES FOR THE ABOVE STATES
IN NEW COLLISION PROCESSES ~ THESE SEARCH RESULTS ARE USUALLY
LISTED AS CROSS SECTION UPPER LIMITS.

V N ~ p C + hadrons

+
+ hadrons

CE CHARMED BARYON PRODUCTION IN (E+ E—) COLt ISIONS (CM¹¹2)
CE I PICCOLO 77 SMAG
CE F (5.6E-35)OR LESS CL=.90 FERGUSON 78 SMAG

CE I PICCOLO 77 LOOK AT INCLUSIVE P BAR AND LAMBDA PROD IN 3 ~ 7—7 6 GEVECM
CE I E+E— AT SLAC. FINDS SHARP RI SE IN CS BETW 4 4 AND 5 GEV. EVIDENCE
CE I FOR PROD OF CHARMED BARYON IN THAT REGION ~

CE F FERGUSON 78 FIND INCREASE IN ANTIS IGMA +- PROD BY E+ E- (SLAC)
CE F BETWEEN 4 AND 7 GEV (ECM) CONSI STENT WITH CHARMED BARYON
CE F PRODUCT I QN ~ LIMIT IS ON C ~ S ¹BR( AL AMBDAC- --& AS IG+- P I-+ P I —)

1/78
2/79¹
1/78
1/78
1/78
2/79¹
2/79¹

12/79¹
where the Cabibbo-favored transition would predict
a strange particle among the hadrons. Thus the

+appearance of neutrino-induced dimuon events, p e

events, and associated strange particles can be
understood via the charm mechanism.

Short-Lived Tracks in Emulsions

The mean life of a weakly decaying charmed

meson or baryon of mass N (in GeV) is expected to
1be in the range

CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG

MU

MU

MU

MU

MU

CHARMED HADRON PRODUCTION CROSS SECTIONS (GAMMA NUCLEON) (CM¹¹2)
K 60 E VENTS KNAP P 76 S P EC L AM B CABAR P I-P I-P I+
Q 0 1 o 1E-31 OR L ES S CL= 95 QUINN 76 HBC 8++ M-

Q 0 1.2E—31 OR LESS CL= 95 QUINN 76 HBC 8+ MO

A 94 ( 7 2+ —2. 9) E-31 AT I YA 79 S P EC DO--&K+- P I—+
D 1 EVENT ADAMOVICH 80 SPEC 0OBAR —-&K+3 ( PI )—
K KNAPP 76 SEES A PEAK AT M 2 ~ 26+-0 01 GEV/C¹¹2. Rt IDTH IS 40+-20 ME V

K CONSISTENT WITH EERD WIDTH STATE (RESQLUTI ON=30 MEV) NO PEAK SEEN
K IN LAMBDABAR P I+ P I+ P I- THEY ALSO SEE A LAMBDABAR (4PI ) 0 PEAK AT
K 2 5 GEV C ASCADI NG DOWN TO THE PEAK AT 2e 26 EXPT US E C WIDE-BAND
K PHOTON BEAM AT FNAL
Q QUINN 76 USED A 9.3 GEV PHOTCN BEAM AT SLAC. SEE TAB( ES 1 AND 3 FOR
Q INDIVIDUAL CHANNELS, ABOVE LIMITS ARE FOR ALL CHANNELS WITH ONE OR

Q NO MISSING NEUTRALS ~

A ATI YA 79 I S FNAL EXPT USING 50-200 GEV PHOTONS C ~ S ASSUMES
A BRAN C HING RAT IO OF D 0- —&K+-P-+ =.018.
D ADAMQVICH 80 SEES THE PRODUCT ICN AND DECAY OF A DOBAR IN EMULSION
D EXPO SED TO SP S GAMMA BEAM I N CCNJ UNCTION WI TH OMEGA SPECTROMETER ~

CHARMED HADRCN EV IDENCE IN MU NUCLEON INTERACT IQNS (CM¹¹2)
8 ( 3 ~ E —33) APPROX BAUER 79 SPEC 270 GEV MU+ BEAM

8 BAUER 79 S EES 449 DIMUQNS 64 TR IMUONS CQNSI STENT WITH ASSOC IATED
8 PRODUCTION AND SEM1LEPTONIC DECAY OF CHARMED MESONS SEE ALSO
8 L I ST INGS UNDER S30MU ( CHANG 77)

2/77
9/77
9/77

12/79¹
1/80¹
2/77
2/77
2/77
2/77
2/77
2/77
2/77
2/77

12/79¹
12/79¹

1/8 0¹
1/80¹

12/79¹
12/79¹
12 /79¹
12/79¹
12/79~

.-11 -13 5
T = (10 to 10 sec) x 1/N

with a corresponding mean path length for lab
momentum p (in GeV/c) of

pcT
N

(30' to 3000') & p/N
6

Thus even at Fermilab energies, these would be hard

to see as tracks in bubble chambers, so emulsion

is used. We list data for these experiments in

subsections CC and EN below.

CP I
CP I
CPI
CP I
CPI
CP I
CP I
CPI
CP I
CPI
CPI
CPI
CPI
CPI
Cpj
CP I
CPI
CPI
CP I
CP I
CPI
CP I
CPI
CP I
CPI
CPI
CPI
CP I

CHARME 0 HADRON PRODUCTION C ROSS SECTION ( PI
8 0 1.5 TO 3.7 E-30 OR LESS BALTAY 75
8 0 0 ~ 2 TO 35 E-30 OR LESS BALTAY 75
P 8 ~ E-33 OR LESS CL= 90 APEL 76
U 0 Oo 5 TO 15 E-30 OR LESS BUNNELL 76
C 0 1 ~ TO 8. E-31 OR LE SS CE STER 76
G 0 4 TQ 8 ~ E-32 QR L ESS GHID INI 76
H 0 4. E-30 OR LESS CL= 95 HAGQPIAN 76
H 1 7. E-31 OR LESS Cl =.95 HAGOPIAN 76
H 0 3 ~ E—31 OR LESS CL-"95 HAGQP I AN 76
K 0 3 ~ E—28 OR LESS KLEMS 76
A 0 3 BE-31 OR L ESS CL= 95 BLANAR 77
S 028 OR (.ESS CL= ~ 90 BRANSQN 77
S ~ 041 OR LESS CL= 90 BRANSQN 77
0 2.6E—30 OR LESS CL= ~ 95 GQDDARD 77
J 0 5 7E —34 OR LESS JONC KHEE R 77
N 0 9. E—30 OR LESS CL= 90 ANTIPOV 78

0 2. E-29 OR LESS CL= ~ 95 ANTIPOV2 78
L 2 4E—30 OR L ESS CL= ~ 90 BA LLAM 78
L 1 ~ 3 E-29 QR L ESS CL= 90 BALLAN 78
E 8 7E—32 OR LESS CL= ~ 9999 CESTER 78
8 BALTAY 75 SENSITIVE TO CHARMED PARTICLES W

8 TAU LT 10¹¹-11 WHICH THEhl DECAY INTO STRAN
8 THE F IRST VALUE ABOVE IS FOR ASSOC PROD OF
8 SEE THEIR TABL E 1 FOR SPECIFIC DECAY MODES
8 VALUE S I S FOR I NCL US IVE PROD OF CHARMED ME

8 CHARGES —2 TQ +2 SEE HI S TABLE 2 FOR SPEC
P APEL 76 IS SERP EXPT LOOKS FOR PI — P

NUCLEON) (CM¹¹2 )
HBC 15 GEV PI+P
HBC I 5 GEV P I+P
ASPK 4'0 GEV/C P I-
STRC C L= ~ 97
SP EC 1 5 GEV/C P I—
SPEC 19 GEV/C PI P
DBC SHORT L IVED 2 —5GEV
DBC LONG LIVED 1 ' 9 —2GEV
DBC LONG L I VED 1- 1 9g 2—5
HY BR 200 GEV/C P I- DEUT
SPEC 200 GEV/C PI+
S PEC PI+ SEE NOT E S
SPEC PI — SEE NOTE S
HBC DOBAR C++
STRC 225 GEV/C PI-
SPEC 55 GEV/C PI — BE
SP EC 55 GEV/C PI — BE
HBC 18 GEV/C P I+PgPI —P
HBC ASSOC PROD QF D+0-
SPEC 10o5 GEV/C PI-

I TH M=1 ~ 5 TO 4 ~ 0 GEV AND
GE PARTICLES

CHARMED PARTI CLES ~

THE SEC OND RANGE OF
SONS AND 8 ARYONS W I TH
IF I C DECAY MODES
DO ADO Ny DO ——& KO PI 0 ~

7/76
7/76
1/78
1/77
2/77
2 /77
2/76
2/76
2/76
1/80¹
4/77
7/77
7/77
1/78
1/78
1/80¹
I/80¹
1/79¹
1 /79¹
1/78
7/76
7/76
7/76
7/'76
7/76
7/76
1/78
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Particle Data Group: Review of particle properties S') 13

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
CHARM SEARCHES

CP I
CP I
CP I
CPI
CPI
CP I
CP I
CP I
CP I
CP I
CPI
CP I
CPI
CP I
CP I
CPI
CP I
CPI
CP I
CPI
CPI
CPI 'S
CPI S
CPI
CPI
CP I
CP I
CPI
CPI
CP I
CP I
CPI
CPI
CPI
CPI
CP I
CPI

CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP

BUNNE LL 76 I S A SLAC 15~ 5 GEV PI +P EXPT ~ ALL PQSS IBL E 2 TO 5 BODY
MASS CUMBINATIQNS WERE STUDIED FQR NARROW RESONANCES PRODUCED IN
COINCIDENCE W?TH SINGLE MUQNS ~ MASS RANGE STUDIED WAS UP TQ 3 ~ 1GEV»
SEE TABLE 1 ON PG 87 FOR DETAILED RESULTS OF INDIYIDUAL CHANNELS
CEST ER 76 LOOKS AT MASS RANGE 1 ~ 8 TG 2. 5 GEV» SEE TABLE 1 FOR
INDI VIDUAL CHANNELS» VALUE S GI YEN ARE CROSS-S EC/NUCL EON ON CARBON
GHID INI 76 LOOKED FOR CHARMED ME SONS OF MA SS GT 1 5 GEV AND BARYONS
CF MASS GT 2 ~ 0 G EV ~ LIMITS ARE CL"- ~ 95 ~ L IM ITS FOR MOST CHANNE LS LI E
IN THE ABOVE RANGE SEE TABLE 2 FOR INDIVIDUAL CHANNELS ~

HAGQP IAN 76 IS A SLAC 15GEV PI+ D EXPT, ALL POSSIBLE TWQ AND THREE
BGDY MASS COMB INAT IGiNS WERE STUD I ED FOR NARROW RESONANCES W IT H MASS
1 5-5GEV FOR MESON S AND 2-5GEV F GR BARYGNS. INDI YI DUAL LIMITS FOR
TWO AND THREE BODY DECAY FROM MANY REACTIONS ARE GIVEN
VEES WERE STUDI ED FCR THE POSSIBILI TY OF A NEW LONG LIVED (HEAN
( I FE 1E-11 SEC» OR MGR E) NEUTRAL PARTICI E ~ ONE CAND IOATE WI TH MASS
1.9-2 GEV WAS FOUND SECOND LC'NG LIVED LI MIT FOR M= I-1»9e 2-5 GEV ~

KLEMS 76 LOCKS FOR ASSOCIATED PROD OF CHARHED MESON IN SEMI LEPTGNIC
DECAY MODE ~ SEE THEIR FIG ~ 2 AND 3 FGR C»S ~ UPPER LIMIT VS MASS ~

BLANAR 77 I S FNAL EXPT L I MI T I S FCR CS¹BR TO MUONS ~ ASSUh1E S
DIFFRACT IV E CHARMED 2GEV MESON PAIR PRGDUC T ION OTHER LI MI TS FOR
PI AND P BEAilS GIVEN IN TABLE 1.
BRANSON 77 MEA SURE S ( P I NUC --&J C CBAR) /( PI NUC --& J ANYT Hjf'JG)
WITH J p C g AND CBAR ALL DECAY ING TC MUONS ~ FNAL EXP T ~ FIR ST- VALUE
ABOVE I S FOR 225 GEV/C PI+ BEAM SECOND IS FCR 225 GEV/C P I- BEAM
GGDDARD 77 IS A SLAC P I+ P EXP T AT 4 51 GEV ECM.
JCNCKHEERE 77 LOCKS FOR CORRELAT ION BETW VOS AND PROMPT MUONS TO
S IGN AL DEC AY OF CHARHE D PARTI'. LE»
ANTI POV 78 S EARCHED FOR PI — BE ——& DO DOBAR X' WHERE D0 —-& K+ P�—~

IANTI�PQV

78 SEARCHED FOR DO C X WHERE DO —& K PI y C IS ANY
CHARMED PARTICLE --& HU ~ BOTH ARE SFRPUKHOV EXPTS ~

BA( LAM 78 IS SLAC EXPT SEARCHING FOR SEM IELECTRONIC DECAY MODE OF
ASSOC ~ PRODUCE D CHARMED PARTICLES. FIRST VALUE ABOVE IS FOR C ~ S ¹
SUM CF BRANCHING RAT IOS INTO ELECTRON ANYTHING ~ SECOND VALUE USES
KNOWN BR FOR 0+--&E X TO Y I ELD CS
CESTER 78 IS BNL EXPTg LOCKS FOR PI — N--&D¹ — X, D¹— —& DOBAR PI-,
DOBAR —&K+ PI —~ VALUE CORRESPONDS TG A RGUGH LIMIT OF 2¹10¹¹-31
CM¹¹2 FOR DOBAR PROD AND DECAY TC KPI ~

CHARME 0 HADRON PRODUCT I Qt4 CROSS S ECT IQN {P NUCLEON ) ( CM¹¹2)
A 0 l. E-33 OR LESS AUBERT 75 SPFC P I+ K-
A 0 4 ~ E —33 QR LESS AJBERT 75 SPEC K+ P I-
A 0 l. E-33 OR LESS AUBERT F5 S PEC K+ K-
A 0 8. E —33 QR LESS AUBERT 75 SPEC P I+ P I-
A 0 7 E—33 QR LESS AU BERT 75 SP. EC P K-
A 0 2. E-33 OR LESS AUBE RT 75 S P EC K+ PBAR
A 0 4 E —32 OR LESS AUBERT 75 SPEC P PI-
A 0 2 ~ E —33 GR LESS AU BERT 75 SPEC P I+ P BAR
H 0 5. TO 20 ~ E-30 QR LE SS AAHL I t4 76 HBC 8 ARYON, M LT 2 GEV
H 0 15 ~ TC 100 ~ F—30 OR LESS AAHL IN 76 HBC BARYON' M 2 —3 GEY
H 0 10. TC 35 E-30 OR LESS AAHLI N 76 HBC MESON' M 1-2 GEY
L 0 0 '05 TQ 1 35E-27 QR LESS AL BROW 76 SPEC K PI g K P.
B 0 2 E —30 OR LESS BINT INGER 76 SP EC M=2 GEV/C¹¹2
8 0 5. E-32 OR LESS BINTINGE R 76 SPEC H=4 GEV/C¹¹2
C 0 9. E-30 OR LESS CL= 95 ALDER 77 SPEC DO --& K- PI+
C 0 8. E —30 OR L ESS CL=. 95 ALDER 77 S'P EC DOBAR--& K+ P I-
S .04 OR LESS CL= 90 BRANSON 77 SPEC SEE NOTE S BELOW
D 0 3.6E-31 QR LESS CL= ~ 95 DITZLER 77 SP EC 00 —-& K- PI+
0 0 Z. 9E—31 OR LFSS CL=.95 DITZ LER 77 SPEC DOBAR --& K+ Pj-
U 0 7.6E—29 OR L ESS CL= ~ 95. BAUM 78 SP EC PP--&D DBAR A h YTHNG
R 32 ( 7 0+-3 6)E-29 CLARK 78 S PEC PP —&D DBAR ANYTHNG
T 0 1.0E-31 OR LESS LAUTERBAC 78 SPEC D+gDQ TQ K MU NU

K, 2.6E-29 OR I ESS CL= ~ 95 BRANSON 79 P P-- &DODOBAR + D+0-
K 5 ~ 9E —29 OR LESS CL= ~ 95 BRANSGN 79 P P--& DO DOBAR + D+D—

(1 3 TO 6»0) E-29 BROWN 79 SP EC
V ( 1 01+—0 ~ 23) E —29 CHIL INGAR 79 SPEC D DBAR INCLUS IVE
M (7 TD 20) E-30 DI AMANTBE 79 CNTR 0 DBAR --& MUGNS
I 6 ~ 7E-28 OR L ESS CL= ~ 95 DISHAW 79 CALO 400 GEV PP —-&DDBAR
E 92{l. ~20) E—28 DRI JARD 79 SFM D+ --&K-PI+PI+
E (3 0 TO 6.2) E-30 DRI JAR02 79 SF M LAM/C+ TO KQBAR¹ P
E (3 3 TQ 6 7)E-30 DR IJARD2 79 SFM LAM/C+ TO K— DEL++
G (0 ~ 7 TO 1 ~ 8) E-30 G I BGNI 79 SPEC LAM/C+ --&K- PI+ P
G (0 3 TQ 0 ~ 7)E—30 GI BENI 79 SP EC LAH/C+--&LAM (3P I ) +
N (2 3+—0 ~ 3)E—30 LQCKMAhl 79 SPEC LAM/ C+—&K- P I+ P
N (2.8+-1 0) E—30 LOCKMAN 79 SPEC LAM/C+--&LAM (3PI) +
A AUBERT 75 IS A BNL 30 GEV EXPT ~ LOCKS FOR P BE ——& JPRIME ANYTHING
A WHERE JPRIME DECAYED VIA THE CHANNEL SHOWN. ABOVE VALUES ARE
A FOR M=2 ~ 25GEV AND ASSUME A W IOTH SMALL CON PAR ED TO THE RESOLUTION ~

A UPPER LIMI (S ARE ALSO GI VEN FOR THE ABOVE CHANNELS AND P PBAR FOR
A H3 1 AND 3 7 GEV ~ THOSE LIMITS RANGE FROM 7E—36 TQ 4E-33
A MA 77 SA YS AUBERT 75 L IMITS SHOULD BE AN ORDER OF MAG ~ LARGER ~

H AAHL IN 76 IS A 19 GEV/C P-P EXPT AT CERN VALUES GIVEN ARE CI = 975 ~

H SEE TABLE ZBg PG 479 FOR INDIVIDUAL LAMBDA (OR KS) +PICNS CHANNELS ~

L ALBROW 76 I S I SR F XPT, ECM=53GEV. SEE THEIR T ABLE 28, PG 377 FOR
L INDI V IDU AL MESON AND BARY( N CHANNELS ~ EXAMINE S MASS RANGE 2-4 GEV ~

B BINT INGER 76 I S CROSS-SEC TI MES BR INTO K- PI+ WE SHOW TWG VALUES
8 FROM THEIR FIG.4 WHICH COVERS HIASS RANGE l. 7-4 GEV SIMILAR LIMITS
8 ARE GIVEN FQR K+ P I- AND P I+ PI — CHANNELS ~ LIMITS ARE PROPORTIONAL
B TC CS¹BR FOR J/PSI INTO HU+ MU- TAKEN=10NB FCR ABOVE VALUES,
C ALDER 77 I S CERN —I SR EXPT AT ECM= 53 GE V ~

S BRAN SON 77 MEASURES (P NUC —-&J 'C CBAR )/ (P NUC ——&J ANYTHING) WI TH
S J»Cg AND CBAR ALL DECAYING TO MUONS ~ FNAL EXPT USING 225 GEV/C BEAM ~

0 DITZLER 77 IS FNAL 403 GEY P EXPT ABOVE LIMITS ARE FOR
D BR(K PI) ¹DSIGMA/DY AT Y(CM) =-0.4
U BAUM 78 IS ISR EXP T AT ECM=55 GE Y ~ t»IEA SURE S C S¹BR(D-—&E) ¹BR(D--& MU)
U & ~ 92 MI CRQBNS AT THI S ENERGY ~

R CLARK 78 I S CERr4-I SR EXP T LCGKIr(G FCR E+- MU-+ EVENTS. ERROR IS
R STAT ISTICAL ONLY ASSUMES THE SEMILEPTONIC BRANCHING FRACTIONS OF
R THE 0 INTO ELECTRCNS AND MUQNS AS 10 PERCENT EACH ~

T LAUT ERBACH 78 RESULT BASED CN PCLARIZATI QN OF PROMPT MUGNS IN 400
T GEV P-NUCI ECN INTERACTIONS. IF 8 R. GF 0--&MU = 07, CS&7 E—31
K FIRST BRANSON 79 VALUE I S AT ECM=19 4 GEVg SECOND AT ECH=27 ~ 4 GEV
W BRCW N 79 SEES PROMPT 1 MUON 5 IGN'AL IN 400 GEV PROTON 5 ON STEEL.
W UNCFRTAI NTY IN C S ~ IS DUE TC HODEL DEPENDENCE
V CHIL INGAROV 79 ANALYZE CERN I SR EXPT AT 53 AND 63 GEV ECM FOR LGW
V MASS LEP TON PA IR PRODUCT ION ~ VALUE ABOV E I S C S . PER UNI T DF
V RAPI DITY NEAR Y=O
M DIAHANT BER GER 79 U SE 5 400 GE V PROTONS CN FF AND LOOKS FOR MISSING
M ENERGY I N MU+MU- PRODUCTION INDICATIVE OF FINAL STATE NEUTRINOS.
I DI SHAW 79 I S A CALOR IMETRI C EXPT AND LOOKS FOR LQW ENERGY TAIL OF
I ENERGY DISTRIBUTUIGNS DUE TO ENERGY LOST TO WEAKLY INTERACTING
I PARTICLE S. A SSUMES SEMI LEPTQhlj C B ~ R =0.11
E ORIJ ARD 79 IS CERN-I SR EXPERIMENT AT ECM=53 GEV FOUND A PEAK AT
E DHASS IN K— PI+ PI+ HASS DISTRIBUTION WHEN MASS OF AT LEAST GNE OF
E TWO ( K-P I+ ) PAIRS I S REQUI RED INSIDE THE K'¹(890) REGION CORRECTED
E FOR BRANCHING RATIO. SEE TABLE 3 FOR C S ~ ESTIMATION ~

E DRI JARD2 79 I S C'ERN I SR EXPT AT 53 GEV ECM S EES MASS ENHANCEHENT
E AT 2 .26 GE V Ii4 BOTH CHANNELS ~ RANGE IN VALUES DUE TG MODEL
E DEPENDENCE VALUES ARE S IGMA¹BR FOR MODES SHOW
G GIBQNI 79 I S CERN I SR EXPT AT 63 GEV ECM» SEES MASS ENHANCEHENT NEAR
G 2 255 GEV IN BQTH CHANNELS VALUES ARE SIGHA¹BR FOR MODE S SHOWN
N LOCKMAN 79 I S A CERN I SR EXPT AT 53 AND 62 GEV ECM» SEES A MASS
N ENHANCEMENT AT 2 29 GEV IN BOTH CHANNELS ~ VALUES ARE SIGHA¹BR FOR
N MODE 5 SHOWN AND FOR 0 ~ 75&X &0 ~ 90 IN ONE HEM I SP I-ER E»

1/77
1/77
1/77
1/77
2 /77
2/77
2/77
2/77
2/77
2/76
2/76
2/76
2/76
2/76
2 /76
2/76
1/80¹
1/80¹
4/77
4/77
4/77
7177
7/77
7/77
1/78
1/78
1/78
1/80¹
1/80¹
I/80¹
1/79¹
1/79¹
1/79¹
1/79¹
1/78
1/78
1/78

2/76
2 /76
2/76
2176
2/76
2/76
2 /76
2/76
2/77
2/77
2/77
1/78
1/77
1/77

12/77
12/77
7/77
1178
1/78
2 /79¹
2!79¹

12/79¹
12/79¹
12/ 79¹
12179¹
12/79¹
12/79¹
12 179¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
2/76
2/76
2/76
2/76
2/76
2/77
2/77
2177
1/78
1/78
1/77
1/77
1 /77
1/77

12/77
7/77
7/77
1/78
1/78
2/79¹
2/79¹
2/79¹
2 /79¹
2/79¹

12/79¹
12/ 79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12179¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹

CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN

CN
CN
CN
CN
CN
CN
CN
CN

CN
CN

CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
CN

CHARMED HADRON PRODUCTION CROSS SEC lION (N NUC LEON) (CM¹¹2)
8 0 1 ~ 9E-31 QR LESS BL ESER 75 SP EC K+PI —

w M=j 8 GEV
B 0 1 ~ OE-31 OR LESS BLE SER 75 SPEC K+PI-g M=Z ~ 5 GEV
8 0 1»OE-31 QR L ESS Bt ESER 75 SPEC K- P g M=2 ~ 5 GEV

0 2 ~ 5E —29 OR LESS CL= ~ 975 WARD 75 HBC KS PI+ P I—
A 0 6» E-32 OR LESS AB OLIN S 76 SP EC P I+ PI-
A 0 7 ~ E-32 OR LES S ABOL INS 76 SP EC P BAR P
A 0 4 ~ E-32 QR LESS ABGLI NS 76 SP EC K— PI+
A 0 6 ~ E-32 OR L ESS ABOL INS 76 SPEC K- P
G O-Z SEE COMMENT G BELOW BI NKLEY 76 5 P EC-
L
T
T
P
S
0
D
D

0
0
D

0
0
B
8

W

W

W

A

A

A

G
G

G

G

G

G

L
L
L
L
L
L
T
P
P
P
S
S
S
D

CAP
CAP
CAP
CAP
CAP
CAP
CAP
CAP
CAP
CAP
CAP

CHARME0 HADRON PRODUCTION C ROSS SEC TI ON ( PBAR NUCLEON ) ( CM¹¹2 )
0 5 E-29 OR LESS CL~ ~ 95 CARLSSQN . 75 HBC P BAR P ANYTHING
0 3 E-29 QR LESS CL=»95 CARLSSON 75 HBC P BAR P P I+ PI-
0 8 TO 4 4 E-30 OR LE SS CE STER 76 SPEC 12 4 TO 15 GEV/C
0 ~ 15 TO 1. E-29 OR LESS JACHOLKOW 78 BEBC 1 2GEV/C PBAR P

CARL SSCN 75 I S A 9GE V PBAR P C ERN EXPT ~ LI MI TS ARE FOR P PBAR PEAK
IN CHANNELS INDICATED K KBAR CHANNELS CHECKED BUT NG LIMI TS GIVEN ~

CESTER 76 LOOKS AT MASS RANGE 1 ~ 8 TQ 2 ~ 5 GEY SEE TABL E 1 FQR
INDIVIDUAL CHANNELS VALUES GIVEN ARE CROSS-SEC/NUCLEON QN CARBON»
JACH CLKGWSKA 78 IS CERt4 EXPT LQGK ING FQR N AI(ROW PEAKS IN KO+P ION S
AND LAMBDA+PIONS SPECTRA. SEE TABLES 1 AND 2 FGR INDI VI D CHANNELS.

BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD

A

A

A

A

S
S
S
8
8
B
8
B
8
H

H

H

H

H

C

C
C

C

BEAM DUMP E XPT S SEARCHING FOR NEUTRAL PENET RAT ING PARTICLES AND
PRCMPT NEUT RINGS FROM UNKNOWN SOURCES

ALI BRAN 78 HYBR 400 GEV PRGTQhlS
ALIB RAN 78 I S CERN SPS EXPT ~ SEE E XCE SS PROD CF PROMPT ENEU AI4D
ENEUBAR EVENTS COULD BE EXPLAINED BY (CHARMED D PRODUCTION C S. )
¹BR( D--&E+ NEU X) =32+15/-10 MICRCBARNS

ASRATYAN 78 CA LO
ASRATYAN F8 ESTIMATE ( D DBAR PROD ~ C S ) ¹BR(D—&E X) AS ( 1 ~ 9+-1~ 5)
OR ( 0 ~ 5+-0 ~ 4) MICRGBARN FOR A¹¹ I ~ 5 OR A¹¹1 RE SPECTI V ELY.

BOSETTI2 78 HYBR 400 GEV PROTONS
BOSE TTI2 78 I S CERN SPS EXPT. OBSERVES PROMPT NEUTRINOS W IT H FQUAL
FLUX ES OF NEU AND NEUBAR OF BOTH E AND MU TYPES COULD COME FROM
DECAY OF SHORT-LIVED LIGHT PARTICLES OF NEW TYPE TAU I EPTONS AND
AXIQNS EXCLUDED ~ CHARM (D DBAR) PRODUCTION WOULD HAVE TG HAVE
100-400 MI CROBARN CROSS SECTION TG EXPLAIN RE SULTS

HANSL 78 W I RE 400 GEV PROTONS
HANSL 78 IS CERN SPS EXPT SEES PROMPT NEUTRI NO FLUX CONSISTENT
WITH EQUAL AMQUNTS GF ENEUw ENEUBARy MUNEUsMUNEUBAR COULD BE
EXPLAINED AS CHARM(D DBAR) PRODUCTION WITH ABOUT 30 MICROBARN
CROS S S ECT ION ~

CGTEUS 79 QS PK
CCTEUS 79 IS BNL EXPT SEES NO EXCESS N ~ C RATE IN 8 EAM DUMP ~ SETS
LIMI T FGR CS ( PROD) ¹CS ( INT ) OF PENETRATING PARTICLES & 5E-68 C M¹¹4
( CL= 90)

Y
Y

Y
Y

Y
Y

Y

Y
Y

Y

Y
Y
Y
Y

Y
Y
Y

Y

Y
Y
Y
Y

Y
Y

Y
Y

Y

Y
Y
Y

S
A

L
K

R
R
Z

0
D

H

CHARMED HAD
SEE AL SO S
SECTION 'T
14MU+MU-
51HU +MU-

5MU+ Mu-
4MU+HU-
32 D I MUON

4MU+ E- 6M
81 EVENTS

1 E VENT
67 MU MU

28 MU MU

17 EVENTS
1 1 MU-E+
15 MU-E+

RON EVIDENCE IN
ECTION 'NEU' IN

IN ' OTHER NEW
OMU- MU- 0 MU+ MU+

7M J-MU- 3MU+MU+
OMU-MU- 2MU+MU+

OTHER MU PAIRS
EVENTS

U- E+
MU- E+
MU-E+

MU- E+

I 2 57HU+MU-
58MU+HU-
47,MU-MU-

9 MU+MU+
46 MU-MU-

2 MU+MU+
10MU-MU+

2HU+HU-
15 MU- E+

H 94 MU+ MU-

199 MU+ MU-
49 MU+ MU-

3MU-MU- 5HU-E+
1HU+ E-

X

G

G
N

12 MU+E-
67 MU-MU-
19 HU+MU+
34 MU+MU- 35 MU E

NEUTRI NG NUCL
'HEA VY LEPTON
PART I CL E 5 EARC

BENVENUI
BENYENU3
BE(4V ENU5
BARI SH
ASRATYAN
BALLAGH
BALTAY
BARISH
SARI SH2
BARISH2
BLETZACKE
BO SETT I
DE DEN
HA ID T
HOLDER
HOLDER
HGLDER2
HGLDER2
BENVENUTI
BENVENUT I
BUS ETTI 1
BOSE TTI 1
ERRIQUEZ
ARHE NI SE
BERGE
DEGROOT
DEGROOT
BALLAGH

EON --& 2 LEPTGNS ANYT I- ING
SEARCHES' AND
I-;E S' AND VO AND VOA B E LOW
75 SPEC P RE DON NEU B EAM
75 SP EC 6/7 NEU BEAH
75 S P EC 9/10ANT INEU 8 EAM

76 SP EC NEU 8EAH
77 SP EC NEU BEAM
77 HL BC ~ 55 NEU BAR ~ 4'5 NEJ
77 HLBC PREDGM, NEU BEAM
77 0 BC N EU BEAM
77 SPEC FNAL 45-205GEV NFU
77 SP EC FNAL 45-205 A NTI NE U
77 RVUE
77 HYBR
77 HL BC
77 HL BC
77 SP EC INCIDENT NEU
77 SPEC INCIDENT ANEU
77 SP EC NEU BEAM
77 SP EC NEUBAR BEAH
78 SPEC PREDQM NEU BEAM
78 SPEC PREDOH ~ NEUBAR BEAM
78 HYBR NEU BEAM
78 HYBR NEUBAR BEAM
78 BEBC NEU BEAM
79 HYBR NEU BEAM
79 Hi BC NEUBAR BEAH
79 SPEC NEU BEAM
79 SPEC NEUBAR 8EA M

80 HYBR NEU BEAH

0 1 ~ -10 E-31 OR L ESS ABOLI NS 78 SPEC
0 2 E-31 OR LESS CL"- 90 BBDMPST 78 SP EC C+ TG LAMBDA PI+
0 2 ~ 5E-31 QR LESS CL= ~ 90 BBDMPST 78 SPEC 0+- TO KO PI+-
0 3»4E-31 OR L ES S CL= ~ 95 LIPTON 78 SPEC
0 2 ~ OE-31 OR LESS CL= 95 SPELBRING 78 SPEC K+- PI-+g M= 1 86GEV
0 3 ~ BE-31 OR LESS CL= 90 BBDHPSST 79 SPEC DO --& K- PI+
0 3 ~ 2 E-31 OR LES'S CL= 90 BBDHPSST 79 SP EC 0DBAR --& K+ PI-
0 1 ~ 3E-30 OR LESS CL= ~ 90 BBDMPSST 79 SPEC D+ --& K- P I+ PI+
0 1 ~ lE-30 OR LESS CL= ~ 90 BBDMP SST 79 SPEC D- -—& K+ PI- P I—
0 5 9E 3 1 OR LESS CL~ ~ 90 BBDHPSST 79 SP EC F+ & K+ K PI+
0 4 BE-31 OR LESS CL= ~ 90 BBDMPSST 79 SPEC F — --& K+ K- PI—
0 1 3 E-30 OR L ESS CL= ~ 90 BBDMP 5 ST 79 SP EC LAM/C+ --&P K- P I+
0 2 3E-3 1 OR LES S CL= ~ 90 BBDMPSST 79 S P EC LAH/ C+ --& P KOB AR

BLES ER 75 USES NEUTRONS UP TO 300 GEV/C ~ BE TARGET EXAHINES MASS
RANGE UP TG 3 ~ 5 FOR KPle UP TO 4 ~ 0 FOR KP ~ VA LU ES A RE C ROSS SEC/NUC
WARD 75 IS N-P EXPT WITH MOM UP TO 24 GEV/C. THI S VALUE IS FQR HASS
RANGE 1 ~ 5-2 ~ 5 GEV ~ SEE TABL E 1 PG 3 1 FOR UPP ER LI M I TS ON C++ tC+ y

COyD+yDOgD- DECAYS INTO VARIOUS FINALSTATES IN MASS RANGE 1.5-5GEV ~

UPPER L IMIT FOR SEE ING DECAY OF
'

CHGD CHARMED PART ICL E INTO VO FOR
TAU GT 10¹¹-11 SEC GIVEN AS 1 5¹EXP(T) FOR VD =LAMBDA OR SIGMA AND
3.0¹EXP( T) FOR VO=KO HERE g T= 10¹-jI/TAUg CS GIVEN I N MICRGBARNS
ABOL INS 76 IS FNAL EXPT USES NEUTRONS UP TO 300 GEV/C ON BE TARG.
TYPICAL YALUES ABOVE ARE FGR M=3 0 GEV ~ SEE FIG 4 FOR MASS RANGE
2-4 6 EV OBSERVES POSS IBLE K- P I+ ENHANCEMENT AT 2.29+- 03 GE V.
BI NKLEY 76 MEASURES BR (C TQ MU + OTHERS ) ¹R WHERE R I S THE RAT IO OF
THE CROSS-SEC FOR PRODUCING THE J/PSI TOGE THER WITH A C-CBAR PAIR
TO THE TOTAL CROSS-S EC FQR PRODUCING THE J/P 5 I AT THIS ENERGY THE
EXPT WAS A 300 GEV/C FNAL RUNg AND SAW 2 TRI-MUON EV ENTS. THIS GAVE
A 90 CL UPPER LIMIT OF 003 FQR THE MEASURED QUANTITY DESCR I BED
ABOVE»
ABOL INS 78 I S A 250 GE V/C N-BE EXPT LOOKI NG FOR NARROW ENHANCEMENTS
IN RANGE 1.7-3 ~ 5 GEV ~ CHANNELS E XAMINED ARE P I+P I — K+-PI-+ K P
PBAR P ~ POSSIBLE K-PI+ PEAK AT '2 ~ 29 SEEN IN ABOLINS 76 NOT SEEN
HERE STATISTICS HERE ARE 5 TINES ABGLINS 76 STATI STICS
IF SAME PS I PRODUCTION, MODEL WERE ASSUMED HER E AS WAS USED IN
ABOL INS 76 THE 78 LIMITS WOULD BE SMALLER BY A FACTOR OF
BBDMPST 78. IS A SERP EXPT US ING 45 GEV NEUTRONS ( UNI TS C S/NUC LEON)
LIPTON 78 I S 300 GEV N-BE EXPT AT FNAL ~ YALUE QUOTED IS CS/NUC FOR
ASSOC CHARH PROD W ITH ONE CHARMED PARTI CLE --& ELEC TRON AND THE
CTHE R —& H JUN
SPELBRING 78 I S 300 GEV N-BE EXPT AT FNAL VALUE QUOTED IS CS/I4UC
FGR PROD OF D0 AND ANOTHER CHARMED PARTICLE WITH DO --& K PI AND

SECOND CHARMED PARTICLE DECAYING TG PROMPT MUON
BBDMPSST 79 IS SAME EXPERIMENT AS BBDMSST 78

2/77
2/77
2 /77
1/7 I
1/77
1/77
1/77
1 /77
1/77
e/78¹
7/79¹
7/79¹
8/78¹
8 /78¹

12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
2/77
2/77
1/77
1/77
1/77
].177
1/77
1/77
1 /77
1/77
1/77
1/77
1/77
1177
1/77
1/77
). /77
6/78¹
6/78¹
6178¹
6/78¹
6/78¹
6/78¹

8/78¹
8/78¹
8/78¹
8/78¹
8/78¹
8/78¹

12/79¹

2/77
2/77
2/77
7/79¹
2/77
2/77
2/77
2/77
71 F9¹
7/79¹

6/78¹
6/78¹
6/78¹
6/78¹
e /78¹
6/78¹
I/80¹
1/80¹
1/80¹
6/78¹
6178¹
e/78¹
6/78¹
6178¹
6/78¹
6/78¹
6/78¹
6/78¹
6/78¹
6/78¹
7/79¹
7/79¹
7/79¹
7/79¹

2/76
2/76
2/76
7/ 76
1/78

12/77
8/77
3/77
1/78
1/78
1/78
7/77

12/77
1/78

12 /77
12/77
12/77
12/77
1/79¹
1 /79¹
6/78¹
6/78¹
1/79¹
1/80¹
7/79¹
1/80¹
1/80¹
2/80¹
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S114 Particle Data Group: Review of particle properties

Stable Particles
CHARM SEARCHES

Data Card Listings
For notation, see key at front of Listings.

Y
Y
Y

Y

Y
Y
Y

Y

Y

Y
Y

Y

Y

Y

Y

Y

Y

Y

Y
Y

Y
Y

Y

Y

Y

Y
Y
Y

Y

Y
Y

Y
Y

Y

Y
Y

Y

Y
Y

Y
Y

Y

Y

Y

Y

Y

Y

Y
Y

Y

Y

Y

8
8
B
8
B
8
8
S
S
A

A

A

A

L

K

R

Z

Z

C
D

D

H

H

H

I
I
I
J
J
J
C

C
C
C
C

C

E
E

E

E
E
E
E
M

M

X
X

G

G
G

N

N

N

2/76
2 /76
2/76
2/76
2/76
2/76
2 /76
1/78
I/78

12/77
12/77
12/77

8/77
3/77
3/77
1/78

12/77
12/77
7/77

12/77
12/77

1/78
1/78
1 /78

12/77
12/77
12/77
12/77
12/77
12/77
1/79¹
1/79¹
1/79¹
I/79¹
1/79¹
1/79¹
6/78¹
6/78¹
6/78¹
1/79¹
1/79¹
1 /79¹
)./79¹
1/80¹
1/80¹
7/79¹
7/79¹
1/80¹
1/80¹
1/80¹
1/80¹
1'/80¹
1/80¹

V0
Y0
VO

VO

V0
VO

Y0
VO

YO
VO
YO
V0
VO
VO
YJ
VO

VO

Yj
VO
VO

VO

VO

VO

A

A

S
B
B
B
V
V

D

A

S
S

NUHB ER OF VOS PER EVENT IN NEUTRINO NUCL EON- —& MU- E+ VO ANYTHING
WHERE THE VO I S A KOS OR A LAMBDA {SEE ALSO S ECTION Y AND VOA)

1 DEDEN 75 HLBC
1 BL I ETSCHA 76 HL BC
4 VONKRQGH 76 HL BC

15 0»6 BAl TAY 77 HL BC
11 1.84 0» 53 BOSETTI 77 HY BR

3 DEDEN 77 HLBC
8 1 ~ 7 BCSETTI1 78 HYBR
5 1 ~ 2 ERRI QUEZ 78 BE BC
9 0»53 0 ~ 20 ARMENI SE 79 HYBR
3 0 ~ 03 0.04 ARMiENI SE 79 HY BR
1 BARANOV 79 HLBC

THE DEDEN 75 AND BLIETSCHAU 76 EVENTS ARE FROM CERN
GARGAt{ELLE NEUTRINO EXPCSURES ~ THE MASSES OF THE E+ VO SYSTEM fOR
THE TWQ EV ENTS ARE 1.24r 1 91 GEV FOR LAMBDA OR 0 ~ 65r 1 ~ 57 FCR KD.
THE YON KROGH 76 E VEiVT S ARE FROfi{ AN F NAL 1 5 F T NEON BU BBL E C HAMS ER
EXPOSURE ~ ALL FOUR E+ EVENTS FOUND HAVE ASSOCIATED KOS ~

DE DE N 77 EVENTS INCLUDE THOS E OF 0 EDEN 75 AND BL E ITSCHAU 76.
ARMENISE 79 I S A CERN SPS EXPT.

BARANOV 79 EVENT FRGM SKAT(SERPUKHCV) . HAY BE LAMBDA/C+ TD E+NEU
LAMBDA.

~ ~ ~ ~ ~ ~ ~ ~ ~

0«2
0 ~ 63 KOS/( MU-E+ )EVENT

0 ~ 7
0.5
0 ~ 25
0, 06

KDS/(MU —L+) EVENT

K 0/( HU+H U- ) E VEN T
L AM DA/ {MU+MU- ) E V

11/79¹
11/79¹

2 /76
2/76
2/76

11/79¹
11/79¹
12 /77
11/79¹
1/79¹
1/80¹
1/80¹
7/79¹
2/76
Z/76
2/76
2/76
2/76

12/77
1/80¹
7/7 9¹
1I/79¹

0.11 0.12VO AYG
VO STUDENT 0.097 0 066

AVERAGE (ERROR INCLUDES SCALE FACTOR C5 2 ~ 5)
AVERAGE USING STUDENT10(H/1 11) -- S EE MAIN TEXT

YOA

VOA
VOA
VOA
YOA
VOA
YOA
VGA
VOA

NiJHB ER OF VOS PER E VENT Ihl ANTINEUTRINO NUCLEON —&HU+F=VO ANYTHING
WHERE VO I S 4 KOSr LAMBDA GR {AMBDABAR( SEF ALSO SECTI ON Y AiND VO)

0 BERGE 77 HLBC
8 1.8 0. 7 BE RG E 79 HL BC

BERG E 77 USED FNAL 15 FT CHAMBER F ILLED WI TH H—NEON» SA W TWO
POSSIBLE HU E EVENTS COMMENSURATE WITH PREDICTED BACKGROUND,
NE I THER WI TH ASSOC IATED VO
BERGE79 QUOTES 21+-8 NEUTRAL STRANGE PARTICLE S FOR 12(MU+E- ) WE

DI YI DE ~

12/79¹
12/79¹

3/77
12/79¹
3/77
3/77
3/77

12 /79¹
12/79¹

BENVENUTI 75 ARE FNAL NEUTRINO NUCLEON EXPERIMENTS WHICH LOOKED FOR
TWC OR MORE MUGNS IN THE FINAL STATE ~ NO TRI MUON EYENTS WERE SEEN
AUTHORS STATE THAT THESE DIMUQN EVENTS REQUIRE THE EXISTENCE OF ONE
OR MORE NEW PARTICLES WITH M=2-4GEV AND TAU=10¹¹-10S EC OR LESS ~

BENV ENUT I4 75 SHOW THAT THE 0 BS ERV ED PROPERT I ES OF THESE EVENTS
DO NOT AGREE WITH HYPOTHESES OF HEAVY LEPTCN CR INTERHEDIATE VECTOR
BOSON. THEY SUGGEST A HADRON (Y) WITH A NEW QUANTUM NUMBER.
ASR4TYAN 77 I S SERPUKHQV EXPT ~ F INDS R=(DIMUONS/S INGLE MUON E VENTS)
GT ( 6 2+-1»7) E-3 FOR NEU BEAM AND LT 011 FOR NEUBAR BEAM
BALL AGH 77 IS AN FNAL EXPT ~ MEASURES ( NEUMU N--&MU- E+ X) /(ALL NUMU
C«C ~ ) =(»34+ 23- 13 ) ¹10¹¹-2 AND ( NEUMUBAR N--&MU+ E- X }/(ALL NUMUBAR
C C )=( 15+ 14- ~ 08)¹10¹¹-2 ~ RATIO OF ANTI NEU TQ NEU FRACTI GNS IS
(0 ~ 45+0 6 —0 3) ~

BALTAY 77 I S FNAL EXPT IN NEON-H2 MIXTURE
BARI SH 77 EVENT COULD BE NEU P TO h{U+ 8++ ~ SEE CHARMED BAR YQN NOTE .

AND LAMBDA/C+ SECTION ABOVE ~

BAR I S h2 77 F INDS 0 IMUON TG SINGLE MUON RATE CQNSI STENT WfITH CHARM
BLETZACKER 77 EXPLAINS TRIMUQN AND LIK E SI GN D IMUON PROD A S A SSOC
PROD OF CHARM»
BQSETTI 77 IS FNAL 15-FT CHAMBER EXP T.
DEDEN 77 I S CERN 'WIDE BAND EXPT EMAX=2 GEV 11+-5 EV ENTS ABOVE A

BACK GROUND OF 6 EVENTS.
HAIDT 77 IS SAME EXPT AS VCNKRGGH 76 L ISTED UNDER S29YO MEASURES
(NEUMU N--&MU-E+X} /{ NE UMU N--&MU-X) = (.63+-.21 ) E-2 FOR T ( E+) & 8 GEV
THES E EVENTS HAVE AN AVERAGE OF 2» 0+-0 6 KO P ER EYENT
HOLDER 77 I S CERN NARROW-BAND BEAM EX PT IN WH I CH ALL MOMENTA ARE
MEASURED. ENERGY SPECTRA r Ah}G ~ CORRELATIONS r PT 0 I STR IBUTI CNS ALL IN
AGREEHENT 41TH PROD AND DECAY OF CHARHED PARTICLE
HOLD E R2 77 I S 200G E V NARROW BAND EXP T ~ AFT ER BACKGROUND SU BTR ACT ION
THE RATE OF LIKE-S IGN DIMUQN EVENTS TO CHARGED CURRENT EVENTS I S
( 3+-2 ) ¹I 0¹¹-4 ~ MAY COME FROM ASSOC PROD OF CHPRH-ANT I CHARM PA IR ~

BENV ENUT I 78 IS FNAL E XPT ~ MEASURE PROHPT DI HUQN RAT IO
( ilU-HU) 7/ ( MU-MU+ }= 06+- ~ 05 FOR P (MU ) &5 GEV /C AND = ~ 1 2+—~ 05 F OR
P( MU ) &10 GEV/C ~ ( MU-MU-) MAY COME FROM ASSQCI AT ED CHARM PRODUCT ION ~

ABOVE 80 GEY r THE RAT IO OF DIMUON TQ SINGl E-MUON EYE NTS IS
(0 ~ 65+-0 ~ 13)¹10¹¹-2 FOR NEU AND (0 70+-0 ~ 25 )¹10¹¹-2 FOR NEUBARr
FOR PMU & 5 GEV/C ~

BQSETTI1 78 IS A CERN NE-HBC EXPT USING 200 GEV NARROW BAND BE4M.
RATE FOR ( MU-E+ + hlU-MU+) /HU- IN NEU BEAM I S 0 ~ 0 13+—0 ~ 004 ~

RATE FOR ( MU+E- + MU+MU- }/MU+ IN NEUBAR BE AH I S 0.01 2+-0 ~ 005
ERRI QUEZ 78 I S CERN SPS EXPT» FINDS (NUHU N--&MU- E+ X) /(ALL NUMU

C C ) =( ~ 41+- ~ 15) 10¹¹-2 ( TE+& ~ 3GE V }. DIRECT E+ PROD ~ V IA N C ~ IS
&0 2 TIMES C ~ C L IFET IME OF PQSSILE E+ PARENT PARTICLE IS LESS
THAN 3¹j0¹ ¹-12 SEC
ARMENISE 79 IS 4 C E'RN SPS EXPT FINDS R=(MU+MU —) /( SI NGLE MU — EVTS)
=(0.72+-0 ~ 14) E-2 ~ UPPE R LIMI T FOR D L IFET IHE IS 0.8 E-12SEC{CL=O ~ 9)
BERGE 79 I S FNAL EXPT IN 155 7 CHAMBER USING H-NE MIXTURE. RATE FQR
( MU+ E- X ) / (hlU+ X ) =0 ~ 36+-0 ~ 11 ~

DEGROQT 79 I S CERN WIDE BAND EX PT» RATES ARE (MU-MU- )/ (1MU- ) =
(3 ~ 4+—1.8) E-5r ( MU-MU- ) /(MU-HU+) =( 041+-.022) r ( MU+HU+)'/( I HU+) =
{4 ~ 3+—2» 3 ) E-5 r ( MU+HU+ ) / (MU —MU+) = ( ~ 042+- 023 ) ~

BALLAGH 80 EVENTS INCLUDE DIRECT OBSERVATION QF PROD AND VIS IBLE
SEMI —LEPTCNIC DECAY OF SHORT —L IVED PARTICLES ( 1 CHGD r 2 NEUTRALr
AND 1 UNDETERMINDED CHARGE )

CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC

CHARMED HADRON EV IDENCE IN COSMIC RAYS
N 1 EVENT NI U 71 EHUL
N NIU 71 DET ECTS CHGD PART ICLE DECAYING INTO HADRON+PI 0 ~ HASS=1, 78GEV
N AND TAU='Z 2 E-14 I F SECONDARY IS P ION MASS~ 2 95 GEV AND TAU=3. 6
N E-14 IF IT I S PROTON POSSIBLE EVIDENCE OF PAIR PRODUCTION ~

T 8 EV ENTS TASAKA 73 EMUL
T SAME TYPE AS NI U EVENT ~ TAU BETW 1 ~ 5 AND 175 E 13 ~

S 1 EVENT SUGI MOTO 75 E MUL
S SAME TYPE AS NIU EVENT ~ TWO SU CH P ART I CL ES PRODUCED TOGETHER ~

S TAU1=6. E —13r DECAYS TG CHARGED PRONG + ETA ~ TAU2=4 E-12r DECAYS TQ
S CHARCED PRCNG + P IO, MASSiES OF BOTH PARTICLE S ARE ABOUT 2. 0 GEV IF
5 DECAY PRONG I S PRO TONr 1 «7 IF DECAY PRCNG IS KAONr AND 1 55 IF
S DECAY PRONG IS PI ~ COMBINED MASS GT THE TWG NEW PARTICLES = 4.1 GEV
S OR 3 ~ 8 GEV ASSUMING THE DECAY PRONGS TC BE KAONS QR PION S
S RESPECTI VELY. CGNSISTENT WITH LAMBDA/C+ LAHBDABAR/C-. S EE GAISSER 76
A 4 EVENTS SAWAYANAG 79 EMUL
A SAWAYANAGI 79 ANALYZE BRAZIL-JAPAN COLLAB DATA AT MT. CHACALTAYA
A THE V ERY HIGH RATE 4/24 OF X-PARTICLE E VENTS MAY BE DUE TG HI GH
A ENERGY OF THE INCIDENT HADRGNS (APPROXIMATELY 10¹¹5 GEV) ~

9/76
9/76
9/76
9/76
9/76
9/76
1/77
1/77
I /77
I/77
I/77
1/77
1/77
1/77
1/ 80¹
1 /80¹
1/80¹
1/ 80¹

EM

EM

EM

EH
EM

EM

EM
EM

EH
EM

EM

EM

EM

EM
EM

EM

EM

EM

EM

EM

Et{
EH
EM

EM

EM
EM

EH
EM

EH
EM
EM
EM

EM

EM

FM
EM

EM
EM

EH
EM
EH
EM

EM
EM
EM

EM
EH

CHARME0 HADRON CROSS SEC. IN MISC ~ EMUL EXPTS, WHERE LIFETIME SEEN
J 1 EVENT J A IN 75 E MUL TAU A PROX. 10 E- 13
K 2 EVENTS KCHAR 75 EMUL TAU LT E —15
B 1 EVENT BURHOP 76 EMUL TAU APPROX E-13
C 0 1.5E-3 0 OR LESS CL=»90 COREHANS 76 EHUL T AiJ E-12 TC E-14
N 3 EYENTS ( S EHILEP TONIC ) BANiNIK 77 E MUL TAU E—13 TO E-15
A 1 EVENT BANNIK2 77 EMUL TAU APPROX E—14
Z 0 7 E —30 OR LESS CL= ~ 90 BCZZGl I 77 300»400 GEV P-NUCL
M 0 0.0018 OR LES S CL= ~ 90 MUNDRA 77 EMUL +- TAU F. —12 TC E-14
A 9 E VENTS KGMAR 78 EMUL TAU=1 2 E-14
U 1 EVENT P AIR PROD USHIDA 78 EMUL 400 GEV P—NUCLEUS
l 3 E VENTS ALLASI A 79 HYBR TAU APPROX E- 13
A 1 ANGELI NI 79 HYBR T AU=2 TQ 5 E-13
N 2 ANGEL INI 2 79 HYBR NEU BEAM
5 I E VENT ( SEMI { EPTONIC ) FUCHI 79 EMUL T AU APPROX E—13
I 1 EVENT PAIR PROD FUCHI 2 79 EMUL 400 GE V P-NUCLEUS
P 9 E VENTS KOMAR 79 EMUL 400 GEY P NUCLEUS
R 1 EVENT KOMAR2 79 EMUL 200 GEY PI — NUCLEUS
J JA IN 75 16 A FNAL 300 GEV PROTON E XP T. EVENT SHOWS DECAY OF NEUTRAL
J INTO HADRON —E—NEUr TAK ING PLACE 019 CM FRCH THE PRO 0 VERTEX ~ MAY

J BE L EPTQNIC DECAY OF CHARHED PARTICLE
K KCHAR 75 IS FNAL 200 GEV/C PROTON EXPT, SEE 2 EVENTS WITH SINGLE
K ELECTRON EMITTED FROM NEAR I NTERACTIQN ~

8 BURHGP 76 EXPT DONE AT FERMILAB HIGH ENERGY NEUTRINO BEAM. USED A

B COMB'I iNATI GN OF EMULSION AND SPARK CHAHBE RS THEY S EE A PART ICLE
8 WITH TAU=A BOUT 6 E-13 SEC DECA YI NG TQ YO + 3 CHGD TRACKS DECAY
B MiQDE APP E ARS DIFFER ENT FROM PREY ICU SLY 0 BS ERV ED MODE S OF CHAR MED
B HADRON DECAYS. SEE READ 79 FOR FURTHER ANALYSIS AND DISCUSS ION ~

C COREMANS 76 USED 300 GEV/C PRQTCNSr AND LOOKED FOR ABOVE LIFETIMES.
N BANNI K 77 USES 70 GEV PROTON BEAM AT SERPUKHOV ~

4 BANNI K2 77 USES 60 GEY PI — BEAMi AT SE RPUKHOV ~ HASS A PPRQX 2 4 GEV
Z BQZZQLI 77 IS FNAL EXPT LOCK ING FOR ASSOC PROD OF CHARMED PARTICLE S
Z WI TH TAU=3E-15 TQ 3E-13 SECONDS AND MASS LT 4 ~ 5 GEV
M MUND RA 77 IS FNAL 400GEV P E XPT ~ ABOVE VAL UE I S RATI G TO PI+- PROD
A KCHAR 78 I S 400 GEV/C PROTON EXPT AT FNAL C ~ S. APPROX 1E-28 CM¹¹2.
U USHIDA 78 SEES TWO NEUTRALS WITH TAUS 3 ~ 02E-14 AND l. IBE-12 IF
U MESGNSr 4 21E-14 AND 1 «23E-12 IF BARYQNS ~ ASSUMES MESON DECAY MODES
U K-E+ NU AND PI 0 K0r BARYON DECAY MODES X I-E+NU AND PI 0 XIO ~

L ALLASIA 79 USES WIDE BAND NEU BEAM AT CERN ~ SEES DECAY OF NEUTRAL
L SHORT-LI YE 0 PART I C LE.
A ANGEL INI 79 I S NEU BEAM EXP AT CERN-SPS SEE ALSO BURHQP 76
N ANGEL INI2 79 EVENTS INCLUDE LAM/C+ --&P I+K—P WITH E STI MATED DECAY
N TI ME (7.3+ —0 1)¹E-13 SEC ~

F FUCHI 79 I S 400 GE V P NUCLEUS E XPT AT FNAL ~

I FUCHI2 79 EVENT GIVES TAU 2 8-4«4E —13 ~ SEE AL SQ USHIDA 78.
P KQMA R 79 EVENTS GI YE TAU APPROX 1 5E-14 SEC ~ CS/N{JCL EON= 1 2 E-28
R KQHAR2 79 EVENT HAY BE CHARMED BARYON TO E+E- HADRQNS VIA N C ~

3/77
2/77
4/77
3 /77
3/77

12/79¹
12/79¹
I /78
1/78
1/80¹
2/79¹

12/79¹
12/79¹
1/80¹

12/79¹
12/79¹
12/79¹
12/79¹
2/77
2/77
2/77
4/77
4/77
3/77
3/77
3/77
3/77
7/79¹
3/77

12/79¹
12/79¹

1/78
1/78
1/78
1/80¹
2/79¹
2 /79¹
2/79¹

12/79¹
12/79¹
12/79¹

1 /80¹
1/80¹

12/79¹
12/79¹
12/79¹
12/79¹

D

D

D

D

0
D

D

D

D

0
D

D

D

D

D

TERACTI QNS (RATIO TQ C C ~ )
HLBC DO ——& KO PI+ PI-
HL BC 0+--& KO P I+
HBC DECAY TO LAHBDA P IS
HBC DECAY TO KO PIONS
HBC 0¹+ PRODUCT IGN/C C
EVENTS ~

(PI )) X/C C, &0 01 AT

CHARMED HADRON PRODUCTION IN NEU NUCLEON IN
B 64 .007 .002 E'ALT AY 78
B 11 .001 .001 BA LTAY 78
E .01 QR LESS BERGE 78
E ~ OZ OR LESS BERG E 78
L 2 0. 041 0. 024 BLI ETSCHA 79
8 BALT AY 78 IS FNAL EXPT ~ NO DO SEEN IN N C

E BERG E 79 ALSO SET NEU P --& MU- D( —& KO N

E CL= 0 ~ 9 ~

BLIETSCHAU 79 IS CERN BEBC EXPT» SEES ONE
L AND GNE EVENT NEU P--&MU- P D + PI+ PI —r W

L CASES

EV ENT NEU P--&MU- P D¹+
HERE D¹+--&DD PI+ IN BOTH

1/79¹
1/ 79¹
1/79¹

12/79¹
12/79¹
1/80¹
1/79¹

12/79¹
12 /79¹

1 /80¹
1/80¹
1/80¹

REFERENCES FOR CHARMED HADRON SEARCHES

NI U

TASAKA
71 P TP 46 1644
73 P TP 50 1879

+HIKUMOr MAEDA
+YAHAMQ10

( T OKY+YGK GHAM A )
( KCiNA )

AVG 0 0023 0 ~ 0024 AVERAGE {ERROR INCLUDES SCALE FACTOR CF 2.7 )
STUDENT 0. 0020 0.0012 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT¹¹¹¹¹¹¹¹¹

Rl
Rl
Rl
Rl
Rj
Rl
Rj
Rl
Ri
Rj
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2

k3
R3
R3
R3
R3
R3

ClfARME D HADRON BRAh}CHING RATIO INTO (MU NEU ANYTHING) /TC TAL
8 4 F E W PERCENT BENVENU2 75 SP EC F hiAL NEUTRINO NU

315 APPROX 0 15 HOLDER 77 SP EC
0. 19 OR LESS BAUM 77

3 .15 ~ 18 ~ 07 DE DEN 77 Hl BC
BENVENUT12 75 LOOKS AT ANTINEUTRINO NUCLEON ——& MUON HADRQNS SEES
EXCE S S E VENTS ABOVE INCIDENT ENE RGY 30 GEV ~ COMPARES BENV ENUTI1 75
CIMiUCN EVENTS WITH EXCESS EYENTS TO GET BRANCHING RATIO ~

HOLDER 77 VALUE IS FRQH NEU AND ANEU I NDUC ED DliRUON FV ENTS OF
CFPGS ITE SIGN. SEE SEC . Y {.I STING ABOVE ~ BR C ALCULATED USING EFF
BASED QN DECAY OF D+(1850) TO KO MU+ NFU ~

BAUM 77 P U {S UPP Ek L I M I T ON E+- MU-+ PRGD AT I S R IN 5 ERS BR A BQV E
FROM THISr ASSUMING THAT ALL DIRECT ELECTRONS COME FROM THE D ~

DEDE N 77 I S FOR CHARHED BARYGN --& L AiMBDA LEPTON+ NEU ANYTHING,
SEES 3 NEU N —-& MU — E+ VO X EVENTS AND EXCESS OF 42+-20 NEU
t1U- LAMBDA X EVENT S OVER EXP ECTED ASSOC PROD ~ SUGGESTS CHRH ~ BAR

CHARMEC HADRON (A SSCC VO) BRANCHING RATIO INTO SEMIL EPTGNIC S/ALL
2 0 ~ 1 QR MORE BL I ETSCHA 76 HL BC M=2. 5-4 GE V

THI S BR.RA TI 0 AND MASS ARE REQD» BY OBSERVED RATE AND CHARhl SCHEME

CHARMED HADRCN BRANCHING RATIC INTO (E NEU ANYTHING)
0 11 0.03 BRANDEL2 77 SPEC E+E— 4 5 2 GEV(ECM)
0.16 0.06 BRANDEL2 77 SP EC E+E- 4-5 2 GE V( ECM)
0.082 0. 0).9 FELLER 78 SHAG E~E- 3 9-7 ~ 4GEV ECM

FIRST BRANCELIK 77 YALUE USES INCLUSIVE ELECTRON EVENTS SECGhD
VALUE {ERROR STAT GNLY) USES EVENTS WITH A SECOND ELECTRON

2/76
12/77
12/77
1/78
2/76
2/76
2 /76

12/77
12/77
12/77
12/'77
12/77

1/78
1/78
1/78

2/76
2/76

12/77
12/77
12/77
11/79¹
12/77
12/77

AUBERT
ALSO

BA{ TAY
BENVENU1
BENV ENU2

ALSO

75 PRL 3 5 416
77 MA

75 PRL 34 1118
75 PRL 34 419
75 P RL 34 597
74 PRL 33 984

BENV ENU3
8 EN V ENU4
BENV ENU5
BLESER
CARLSSCN
DEDEN

75 PRL 35
75 PRL 35
75 PRL 35
75 PR{ 35
75 NP 899
75 PL 588

1199
1203
1249
76
451
361

AAHL IN
ABGL INS
ALBRCW
APE L
BAR ISH
BI NKLEY

76 NP 8107 476
76 PRL 37 417
76 NP 8114 365
76 S JNP 24 507
76 PRL 36 939
76 PRL 37 578

BINT INGE 76 PRL 37 732
BLI ETSCH 76 PL 608 207
BUNNELL 76 PRL 37 85
BURHOP 76 P L 658 299
CESTER 76 PRL 37 1178

JA IN 75 P RL 34 1238
KG MAR 75 JETPL 21 239

ALSO 76 SJNP 24 275
SUGIMOTO 75 PTP 53 1540
WARD 75 NP 8 101 29

+BEC KER r BIGGS r BURGERr CHEN+ (MIT+BNL )

+CAUT IS COHEN CSGRNA KALELKAR + (CQLU+8 ING)
BE NVENUTI r C LI NE r FORD+ ( HARV r P ENNr W IS Cr FOAL )
BENVENUT Ir CL INEr FORD+ ( HARV rPENNr WI SCr FOAL)
AUBERT r BENVE NUT I+ (HARV r P ENNr W ISCr FNAL )

BENVENUT I C LINE FORD+ ( HARV PENN WI SC FhiAL)
BENVENUTI r CLINEr FORD+ ( HARYr PENN rWISCr FNAL)
BENVENUT I r CL INEr FORD+ (HARV rPENNr WI SCr FOAL)
+GOBBI r KENAHr KEREN+ ( FNAL+NW ES+RQCH+SLAC )
+EKSPCNG rHOLMGRENr NI LSSCN+ (STOH+L IVP)

(4 ACH+BRUX+CERN+EPOL+M ILA+ORSA+LCUC )

P ~ L ~ JAINr B ~ GIRARD (BUFF )

+ORLOV Ar TRETYAKDVAr C HERNYAYSKI I (LEBD)
KOMARr GRLOYAr TRETYAKOVArCHERNYAVSKII {LEBD)
+SATO ~ SA ITG ( TWA S+TGKY)
+ANSQRGE CARTER HOUNT NEALE+ (CAV E )

+ALPGARD ANDERSEN BERGVATN+(OSLO+STQH+HELS)
+CARDI NONA r MATTHEWS r SI DWELL+ ( MSU+CSU+C ARL }
C ERN+DAR E+FO M+LA NC+L I YP+MC H S+ RHE L+ UTR+ L UND
+BERTOLUCC I r YIKTGRGV r V I NCELL I+ (S ERP+C ERN )
+BARTLETTrBODEKrBRGWNrBUCHHQLZ + (CIT+FNAL)
+GAI NESr PFGPL ESr KNAPP+ (FNAL+COLU+HA WA+Il L )

8INTINGER LUNDY AKERLOF+ (FNAL+MICH+PURD)
( AACH+BRUX+CERN+ EPQL+MILA+ORS A+LOUC )

+CHENG rDELPAPA r DQRFANr DCUNGVAN+ (UCSC+S LAC)
( LOUC~F NAL+ BELG+ DUU C+C ERN+LQ I C+ROMA+ STRB+ )

+FITCH r KADiELr WEBB r WHITT AKER + ( PR IN+BNL )
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see I(, ey at front of Listings.

Stable Particles
OTHER STABLE PARTICLE SEARCHES

CORE MANS
GHID IN I
HAGGPIAN
KL EMS
KNAPP
QV INN
VC NK RCGH

76
76
76
76
76
76
76

PL 65B 480
NP 811 1 189
PRL 36 296
APP 87 497
PRL 37 882
PR 0).4 2 857
PRL 36 710

+SACTCN+ {SELG+ DUUC+ LQUC+RQMA+STR B+WAR 5 )
+NA VACH » DOWE LL s KENYON+ (OHEGA GROUPS)
+WI LKI NS» Wl ND» HAGQPI AN» ALBR I GHT+ ( F SU+BRAN)
+KO»LANDER» PELLETT+ {UCD+CR AC+WASH+WARS )
+LEE»LEUNG»SHITH + {COLU+HAWA+I LL+FNAL)
0 J ~ QU INN» R ~ H ~ M IL BURN ( TUFTS)
+FRY »CANER INI»CL INE+ lWI SC+L BL+CERN+HAWA)

OTHER STABLE PARTICLE SEARCHES

AL DER
AS RAT YAN
BA LLAGH
BALTAY
BANN IK
BANN I K2
SARI SH
BAR I SH2
SAUM

BERGE
BLANAR
Bt. ET ZACK
BQ SE TTI
SQZZCL I
BR ANDEL2

BRANS CN
DE DEN

DITZLER
GQDDARD
HA I 0T

77
77
77
77
77
77
77
77
77

PL 668 401
PL 718 439
PRL 39 1650
PRL 39 62
J ETP L 25 550
JETP L 26 275
PR D15 1
PRL 39 981
PL 68B 279

77
77
77
77
77
77

PRL 38
PRL 38
PRL 38
PRL 38
LNC 19
PL 708

266
192
1241
1248
32
387

77 PRL 38 580
77 PL 6TB 474
77 PL 718 451
77 PR D16 2T30
77 JPG 3 1

+ BLOCK+ ( AACH+UC R+CE RN+ HARV+L AUS+MUNC+N WES )
+EPSTE IN GRIGGRj EV KALGANOV + lITEP+SERP)
+BliNGHAM SOS ETT I FRETTER+ l I Bt.+HA WA+WASH )
+HI SBS»HYLTON» KALELKAR» DRANCE + (COLU+BNL )
+BOBQDZHANOV SALOMOV SUNTSZ INYAN+ ( J I NR)

. +BOBQDZHANOV s LESK IN» MUKHT ARGV+ {JINR)
+DERR ICK»DGMBECK»MUSGRA VE + {ANL+ PURD )
+BARTLETT» BGDEK» BROWN + (C IT+FNAL+RCCK)
+BLOCK »BOHM+ {AACH+UCR+ CERN+HARV+MUNC+NWES )

+D I Bl ANCA» EMANS + ( FNAL+S E RP+ I TE P+H I CH )
+BOYERsFAI SSLER»GARELICK»GETTNER + (NEAS )
BL ETZACKER» NIEH» SONI ( STON+UCSB )
+GALTIERI »LYNCH + {L BL+C E RN+HAW A+W IS C )
+CAMPANINI »CAP IL UPPI »GE SSAROLI + (BGNA+F IRZ)
BRANDEL IK + ( AACH+DESY+HAHB+HPI N+TGKY)

+SANDERS s SM I Tk » THA LER»A NDE RSGN+ ( PRI N+ EFI )
+ ( AACH+BELG+CERN+EPOL+MILA+L At Q+LGUC )
+F INLEY» JOHNSON» LOEFFLE R + (PURD+NICH+F NAL)
+GILBERT»KEY» GORDON» LAI ( TNTQ+BNL )

( BE RK EL EY+C E RN+ H AW A I I+W I S CONS IN )

Ne collect here those searches which do not

neatly into one of the above search categories.
These include axion searches (section AX), trimuon

and four-lepton production in neutrino and anti-
neutrino reactions (T, I"L), and heavy part. icle
searches in accelerator experiments (CH, CS, D, ICH)

and in cosmic rays (F).

HOLDER
{30LDE R2
JC NC KHE E

ALSO
MA

MUND RA
P I CCCLQ

'

ABQL INS
AL I GRAN
ANT l PCV
ANTIPOV2
AS RATYAN
BALLAH
BALT AY
SAUM
BBDMPST
BENV ENUT

ALSO
SERGE
BOSE TTI 1
BOSETTI 2

CE STER
CLARK
ERRIQUEZ
FELLER
FERGUSON

ALSO

HANS L
JACHQLKQ
KQ MAR

LA VTERB A

LIPTON
SPELBRIN
USHj DA

77
77
77
76
77.
77
77

78
78
78
78
78
78
78
78
78
78
78
78
78
78

78
78
78
78
78
79

78
78
78
78
78
78
78

PL 69B 377
PL 708 396
PR D16 2073
PL 648 221
PRL 38 172
LNC 18 554
PRL 39 1503

PL 738 355
PL 748 134
JETP L 28 457.
JETP L 28 461
PL 79B 497
PRL 40 741
PRL ' 41 73
PL 778 337
5 JNP 28 340
PRL 41 T25
PRL 41 1204
PR 0 18 1359
PL 73 8 380
P L 748 143

PRL 40 139
PL 778 339
PL 778 227
PRL 40 1677
PL 79B 161
PR 019 1935

PL 74 8 139
NP 8 142 53
J ET PL 28 453
PR D17 2507
PRL 43 608
PRL 40 605
L NC 23 577

+KNOBLCCks MAY+ ( CERN+DQRT+HE ID+SACL+BGNA)
+KNOBLOCH» MAY+ ( CE RN+ DORT+HE ID+SACL+BGNA)
JQNCKHEERE» COCK» CSORNA + ( {ii{ASH+LALO+UCD )
GOOK s CS ORNA s HOLNGREN+ (W AS H+LALQ+UCD)
MA»OH l NSU)
+PUTT» STUTELEY»YQCK ( AUCK )
+PERUZZ I »LUKE »LUTH+ (SLAC+LBL+NWES+HAWA)

+MATTHEWS SIDWELL + (MSU+CARL+FNAL+CSU)
( AACH+8 AR I+BERG+BRU X+C ERN+E POL+MI LA+QRSA+ )

+BEZZUBQV» BV DANQV» BUSHNIN» GQR I N+ {SERP)
+ 8 EZ ZUBOV» BUDANQV » GORI N» DE NI 5 E NKG+ (S ERP )
+EP S T E I N» F AK HR UTD I NQV+ ( I TEP+ SE RP )
+BQUCHEZ»CARROLL»CHADW I CK+ (SLAC+DUKE+LQIC )
+CAROUMBAL I S»FRENCk» Hl BBS» HYl TON+(COLU+BNL)
+BLOCK» BOEHiN+{ AACH+UGR+CERN+HARV+MUNC+NWE S)
BERL+ BUDA+ DUBNA+ MOSCOW+ PRAG+SOF I+I 8 I L I 5 I
BENVENUT I+ (FNAL+HAR V+OSU+PE NN+RUTG+ WISC)
BENVENUTI+ (FNAL+kARV+OSU+PENN+RUTG+WISG)
+BCGERT» G UNDY» Dl BI ANCA+ {F NAL+UCB+HAW A+H ICH)
+DED EN + ( AACH+BONN+C ERN+LO IC+OXF+ SAG L )
+DEDEN s- (AACH+BONN+CERN+LCIC+OX F+S AGL )

+f ITCH»KAD EL» WEBB» WHITTAKER + lPRI N+SNL )
+DARRI ULAT» EGGERT + (CE RN+SACL+ZURI )

BAR I+8 I RM+BRUX+EPQL+Rk EL+SAC L+LCUC
+LI TKE » MADARAS» RGNAN+ (LBL+SL AC+NWES+HAWA)
+BUCHANAN»NODULMAN»POSTER + (UCLA+SLAC)
FERGUSON+BUCHANAN» NGDUL MAN + (UCL A+SLAC )

+HOLDER�»

KNOB{ OC H+ (CE RN+ DORT+ HE ID+SAC L+B GNA )
JACH OLKGWS KA+ (ORS A+ BELG+CE RN+LOI C+HQNS )
+QRLOVA s SA LHANOVA» TRETYAKOV+ (LEBD)
M e J ~ L AUT ER BACH ( YALE)
+GOBBI »KEREN ~ ROSEN»RUCHTI+ (NWES+RGCH+FNAL )
SP ELBR ING» GQBBI s KEREN + (NWES+ROCH+F NAL)
+F UCHI » HOSHI NG+ ( A I CHI+NAGCY A+YOKOHAMA)

AX
AX
AX
AX
AX
AX
AX
AX
AX
AX

AX
AX
AX
AX
AX
AX
AX

AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX

AX
AX
AX

AX

F
F
F
8
0

V

L
G

H

F
F
F
F
F
8
0
0
M

M

V
V

L
L
L
C
H

H

H

AXION PRODUCTION RA Tl 0 TQ Pl 0 PROD CROSS-S EC ~

FOR THEORY AND REVIEW SEE WEINBERG PRL 40 223 (1978) WILCZEK
PRL 40» 279 (1978)» AND DONNELLY PR D18» 1607 l197S) ~

1 ~ E-8 OR LESS CL= ~ 90 ALI BRAN 78 HYBR BEAM DUMP
6 E-9 OR LESS CL= 95 ASRATYAN 78 CALO SEAN DUHP
5 ~ 4E-14 GR LESS GL=. 90 BELLOTTI 78 HLSC FOR HASS=), 5 HEV
4 ~ 1E- 9 OR LESS CL= ~ 90 BELLOTTI 78 HLBC FOR MASS=1 MEV
1 ~ 5E- 8 OR LESS C Lis ~ 90 BELLOTT I 78 HL BC 8 EAH DUMP
1 ~ E-8 OR LESS CL=s 90 SOSETTI . 78 HYBR BEAM DUNP

DONNELLY 78
0 ~ 5E-S OR LESS CL=e90 HANSL 78 WIRE BEAM DUHP

MICELNACH 7S
VYSOTSSK I 78
BECHIS 79 CNTR

1 ~ E 8 OR LESS CL~ ~ 90 COTEUS 79 0SPK BEAM DUMP
1 E-3 OR LESS GL= 95 DI SHAW 79 CALO 400 GEV P P

BELLOTTI 78 FIRST VALUE COMES FROM SEARCH FOR A--&E+E- ~ SECOND
VALVE COMES FROM S EARCH FOR A--&2GAHMA » AS SUM ING MAS S&2¹NASS ( E-) ~

FOR ANY i{ASS SATISFYING THIS»LIMIT I S ABOVE VALUE¹{ MASS¹¹ 4)
THIRD VALUE USES DATA OF PL 608 401 AND QUOTES CS{PROD) ¹CS( INTER-
ACTION)&10¹¹-67 CM¹¹4.
BOSETTI 78 QUOTES CS(PROD) ¹C5( INTERACT) & 2 E-67 CM¹¹4
DONNE LLY 78 EX AMI NES DATA FROM R EACTOR NEUTR I NO EXP 7 S Of RE INES 76
AND GURR 74 AS WELL AS SLAC BEAM DUMP EXPT ~ EVIDENCE IS NEGAT jVE ~

'

MICELHACHER 78 F INDS NO EVIDENCE CF AXION EXI STENCE IN REACTOR
E'XPTS OF REINES 7b AND GVRR 74 ~ (S EE REF UNDER DONNELLY 78 BELOW ) ~

VYSOTSSKI I 78 DERIVED LOWER LIMlT FOR THE AXIGN MASS ~ 25 KE V FROM
(.UHI NOSI TY OF THE SUN AND 200 KEV FROM RED SUPERGIANTS ~

SECH I S 79 LOOKED FOR THE A XI ON PRODUCT ION I N LOW ENERGY ELECT RON
BRENSSTRAHLUNG AND THE SUBSEQUENT DECA Y INTO EITHER 2 GAMMA S OR
E+ E- ~ NO SIGNAL F QUND ~ G ~ L ~ -0 ~ 90 LI HITS FOR HCDEL PARAMETER( 5 )
ARE GIVEN ~

COTE US 79 I S A BEA M DUMP EXPERIMENT AT BNL ~

DI SHAW 79 I S A CALORIMETRIC EXPERIMENT AND LOOKS FOR LCW ENERGY
TAIL OF ENERGY DISTR IBUTVIONS DVE TO ENERGY LOST TD WEAKLY
I NTE RACTI NG PARTIC LE S ~

6/78¹

6/78¹
12/79¹
1/79¹
1/79¹
1/79¹
6/78¹

12/79¹
6/78¹

12/T9¹
1/80¹

12/79¹
7/79¹

12/ 79¹
1/79¹
1/79¹
1/79¹
1/79¹
1/79¹
6/7S¹

12/79¹
12/79¹
12/79¹
12/79¹
1/80¹
1/80¹

12/79¹
12/79¹
l2/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹

ALLASIA
ANGELINI
ANGEL I N2
ARME Nl SE
AT IYA
BA RA NO V

BAUER
BBD{'1PSST

79
79
79
79
79
79
79
79

SERGE
BLI ETSC H

BRANSQN
BROWN
CHIL INGA

ALSO

79
79
79
79
79
79

PL 818 89
P L S68 108
PR 020 337
PRL 43 410
PL 8 38 136
NP 8151 29

COTE US
DEGRQGT
D(AMANTB
Dl SHAW
DRI JARD
DR I JARD2

79
79
79
79
79
79

PRL 42
PL 868
PRL 43
Pt. 858
Pt 818
PL 85B

1438
103
1774
142
250
452

F UCH I
FUCH I 2
GIBGNI
KQMAR
KQN{AR2
LCCKNAN
READ
SAWAYANA

79
79
79
79
79
79
79
79

NC 51A 18
PL 858 135
PL 85B 437
S JNP 29 40
5 JNP 29 50
PL 85 8 443

0 19 1287
PR D20 1037

ADAMOV I C
BA LLAGH

80
80

Pt 898 427
PL 89B 423

GA ISSER 76 PR D14 3153

PL 87B 287
PL 808 428
PL 848 150
PL 86B 115
P RL 43 414
P L 81B 261
PRL 43 1551
SJNP 29 46

TQRI+P I SA+ROMA+LOUC+BRUX+DUBL I N+CERN+ANKA+
ANKA+BRUX+CE RN+0UBL I N+LOUC+ KEY NES+PI S A+
ANK A+BR UX+C E RN+D UB LI N+ LOUC+ KE Y NE S+P I 5 A+
+ERRIQUEZ+ ( BAR I+ CERN+ E PQL+H IL 4+0 RSA )
+HOL ME 5»KNAP P» LE E+ ( C OLU+ I L L+F NA L )
+ IVANILOV» KGNYUS HKO» KORABLEV+ {SERP)
'+KILEY» BALL»CHANG»CHEN» GHGDS+ ( MSU+FNAL )
8 ER L +8 UDA+ 0VBNA+ HG SC + P R AG+ 5 E R P+ 5GF I A+ T 8 I L I

+SOGERT»ENDGRF»HANFT+ (FNAL+SERP+ITEP+HICH)
BL I ETS CHAU+ ( A AC H+80 NN+C ERN+HP I M+ 0XF )
+HCDONALD» SANDERS»SHITH»THALER+ ( PRIN+EFI )
+BAR ISH»BARTLETT»BODEK» SHAEVI TZ+ (CI T+STAN)
CHI L I NGARQV» CLARK+ ( C ERN+SAGL+ETH )
CHIL INGARGV»CLARK+ (CERN+SACL+ETH)

+DI E SBURG » FI NE» LEE»S QKQLSKY+ ( COLU+ILL+SNL )
+ HAN SL s HQL DER l CE RN+ DORT+HE I 0+ SAC L+ B GNA )
DIAMANT-BERGER» D ISHAW» FAESS LER+ (STAN+CI T)
+0IAHANT-SERGER»f AESSLE R» LIU+ (SLAC+CIT )
+F ISCHER» GEIST+ ( CERN». CDEF+HEID+KARL)
+F I SCHER+ (CERN+CDEF+DORT+HEID+t APP+WARS )

+HCSHINO»KURANATA+ {NAGQYA+AICHI+YOKGHAMA)
+ HO Skl NC» KURANATA» NI Us. (NAGGY A+A l CHI+Y CKO)
AACH+C ERN+HARV+MUNC+NWES+UCR COLLABORAT jON
+ORLOVA ~ SALMANOVA» TRETY AKGVA + (L EBD )
+ORLQVA s TRETYAKQVA »CHERNYAVSKI I (t EBD}
+iMEY ER» RANSER» SCHL EIN» WEBB+ ( UCLA+SAC L)

(F NA I+BELG+DUUG+ LOI C+ LOUC+KE Y N+MUL HQU 5 E+ )
K ~ SAWAYANAGI ( WA SEDA)

(PHOTON-EHUL CGLLAS ~ » CMEGA-PHOTON COLLAB ~ )
+BINGHAM+ (UCB» L BL FNAL HA WA WASH W I SC )

REVIEWS REFERRED TQ IN DATA CARDS

T ~ K ~ GAI SSER»F ~ HALZEN l BART+ WISC)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

FL
FL
FL
FL
FL
FL
FL

R
R
R
R
R
E
E
E
L
L
L
H

H

H

H

I
I
I
B
8
8
8
8
A

A

A

A

A

N

N

N

N

N

N

D

0
D

D
D

D

TRI MUON PRODUCT IGN I N NEUTRINO NUCL EON INTERACTIONS
SEE ALSO SECTION 'NEU' lN 'HEAVY LEPTON SEARCHES' AND
SECT IQN 'Y' lN 'CHARMED HADRON SEARCHES' ~ FOR EXTENSIVE DI SCUSSION»
SEE ALBRI GHT 78 ( PR 018 » 108 ) s HANSL 78 ( NP 8142» 38 1)» AND KANE 79
l PR D 19» 1S78)

2 EVENTS FU- MV NU BARISH 77 SP EC NEU BEAM
SARI SH 77 EVENTS CONTAIN FAST MU- AND 2 ADDI T ICNAL MUGNS W ITH LOW
ENGERY IN DIHUON REST FRAME ~ SLCW MUONS COUI 0 CONE F ROH EI THER
VIRTUAL PHOTON OR VECTOR HESON OR FROM ASSOC PROD OF CHARHED
PART I CL ES WHICH DECAY LEPTONICALLY
6 SEEN BENV ENVT I 77 NEUL 5/6NEU» 1/6NEUBAR

BENVENUTI 77 I S FNAL EXPT ~ CAN BE EXPLAINED BY PROD OF NEW HEAVY
LEPTON --& MU- NEUSAR NEW LIGHTER LEPTON --& HU+ MU- NEVE

BL ET ZACK E 77 RVUE
BL ET ZACK ER 77 EXPLAINS TRIHUQN AND LI KE SI GN DIMUON PROD AS ASSOC
PROD OF CHARM ~

3 SEEN HOLD E R 77 S P FC
HOLDER 77 EVENTS ARE NU-MU-N+ AND MUMU+MU+ WI TH NE U BE AH» AND
HU+MU-NU- W I TH NEO BAR SEAM ~ RATE RELATIVE TO CHARGED CURRENT EVENTS
IS 4¹10¹¹-5.

A(. BR IGHT 78 RVUE
ALBRIGHT 78 COMPARES DATA OF TRI MUCN AND FOUR-MUON EVENTS L ISTED
ABOVE W ITH SIX MODELS

7 SEEN BENV ENUT I 78 NEUL
BENVENUTI 78 I S FNAL EXPTs 6 GF THE EVENTS ARE SEEN USING A 95 PGNT
NEU BEAM» 1 USING AN 83 PCNT NEVBAR BEAM ~ SEE MORI 78 FOR LIHITS
OF THE PROB THAT THE TRIMUCNS ARE PRODUCED BY A NEW SHORT-L IVED
SOURCE OF NEUTRINOS ~

76 E VENT S ti{U- MU- HU+
'

HANSL2 78 SP EC NEU BEAM
HANSL2 78 I S CERN SPS EXPT ~ RATE RELATIVE TQ SINGLE MUON EVENTS IS
(3 o0+ ~ 4)¹10¹¹ 5 FOR E(NEU)&30 GEV ~ CAN BE EXPLAINED AS C ~ C ~

INTERACTIONS WITH ADDITIONAL LOW MASS HU PAIRS ~ NO EVI DENCE FCR NEW
HEAVY LEPTON e

39 MU-HU-MU+ SEEN BENV ENUT I 79 NEUL N EU BEAM
BENVENUTI 79 I NCLUDES 9 EVENTS F ROH BENVENUTI 77 AND 78 ~ RAT E
RELAT IVE TQ SINGLE MUON EVENTS I S ( 1 ~ 1+- ~ 5)it»10¹¹-4 FOR E(NEU) &100
GEV ~ CQNSI STENT WITH E ~ Ns AND DIRECT PRODUCT ION OF MU PAIRS ~

CHARM ASSOC PROD MAY ACCOUNT FOR 20 PERCENT OF PRODUCTION NC
EVIDENCE FOR NEW HEAVY LEPTQNS OR HEAVY QUARK S ~

8 M U+MU+M U- DEGROOT 79 SPEC NEUSAR BEAM
DEGRQOT 79 IS CERN. SPS EXPT ~ RATE RELATI VE TG SINGLE MUON EVE)~TS
IS ( 1 8+-0 ~ 6) E-5 FGR E (NEU) &=30 GEV AND P(MU) &=4 5 GEV/C COULD BE
EXPL A INED AS C ~ C ~ INTERACT ICN ACCOMPANI ED BY A MUON PAIR OF E ITHER
HADRCNIC OR E ~ M ORIGIN AS IN NEU CASE ~ NEGATIVE SIGNAL fOR HEAVY
LETPON

FOUR-LEPTON PRODUCT ION IN, NEUTRINO-NUCL EON INTERACT IONS
1 2M U+ 2MU- HOLDER 78 SP EC
1 2E- E+ MU+ LOV EL ES 5 T8 HBG

HOLDER 78 EVENT I 5 FROM CERN-SPS EXPT ~ RATE RELATIVE TO MU+HU-
E VENT S I S 1 ~ 4E-4.
LOVELESS 78' EVENT IS FROM FNAL EXPT ~ EVENT ALSO HAS 1 KOS AND 7
GAMMA S ~

7/77
7/77
7/77
7/77
7/77

12/77
12/7T
12/77
12/77
12/77
12/77
12/77
12/77
12/77
12/77
12/79«
12/79¹
12/ 79i{'

8/7 8¹
8/78¹
8/78¹
8/7S¹
8/78¹
1/79¹
1/79¹
1/79¹
1/79¹
1/79¹
7/79¹
7/79¹
7/79¹
7/79¹
7/79¹
7/79¹

12/ 79¹
12/79¹
12/79¹
12/79¹
j.2/79¹
12/ 79¹

2/79¹
2/79¹
2/79¹
2/79¹
2/79¹
2/79¹
2/79¹
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S116 Particle Data Group: Review of particle properties

Stable Particles
OTHER STABLE FARTICLE SKARCHKS

Data Card Listings
For notation, see key at front of Listings.

MU

HU

HU

MU

HU

CH
CH
CH
CH
CH
CH
CH
CH

CS
CS
CS
CS
CS
CS
CS

D

0
D

D

D

D

0
D

0
D

D

0
D
0
D

D

0
D

D

D

0
0
0
D

D

D

D

0
0
D

D

D

ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH

CA
CA
CA
CA
CA
CA
CA
CA
CA

DI — AND TRI —MUON PRODUCTION I N MU NUCLECN INTERACT IONS
11 TR IMUCN EVENTS CHANG 77 SP EC
32 DI MUON EVENTS CHANG 77 SP EC
CHANG 77 DIMUON RATE IS GT 5¹IO¹¹-4 THAT OF INCLUSIVE MUON RATE
CROSS SECT IQN UNCORRECTED FOR ACCEP TANCE IS 5¹10¹¹-36 CM¹¹2/NUCLEON

HEAVY PART ICLE PRODUCTION CROSS SECTION (CM¹¹2)
0 1 ~ E-31 QR LES S LE IPUNER 73 CNTR +- M=3-ll GEV

~ 3—1 ~ 3E-3 j. OR L ESS CARROLL 78 SPEC H=2 ~ —2 5 GEV
LEIPUNER 73 IS AN NAL 300 GEV P EXPT ~ WOULD HAVE DETECTED PARTIC( ES
WI TH LIF ETIHE GREATER THAN 200 NSEC
CARROLL 78 LOOK FOR NEUTRAL r S=-2 DIHYPERON RESONANCE IN
P P ——& 2K+ X ~ CS VARI ES W ITHIN ABOVE LIMITS OVER MASS RANGE AND
PLAB= 5 ~ 1-5 ~ 9 GE V/C ~

HEAVY PART I CLE PRODUCTION CROSS-SECTION ( CH¹¹2/NUCLEON)
0 2 5E-35 QR LESS GUSTAF SON 76 CNTR 0 T AU GT 1 0¹¹-7

GUST AFSON 76 I 5 A 300 GEV FNAI E XPT LOCKING FOR HEAVY (N G T 2 GE V)
LGNGLI VED NEUTRAL HADRONS IN THE M4 NEUTRAL BEAM ~ THE. ABOVE TYPICAL
VALUE IS FOR N=3 GEV AND ASSUMES AN INTERACTI CN CROSS SECTION OF
1 MB ~ VALUES AS A FUNCTION OF MASS AND INTERACT IQN CROSS SECTION
ARE G IVEN IN F IG ~ 2 ~

HEAVY PARTI CLE PRODUCTION DIFFERENTIAL CROSS SECTION (CH¹¹2/SR-GEV)
0 1 5E-36 QR LESS DDRFAN 65 CNTR BE TARGET M=3-7GEV
0 3 ~ OE —36 GR LESS DORFAN 65 CNTR FE TARGET H= 3-7GE V

0 2.4E-35 GR LES S CL= 90 BI NON 69 CNTR Q=- H=l-1 8 GEV
0 2 4E-35 OR LESS CL= 90 ANT IPGV1 71 CNTR Q=- H= 1 ~ 2- 1 7r 2 ~ 1-4
0 1 ~ 2E —35 GR LESS CL= 90 ANTI PGV2 71 CNTR Q=- M=2. 2-2.8
0 5 BE—34 GR LESS CL= 90 ALP ER 73 SPEC +— M=1, 5—24 GEV
0 1 ~ E —31 OR LESS CL"-.90 APPEL 74 CNTR +- M=3 2-7 ~ 2 GEV
0 2 2E-33 QR L ESS CL=.90 AI BROW 75 SPEC Q=+-1 H=4 —15 GEV
0 1 lE-33 GR LESS CL= ~ 90 ALBROW 75 SPEC Q=+-2 H 6-27 GEV
0 8 ~ E —35 OR LESS CL= 90 JOVAhlOVI C 75 CNTR +- H=15 —26 GEV
0 1.5E-34 OR L ESS CL=.90 JOVANOVIC 75 CNTR Q=+-2r M=3-10 GEV
0 6. E —35 OR LESS CL=.90 JOVANOVI C 75 CNTR Q=+-2r M=10-26 GEV
0 Zo 6E-36 OR LESS CL=.90 BALD IN '76 CNTR Q= —1 r H=2. 1-9.4 GEV

DORF AN 65 IS A 30 GEV/C P EXPT AT BNL. UNITS ARE P ER GEV MOMENTUM
PER NUCLEUS ~

ANT IPOVl 71 L EMIT INFERRED FROM FLUX RATIO ~ 7C GEV P EXPERIMENT.
ANTI PQV2 71 IS FROM SAME 70 GEV P EXP ~ AS ANT IPDV1 71 AND 8 I NON 69 ~

ALPER 73 I S CERN I SR 26+26 GEV P+P EXPT P&. 9 GEVr .2& BETA & 65.
APPEL 74 I S NAL 300 GEV P+W EXPERIMENT ~ STUDI ES FORWARD PRODUCTION
GF HEAVY (UP TO 24 GEV) CHARGED PARTICLES WITH MOHENTA 24—200GEV( —)
AND 40-150GEV ( +CHG ) ABQ VE TYP ICAL VALUE I S FOR 75 GE V AND IS
PER GEV MOMENTUM PER NUCLEON ~

ALBRGW 75 IS A CERN I SR EXPT WITH ECM=53 GEV THETA=40 HR. SEE
FIG 5 FGR HASS RANGES UP TG 35 GEV
JQVANOVICH 75 IS A CERN ISR 26+26 AND 15+15 GEV P+P EXPERIMENT ~

F IG 4 COVERS RANGES Q=1/3 TO 2 AND N=3 TQ 26 GEV
VALUE IS P ER GEV MOMENTUM.
BALDIN 76 I S A 70 GEV SERP EXP ~ VALUE I S PER AL NUCLEUS AT
THETA=0 ~ FOR OTHER CHARGES IN RANGE -0 ~ 5 TO —3~Or CL= ~ 90 LIMIT I 5
(2.6E-36) /ABS(CHARGE) FGR MASS RANGE (2 ~ 1 TO 9.4GEVI ¹ABS(CHARGE) .
ASSUMES STABLE PARTICLE INTERACTING WI TH MATTER AS DO ANTIPRGTGNS

LGNGL I VED HEAVY. PARTICLE INVARIANT C ~ S ~ (CH¹¹2/GEV¹¹2/NUCLEON)
0 1 ~ lE-37 OR L ESS CL= 90 CUTTS 78 CNTR MASS=4-10 GEV
0 3 OE-37 OR LESS CL= 90 VI DAL 78 CNTR NA55=4 5-6 GEV
0 & E-33 OR LESS CL= ~ 90 ARNITAGE 79 SPEC M=1 ~87 GEV

1 ~ 5E-33 QR LESS CL= 90 ARHITAGE 79 SP EC M=1 5-3 0 GEV
0 BQZZOL I 79 CNTR Q=+ —(2/3 r 1 r 4/3r 2 )

CUTTS 78 IS P BE EXPT AT FNAL SENSITIVE TO PARTICLES OF TAU&5E —8SEC
VALUE IS F CR —~ 3&X&0 AND PT=O 175 ~

VIDAL 78 I 5 FNAL 400 GEV PROTON EXPT. VALUE I 5 FOR X=O AND PT=O ~

PUTS LIF ET INE LIMIT OF &5¹10'¹¹-8 SEC ON PARTICLE IN THI S MASS RAhIGE
ARMI TAGE 79 I 5 CERN-I SR EXPT AT ECH=53 G EV e VALUE I S FOR X=O AND
PT=D ~ 15 ~ OBSERVED PART ICLES AT M=1. 87 GE V ARE FOUND ALL. CONS I STENT
Wj TH BEI NG ANTIDEUTERONS.
BGZZGLI 79 I S CERN-SPS 200 GEV P N EXPERIMENT. LOOKS FOR PART ICLE
WITH TAU LARGER THAN 10¹¹—8 SEC ~ SEE THE IR FIG~ 11-18 FGR PRODUCTION
CROSS SECT ION UPPER LI Nj TS VS MASS ~

CROSS —SEC FOR PROD AND CAPT OF LONG-LIVED MASSIVE PARTICLES (CM¹¹2)
0 ~ 1-9E-36 OR L E 55 FRANKEL 74 CNTR TAU=1 TQ 1000 HRS
0 1.4-9E-36 OR L ESS FRANKEL 75 CNTR TAU~50 HS TO 10 HRS
0 2-20E-34 OR (.E 55 ALEKSEE1 76 ELEC TAU= 100 MS TO 1 DAY
0 2-BE-34 OR L ESS ALEKSEE2 76 ELEC TAU=5 MS TG 1 DAY

FRANKEL 74 LOOKS FGR PARTI CL ES PRODUCED IN THICK AL TARGETS BY
300-400 GE V/C PROTONS
FRANK EL 75 IS EXTENSION OF FRANKEL 74.
ALEK SEEV ( 1 r 2) 76 ARE 61—70 GE V P 5 ERP EXPT ~ CS IS PE R PB NUCL EUS.

12/77
12/77
12/77
1Z /77

5/76
1/79¹
4/76
4/ 76
I /79¹
I /79¹
I/79¹

1/77
1/77
1/77
1/77
1/77
1/77

5/ 76
5/76
3/77
3/77
3/77
5/76
2/76
1/77
1/77
2/76
2/76
2/76
1/77
5/76
5/76
3/77
3/77
5/76
2/76
2/76
5/76
5/76
1/77
1/77
2/76
2/76
5/76
1/77
1/77
1/77
1/77

I/79¹
1 /79¹

12/79¹
7/79¹
7/79¹
1/80¹
1 /79¹

2/79¹
2/79¹
7/79¹
7/7 9¹
7/79¹
1/80¹
1 /80¹
I/80¹

7/76
2/77
4/77
3/77
7/76
7/76

, 2/77
3/77

8J CRNBOE 68 hl C 853 241
BINGN 69 PL 308 510

ANTI POV1
ANTIPOV2
DARDO
TCNWAR
AL PER
LE IPUNE R

71 PL 348 164
71 NP 831 235
72 NC 9A 319
72 JPA 5 569
73 P L 468 265
73 P RL 31 1226

APPEL 74 PRL 32 428
FRANKEL 74 P R D9 1932
YOCK 74 NP B76 175

A LBROW
AP EL
BOYARSK I
BLAGOV
FRANKEL
JOVA NOV I
YOCK

75 NP 897 189
75 PL 56B 190
75 PRL 34 762
75 YAD. F I Z ~ 21r 300
75 P R D12 2561
75 PL 568 105
75 NP B 86 216

AL EKSEE 1 76 5JNP 22 531
AL EKS EE2 76 S JNP 23 633
BACC I 76 PL 568 190

BALD IN
BARB IELL
BRIATORE
EARTLY
ESPQS ITO
GUSTAFSG

76 5 JNP 22 264
76 P L 648 359
76 N C 31A 553
76 P RL 3& 1355
76 PL 648 362
76 PRL 37 474

HOM1 76 P RL 36 1236
HQH2 76 P RL 37 1374
TH EG DOS I 76 P RL 37 126

ASCHHAN 77 PRL 39 124
BARISH2 77 PRL 38 577
BENVENUT 77 PRL 38 1110
BL ETZACK 77 PRL 38 1241
BENS INGE 77 NP 8119 77

CHANG 77 P RL 39 5 19
HOLDER 77 PL 708 393

AL BR I GHT
AI IBRAN
ASRATYA N

BELLCTT I
BE NVE NUT

BHAT
BOSE TTI

78 P R D18 108
78 PL 748 134
78 PL 798 497
78 PL 76B 223
78 PRL 40 488
78 PRAM 10 115
78 PL 748 143

CARROLL 78
CUTT 5 78
DONNE LL Y 78

ALSO 76
ALSO 74

HANS L1 78
HA NSL2 78

ALSO 78

PRL 41 777
P RL 41 363
P R D18 1607
P RL 37 315
PRL 33 179
PL 74B 139
PL 778 114
NP 8 142 381

HOLDER
LOVELESS
HI CE L MAC

MORI
VI GAL
VIERTEL
VYSOTSSK

78 PL 73B 105
78 PL 788 505
78 LNC 21 441
78 P RL 40 432
78 PL 778 344
78 LNC 22 235
78 J ETPL 27 502

ARM ETAGE 79 NP B150 87
BENVENUT 79 PRL 42 1024
BOZZOLI 79 NP 8 159 363

BELOUSOV 60 JETP 11 1143
GGRBUNGV 60 J ETP -11 5 I.
COWARD 63 PR 131 1782
DORF AN 65 P RL 14 999
JQ NE 5 67 P R 164 1584

REFERENCES FOR OTHER NEW PARTICLE SEARCHES

+RUSAKOVrTAMMrCERENKOV (L EBD)
+SP IRIDQNQVr CERENKOV ( LEBD I

+GITTELHANr LYNCHr RITSON ( STAN )
+EADESr LEDERMANr LEE r TING (CCLU }

( MICH+I ISC+LBL+UCLA+MINN+CQ SU+CQLQ+MURA )

+DAMGARDr HANSENr CHATTERGEE+ (BOHR+BERN)
GUTE ILr KACHANGVr KHRGMQVr KUTYIN+ (SERP )

+DENISOVr DCNSKOVr GORINr KACHANOV+ ( SERP)
+DENI SOVr DONSKOV r GORI Nr KACHANOV+ (5 ERP )
DARDOr NAVARRAr PENENGOr SITTE (TCRI )
TONWARr NARANANr SREEKANTAN (TATA)

(CERN+LE VP+LUNO+BOHR+RHEL+ST CH+BERG+L CUC )
+LARSENr SESSQMSr SMITHr WILLIAMS+ (BNL+YALE)

+BOURQUINr GAINE Sr LEDERMANr PAAR+ {COLU+F hAL)
+FRAT Ir RESVANISr YANGr NEZR ICK ( P ENN+F NAL)
P C M YOCK (UNIV GF AUCKLAND)

+BARBERrBENZ+(CERN+OARE+FOM+LANC+MCHS+UTRE)
+AUGEN STE I Nr BER TOL UCC I r DQNSKOV, + ( SERP+C ERN t
+BREIDENBACHr BULQSr FELDMAhI+ {SLAC+LBL)
+KOMARr NURASHOVA, SYRE I SHCHI KOV A+ ( L EBD )
+ FR A T I r R E SVA N I 5 r YA NG r NE Z R I C K ( P EN N+ F NA L )
JQVANOVICH+ (NANI+AACH+CERN+GEhlG+HARV+TORI )
P C..M. YOCK ( UNI V OF AUCKLAND+5 LAC )

ALEKSEEV r ZAITSEV r KALI NI NAt KRUGLOV+ ( J INR )
ALEK SEEVrZAITSEV r KALI NI NA r KRUGLGV+ ( J INR}
+8 IDOL I r PE NSGr ST ELLA ~ + ( ROM A+F RAS )

+VERTOGRADGV VISHNEVSKI I GR ISHKEVICH+( J INR)
BARB I E LLI NI r NI COLE TT I+ ( FRAS+NAPL+P IS A+ROMA )
+DARDOrPIAZZOLI r MANNOCCHI+ (LCGT+FRAS+FREI )
+GIACOMELL Ir PRETZI ( FN AL+BGNA+M P I M )
+FEL IC ETTI r HARI NI r+, ( FRAS+ RONA+ PADG+NAPL )
GUSTAFSONr AYRE ~ JONESr LONGGr HURTHY (MICH)

+LEDERHANr PARR, SNYDER+ (COLU+FNAL+STON)
+LEDERHANr PAARr SNYDERr + (CDLU+FNAl +STON)
THEODOSIOUrGITTE LMANr HAhSQNr LARSON+ (CCRN)

+COY NE r GRGClM+ f PRI N+P AV I+UHD+UCS D+SLAC )
+BARTLETTr BODEKr BROWN + (CIT+FNAL+RGCK)
8 ENV ENUT Ir CL IN E+ {FN AL+ HAR V+P E NN+R UTG+ W I SC )
BLETZACKERr NI EHr SONI (5 JGN+U CS 8 )

{BRAN+BNL+C ARN+C I NC+C UNY+MASA+P E NN+ 5 NA 5 + )

+CHEN VAN GI NNEKEN ( MSU+F NAL )
+KNQBLOCHr MAY+ (CERN+DORT+HE ID+SAC L+BGNA )

+SMITHr VERMASEREN {F N A L+ S TON+ P URD )
AACH+ 8 AR I+B ERG+BR UX+C ER hl+EP OL+M I L A+OR SA+
+ EP 5 TE IN r F AKHRUTD I NOV+ (ITEP+SERP)
+FIDRINI rZANOTTI ( MILA)
BENVENUTI+ ( FNAL+HARV+PENN+RUT G+W I SC )
+RAMANA HURTY (TATA}
+DEDEN+ ( AACH+BONN+C ERR+& 0 I C+OXF+ SAC L )

+CHIANGr JOHN SONr KYCI A r K I + ( BNL+ PRI N)
+DULUDE + ( BRQW+FNAL+ILL+BARI+HIT+W ARS)
+FREEDMANrLYTELr PECCEI r SCHWART Z {STAN)
REINESr GURRr SGBEL
GURR ~ REI NE Sr SGBE L

+HOLDER KNOBLOCH+(CERN+DORT+HE ID+SACL+BGNA)
+HOI DER r KNOBLOCH+ ( CER N+ DORT+HE ID+S AC L+ BGNA)
HANSL r HOLDER+ ( CERN+DORT+HE ID+S ACL+BGNA)

+ KNOB LOCHr MAY+ ( CERN+ DORT+HE ID+S ACL+8 GNA )
+BENADA+CAHERINI+ (WISC+LBL+FNAL+HAWA+WASH)
MICELNACHERr PONT ECORVO (J INR)
+BEN VENUTI+ ( F NAL+ HARV+ PE NN+ RUT G+ W I SC }
+HERBr LEDERNANr SNYDER+ (COLU+FNAL+STON+UCB)
+HAHNr SCHACHER ( BERN )
VYSGTSSKII+( INST. APPL MATH. ~ USSR ACA. SCI. )

+BENZ r BGBBE NK+ ( CE RN+DA RE+FGM+ HCHS+UT RECHT )
BENVENUT I+ {FNAL+HARV+OSU+PENhl+RUTG+WI SC)
+BUSSI EREr GI ACOMELLI ( BGNA+CERN+LAPP+SACL )

Y

8

HEAVY PART I CLE FLUX IN COSHI C RAYS (NUM
0 3.0E —10 OR LESS 8 JORhIBQE
0 5.0E —11 OR LESS CL= ~ 90 JONES
0 3 OE-8 OR LESS DARDG
0 I ~ 5E —9 QR LESS TON WAR

5 6. E-9 OR MORE YOCK
0 7 E-10 OR LESS . CL= ~ 90 YQCK
0 1.0E-9 QR L ES5 BR IATCRE

1 3E-9 OR LESS CL= 90 BHAT
3 4.3+-1.3 E-11 GOOD MA N

YGCK 74 EV ENTS COULD BE TRITCNS
BHAT 78 I S AT KQLAR GOLD FIELDS ~ LIMIT

BER/CM¹ &2- SEC- SR )
68 CNTR M ABOVE 5 GEV
67 ELEC M=5 TO 15 GEV
72 CNTR
72 CNTR M GT 10 GEV
74 CNTR M GT 6 GEV
75 ELEC +— Q GT 7 OR LT —7E
76 E LEC
78 CNTR +- H GT 1 GEV
79 ELEC M&= 5 GEV

IS FOR TAU & 10¹¹-6 SEC ~

4/77
3/77
4/77
4./77
1/76
9/76
4/77
1/80¹
7/79¹
1/76
1/80¹

COT EU S
.DE GROOT

D ISHAW
GGCDHAN
SH IT H

79 PRL 42 1438
79 PL 858 131
79 P L 858 142
79 PR D19 2572
79 NP 8149 525

+DIESBURGr FINEr LEEr SOKOLSKY+ (COLU+ILL+BNL)
+HANSL rHOLDER+ ( CE RN+ DORT+HE ID+SACL+BGNA )
+DIAMANT-BERGERr FAESSLERrLI U+ ( SLAC+CI T)
+ELLSWORTHrITGr MACFALLr SIGHAN + (UMD )
+BENNETT f RHEL )

LIGHT {BETWEEN HU AND E MASSES) PARTICL
0 NONE BETWEEN 6 AND 25 BELOUSGV
0 NONE BETWEEN Z AND 25 GORBUNQV
0 NONE BETWEEN 5 AND 175 COWARD
0 NQNF BETWEEN 5 AND 175 COWARD
0 NONE BETWEEN 2 AND 13 BLAGGV
0 NONE BETWEEN 2 AND 10~ 6 BLAGOV
0 NONE BETWEEN 120 AND 190 VIERTEL

BLAGQV 75 BOUNDS ON LIFET I ME DEPEND ON

CECR EASES AT 2 GEV THE EXPERIMENT I 5
FGR SPINGRr TAU&5E —jj SEC FCR SCALAR
V IERTEL 78 SEARCHES FDR NU+ ——&X+ NEU ~

RANGE GIVEN ABOV E (CL= 90)

E MASS ( UNITS —ELECTRON MASSE S )
60 CNTR SPI NQR, TAU&1 E—8
60 CC SPINORr TAU&1 E-9
63 CNTR SP INGRr TAU&22 E-10
63 CNTR SCALAR r TAU&&8 E-10
75 CNTR SPINORr TAU&ZE —10SEC
75 CNTR SCALARrTAU&ZE-IOSEC
78 CNTR TAU &2 ~ E-5 SEC

MASS AND IMPROV E AS MA SS
SEN S I T I VE TG TAU&3E-1 1 SEC

F ENDS BR&2 E-6 IN MASS

5/76
5/76
5/76
5/76
2/76
2/76
1/80¹
4/77
4/77
4/77
I/80¹
I /80¹

CGN
CON

CONCENTRATION OF HEAVY STABLE PARTICLES IN MATTER
~ E—22 TO 1 ~ E-21 OR LESS SMITH 79 SP EC WATERr M~b-350 MPROT

7/79¹
7/79¹
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Data Card Listings
For notation, see key at front of Listings.

Mesons
7r+ 7rO r] p(7 "70)

S=O, C=O MESON STATES
¹¹¹¹¹¹¹¹¹

8 CHARGED PION(140t'JPG=O--) I~ 1

SEE STABLE PARTICLE DATA CARD LISTINGS

9 NEUTRAL PION(135& JPG~O —) I=j
SEE STABLE PARTICLE DATA CARD LISTINGS

H CHARGED ONLY
M (748 0)
M 130 ( 775 0)
H R ( 760 ~ 0)
H R ( 768.0)
M R (765~ 0)
H R ( 760. 0)
M R (765 ' 0)

R 2775 ( 753 ~ 5)
M R (758&0)
M R ( 749 0)
M Z 900 767 ~

H R ( 768 0)
M .R ( 773 ~ 0)
H 1700 (782 )

9650 764 3
M A 9650 (764.3)
M 1300 778.0
M X 6500 766
H ~ ~ ~ ~ ~

M AVG l66 7
M STUDENT 766 0

(9 0)
(5.0)
(5&0)
(5 ~ 0)
(5.0 )

( 10~ 5)
(10&0)
{3 0)
6 ~

(5 0)
(2 ~ 0)
(5. )

1 9
(19.2)

4.0
7 ~

1.8
( 3.3)

KE NNE Y
GUIRAGOSS
CA RMONY
BL IEDEN
ALFF-STEI
HA GOPI A Nl
HAGQP I AN 2
JACOBS
JAMES
WEST
E I SNER
MILL ER
BA TQN
FOSTER
PISUT
PISUT
REYNOLDS
BYERLY

62 HBC
63 HBC
64 HBC
65 MM SP
ee HBC
66 HBC
66 HBC
66 HBC
ee HBC
66 HBC
e7 HBC
67 HBC
68 HBC
e8 HBC
68 RVUE
68 RVUE
69 HBC
73 QS PK

+ .

1 ~ 2 PI —P
3 3 PI-P
3 ' 5 PI+P&TCUT
3-5 PI — P
2-3 P I+ P
3.0 PI — P
2 ~ 14 PI —

& TCUT12
2 —3PI —

& T CUT 20
2. I PI+ g TCUT2 ~ 5
2 ~ 1 PI — P

2 PI —
g T CUT10

2. 7 PI —
& T CUT20

2.8 PI —
& T CUT13

PBAR P AT REST
1 7 3 ~ 2PI &CT10
1 7-3 ~ 2 PI —gCT10
2 26 P I—
5. PI — P

6 /66
6/66
6/66
9/67
6/68
8/66

10/66
1/73
9/66
7/69
1 /73
6/68
6/68

12/7 8¹
2/74

2 8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 8)2.0 AVFRAGE USING STUDENT10{H/1. 11) -- SEE MAIN TEXT
( S E E IDEOGRAM BELOW )

14 ETA(549' JPG=O-+) I=0

SEE STABLE PARTICLE DATA CARD L ISTINGS
WEIGHTED AVERAC&E:766 ~ 7 + 2aB

ERRljR SCALED BY l.B

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
9 RHO(770& JPG = 1-+) I=1

Note on the P 'Mass and Width0

Because of the broadness of the p meson,

determinat. ions of the resonance parameters are
beset with many difficulties. In physical-regj on

fits, it is well known that the p line shape does

not correspond to a relativistic Breit-Wigner
function with a P-wave width, but requires one

further shape parameter (PISUT 68). The same

remark applies to the energy dependence of the
lphase shi ft 6 . Di fferent ways of introducing the

shape parameter lead to systematic differences in
addition to the systematic errors due to different
ways of accounting for the background in physical-
region f it.s, or due to di fferent ways of pro jecting
out the partial waves in phase-shi ft analyses.

We consider phase-shift analyses more reliable
than physical —region fits.

All phase-shift. analyses can now be summarj zed

by, two pairs of parameters which agree: xn an

analysis of the BATON 70, HYAMS 73, and PROTOPOPESCU

73 phase shifts, ROOS 75 obtains M(p ) = (776.3 + 0.4)0

MeV I (P ) = (154.5 + 1.0) MeV; combining the HYAMSI

73 data wit. h more recent dat. a on polarized protons,
BECKER2 79 obtains M (p ) = (776.l + 2.6) MeV,0

I"( ) = (l61.8 ) MeV. We base our "educatedP

guess" on these values.

750 760 770
CHARbED RHO f1ASS (HEV)

7BO

73 DSPK
69 HBC
6B RUUE
67 HBC

CHISQ
0.0
B.o
1.7
0.0
9.7

(CONLEU
=0.022)

HO NEUT RAL ONLY
MO 190 ( 750 0)
MO R 300 ( 760 0)
MO 160 ( 775 ~ '0)
MO R 500 ( 770. 0)
MO R ( 750 ~ 0)
MQ R (775 0)
MO R (770 )

MO R 4207 ( 758 ~ 0)
MO R {765. 0)
MO R (760.0)
MO P 4000 (765 1

MO R ( 768 ~ 0)
MO R (761. )
MO R ( 770 0)
MO R ( 775. 0)
MO 1900 (776. 1

MO 2250 775. 0
MO 13300 766 7
MO 8 ( 754. 0)
MO R ( 768 ~ 4)
MQ 1700 774 ~ 0
MO C 759 0
MO P (765 ~ 0)
MO C 12630 ( 760 ~ 0)
MO 140K 767 ~ 7
MO C 761.0
MO 1930 767 ~ 0
MO 2430 770. 0
MO 8 ( 775 ~ 4)
MO 772 ~ 3
MO Z 11200 773 ~ 5
HO 6800 764. 0
MO P (775. 1

MO H ( 778. 1

MO C 32000 775 ~ 0
MO 4. 100 76 & ~

MO H ( 770. )
MO G ( 771 ~ )
MO D ( 776 ~ 3)
MO 76000 768 0
MO 767. 6
MO X 769 0
MO 776. 1
MO ~ ~ ~ ~

MO A VG 769 42
MO STUDENT 769 ~ 11

(20 0)
( 10&0)

(10+0)(5.01
(5.0 )
(5
(7 5)
(8.0)
(3 0)
(5 ~ 0)
(2 ~ 0)
(3 ~ )
(4.0)
(2-0)
(5 )
3~0
2.8

(9 0)
{2.4)

3 ~ 0
7 ~ 0

( 10 ~ 0)

1 9
5 0
4 0
4 0

(7 3)
5 9
1 7
3 ~ 0

(5 ~ )
(2 ~ 1

4. 0
4o

(9 ~ )
(1 ~ 1

(0.4)
1 ~ 0
2.7
3 ' 0
F 6

SAMI OS
ABOLI NS
GU IRAGOS S
GQLDHABER
ALFF-STEI
HAGOP I AN 1
HA GOP I AN2
JACOBS
JA MES
WE ST
AS BURY 2
BACCN
HUWE
MILLER
ARME NI SE
FOSTER
HYAMS
PI SUT
AUSLENDE R
MA LA MUD

RE YNGL DS
SCHAREN
ALVENSLEB
BATQ N

BI GG S
BA ILLCN
BALLAN
BALLAM
8ENA KSAS
BE NAKSA S
JA COB S
RATCLIFF
GLADDING
HY AMS
PROTOPOPE
ENGLER
ESTABROOK
GRAYER
RODS
DE UTSCHMA
BARTALUCC
III CKLUND
BECKER

62 HBC
63 HBC
63 HBC
64 HBC
66 HBC
66 HBC
66 HBC
66 HBC
66 HBC
66 HBC
67 CNTR
67 HBC
67 HBC
67 HBC
68 DBC
68 HBC
68 OS PK
68 R VUE
69 OS PK
69 RV UE
69 HBC
69 HBC
70 CN TR
70 HBC
70 CNTR
72 ASPK
72 HBC
72 HBC
72 OS PK
72 RVUE
72 HBC
72 AS PK
73 CN TR
73 ASPK
73 HBC
74 DBC
74 RVUE
74 ASPK
75 RV UE
76 HBC
78 CNTR
78 AS PK
79 A SPK

0 4 7 PI —P
0 3.5 PI+P
0 3 ~ 3 PI —P
0 3 7 PI+P
0 2-3 PI+ P
0 3 0 PI — P
0 2.1 PI —

& TCUT 12
0 2-3P I —

& T CUT 20
0 2 1 P I+ P
0 2 1 PI — P
0 GAMMA + PB
0 1 ~ 7 PI —P
0 2 ~ 4 PI — P
0 2 ~ 7 PI —

& T CUT20
0 5.1 PI+D
0 PBAR P AT RE ST
0 11 2 PI — P
0 1 ~ 7—3 ~ 2PI —&CT 10
0 E+E— COLL .BEAMS
0 2 —4 PI —P
0 2. 26 P I- P
0 2-4 P I — P
0 GAMMA A & TCUT ~ 01
0 2 ' 8 PI — P
0 PHCTQPRGD
0 15. P I- P
0 2 ~ 8 GAMMA P
0 4. 7 GAHMA P
0 E+ E- COLL ~ BEAMS
0 E+E- COLL ~ BEAMS
0 2 8 P I- P
Q 15 ~ PI —PgTCJT ~ 3
0 2 9-4 7 GAMMA P
0 17 PI —P& PI+PI —N

0 7 1 PI+ P ~ 'TCUT ~ 4
0 6. Pi+A, PI+PI —P
0 17 PI —PgP I+P I —N

0 17 PI —P & PI+PI —N

0 PHASE SHIFTS
0 16 PI+ P
0 BREMS& E+E-P
0 3& 4& 6 PI+ —PN
0 17.PI —P PCLARI Z

6/66
6/66
2/67
6/68
6/66

10/66
1/73
9/6 7
7/67
9/66
6/68
1/73
9/68
1/73
2/74
1/73

12/78¹
1/73
1/73
1/71
1/73
1/73
1/73
1/73
2/74
2/74
1 /73
2/74
2/74
1/74
2/74

12 /75
12/75
2/74

12/75
4/78¹

12/77
4/78¹

12/79¹
0 ' 86 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 5)
0 ~ 78 AVERAGE USING STUDE NT10{H/1. 11) —— SEE MAIN TEXT
( SEE IDEOGRAM BELCW )

M MIX E 0 CHARGES
M 240 ( 752 0)
M 290 ( 755 0)

ALITTI 63 HBC -0 1 6 PI —P
CHADWICK 63 HBC +-0 0.0 PBAR P

9 RHO MASS (MEV)

WE NO LONGER LI ST S-)&AVE BREIT—
W IGNER F ITS PEAR P DATA WITH HIGH

COMB INATOR IAL BACKGROUND, AND I NSIGNI F ICANT OR DOUBTFUL DATA ~
SEE ALSO THE MINI-REVIEW ABOVE ~

H A

M 8
M C
M 0
M G

M H

H P
H R

H X
M Z

—---—---NQTES----------

ERRORS ARE 2 STD AND INCLUDF SYSTEMATIC UNCERTAI NTI E S FROM THEORY
INCLUDED I N BENAKSAS 72 REVUE VALUE
FROM PQL E EXTRAPQL ATION
INCLUDES BATON 70& HYAMS 73 & PRQTOPOPESCU 73
INCLUDED I N BECKER 79 ANALYSI S
FROM PHAS E SHIFT ANALYSIS OF GRAYER 74 DATA ~

FROM PHOTOPRQDUCTIQN& MODEL DEPENDENT
INCLUDED IN P I SUT 68 RVUE
SYSTEMATIC ERRORS ADDED CORRESP ~ TO SPREAD OF DIFFERENT FI TS
MASS ERRORS ENLARGED BY US TO WIDTH/SQRT{N) SEE K¹ TYPED NOTE
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Me sons
(vvo)

Data Card Listings
For notation, see key at front of Listings.

D

D

D

0
0
D

LIEISHTED AUERA&E = 769.42 & O. B6
ERRtjR SCALED BY 1.5

750 760 770
NEUTRRL RHlj t1ASS {f1EU)

BECKER 79
. LJICKLUNO 7B
. BARTALULC 7B
. DEUTSI:O'MI:I 76
. ENABLER 74
+' R ij T 0 P Ij P E 7 3

~ .RRTCLIFF 72
. J}:IC{jBS 72
BEHAKSI:IS 72
B}-ILL}:I{1 72

72
IjN 72

70
EN 69
LOS 69

6B
6B

7907HO

I:I 5PK
I-ISPK
CNTR
HBC:

OB{:
HBC
I:IS PK

HBC
RUUE
HBC
HBC
ASPK
} NTR

HBI:
HBC
RUUE
GSPK

CHISQ
6.6
0.0
0.5
2.a
0.4

1.9
3.3
5.B
0.2
CI. O

p

2.B
O. B
2.2
2.3
0.9
3 ~ 5

33.7
{}"ONLEU
=0.006)

(RHGO) — {RHO+-) MiASS DIFFERENCE (ME V)

A 3600
22950

A 3000

AVG
STUDENT

-5 ~

2 4
—4 ~ 0
» ~ ~

0 3
0 3

5
2 1
4 0

» ~ ~ ~

2 ' 2
2. 1

FOSTER 68 HBC +—0 PBAR P AT REST jz/78+
PISUT 68 RVUE PI N TG RHG N 6/68
REYNoLDs e9 HBc -Q 2.26 pI- p I 2/78+

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 3)
AVERAGE USING STUDENT10(H/1 11 } —SEE MAIN TEXT

'W 8
C

W D

G
W H

P
W R
W X
W Z

--———---NOTE S——---——

9 RHG PARTIAL DECAY MODES

Pl
P2
P3
P4
P5
P6
P7
PB

RHO I NTO 2P I
RHQ INTO 4PI
RHG I NTO P I GAMMA

RHO INTO E+ E-
RHO INTO PI ETA ( VIOLATES G)
RHG I NTO MU+ MU-
RHO INTO PI+ PI — PI 0 (VIOLATES G)
RHO I NTG ET A GAMM A

DEC AY MASS ES
139+ 139
139+ 139+ 139+ 139
139+ 0

~ 5+ ~ 5
139+ 548
10 5+ 105
139+ 139+ 134
548+ 0

9 RHO BRANCHI NG RAT I OS

Rl PHG I NTO 4PI/2PI (P2}/(Pl)
Rl
Rj
Rl
Rl
Rj

Rl
Rj
Rl
Rl
Rl

RHO+- INTO t PI+- P I+ P I- P IO) 1 ( P I+- P IO)
(0 ~ 026}OR LESS 8}' I EDEN 66
(0 ~ 01 ) OR L ES5 DE UT SCHMA 66
{0»002)GR LESS F ERBEL 66
0 ~ 0035 0 ~ 004 JAMES 66

RHQO I NTO ( PI+ PI — PI+ PI-) 1 (PI+ PI —)
{0~ 008)OR LESS JAME S 66
(0 ~ 002) OR LESS CHUNG 68
(0, 002)OR LESS CL= 90 HUSCN 68
(0 0015)QR LESS CL= 90 GERMAN CO 69

MMS P — 3-5 P I- P 6/66
HBC + 8 0 PI+ P 6/66
HBC +- P I+- P ABOVE 2. 5 10/66
HBC + 2 1 Pj+P lj/66

HBC 0 2 ~ 1 Pj+P 6/ee
HBC 0 3.2r 4. 2 PI —P 7/67
HLBC 0 16 0 PI- P I/71
HBC 0 2 5-5 8 GAMMA P 10/67

INCLUDED I N BENAKSAS 72 REVUE VALUE
FROM POLE EXTRAPOLATION
INCLUDES BATON 70r HYAMS 73r PROTQPOPESCU 73
INCLUDED IN BECKER 79 ANALYSIS
FROM PHASE SHIFT ANALYSI 5 OF GRAYER 74 DATA.
FROM PHOTOPRODUCT IGNr MODEL DEPENDENT
INCLUDED IN P I SUT 68 RVUE
SYSTEMATIC ERRORS ADDED CGRRESP TO SPREAD OF DIFFERENT FI TS
WIDTH ERRORS ENLARGED BY US TG 4&W IDTH/SQRT (N) S EE K& TYPED NOTE

QUOTED MA SSES OF CHARGED AND NEUTRAL MODES

9 RHG WIDTH (MEV )

WE NO LONGER L IST 5-WAVE BRE IT-WIGNER F ITS r P BAR P DATA WI TH HIGH
COMBINATORIA} BACKGROUNDr AND INSIGNIFICANT GR DOUBT FUL DATA ~

SEE FURTHER MINI-REVIEW ABOVE»

RZ RHG I NTO PI GAMMA/2PI {UNI TS 10~&-3)
R2 M (20 ~ ) OR LESS LANZERGTT 65
R2 (5. ) 0R LEss ci=.97 FIDEcARG be
RZ (7 ~ ) OR LESS . HUSON 66
RZ M (2 ~ ) OR LESS CL= ~ 90 GERMAN CO 69
RZ 0 24 0» 07 GGBB I 74
R2 C GG BBI 74 QUOT ES T HE PART I A{. W IDTH FOR RHG-
R2 C AS (35 +- 10) KEV
R2 M ONE PION EXCHANGE MODEL USED IN THIS

CNTR
QS PK
HLBC
HBC
QSPK
I N TO

( P3) /(Pl }
GAMMA P( BREMS)

15 PI-PB

11/66
10/66
6/66

ESTIMATION

23 Pl-Ar PI-PIOA 12/75
P I- GAMMA

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

CHARGED
130 (

ONL Y

125.0)
( 90. 0)
180 0)
(77 0)
100 0)
127.0}
150 0)
135.0)
137 ' 1)
147» 0}
149 ' 0)
146
153.0)
150~ 0 )
145 0)
147» 3
157~ 0
146 ~

98 (
R
R
R (
R (
R (
R Z775
R (R,(

900
R (
R

1700 (
96 50
1300

X 6500

AVG
STUDENT

~ ~ ~

148 2
148.2

MIXED CHARGE S
Z90 (110 0)

( 10.0}

(20.0)

(5.0)
{20» 0)
(20 ' 0)
(20.0 )
( 19~ 0)

t13 0)
13»

t 13.0)
(5 0)

( 10.0)
4.0

10» 0
12 '

3»4
3 ~ 7

CHADWICK 63 HBC +-0 0 ~ 0 PBAR P

3 9

GU I RAGOS 5 63
SAC} AY 63
BQNDAR 64
CARMQNY 64
ALFF-STE I 66
BL IEDEN 66
HAGGPIANl bb
HAGOP IAN2 66
JACOBS 66
JANE S 66
WEST 66
EISNER 67
MILLER 67
BATON 68
FOSTER 68
P I SUT 68
REYNOLDS 69
BYERLY 73

HBC
HBC
HBC
HBC
HBC
MM SP
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
RVUE
HBC
OSPK

3 3 Pi-P
2.8 P I+P
4 1 PI —P
3 ~ 5 P I+P r TCUT 4
2-3 PI + P
3-5 Pj — P
3 0 PI — P
2 ~ 14 PI —r TCUT12
2-3P I-r T C}JT 20
2»1 Pj+r TCUT2»5
2. 1 PI — P
4»2 PI —r T CUT10
2 7 Pj —r T CUT20
2»8 PI- P
PBAR P AT REST
1 7-3~ 2P I —rCTI 0
2 ' 26 PI — P
5 ~ PI- P

6/ee
6/66
6/66
9/67
6/68
8/be

10/66
9/67 '

9/be
7/69
1/73
6/68

I 2/784
2/74

AVERAGE ( ERROR INCLUDES SCALE FACTOR GF 1 ~ 0 }
AVERAGE USING STUDENT10{H/I ~ 11} -- SEE MAIN TEXT

+ +Note on the e e and p p Decays

0 +Extraction of a ratio for p ~ e e is compli-
cated by interference with {j} decay. In photopro-

+duction, "fA ~ e e A, there is substantial interfer-
ence between the allowed (P, (0) ~ e e decays. The

+inter ference in the colliding-beam react, ion e e
7T Tt is due to G-parity-violating mixing of the

0overlapping p and {I) resonances; it alters the
0 +results for the rate I'(p ~ e e ) only by a small

GNL Y
( 150~ 0)
{90 0}

(175 0)
{130.0)
f 100.0)
(120.0)
{135. 0)
( 122 ~ 2)
( 103 ~ 0)
( 173.0)
(130 )
( 148~ 0)
( 152. )
(160»0)
( 167~ 0)
(132. )
145.0

(160 ' 0)
(105 ' 0)
{ 132 ~ 0)

143 ~ 0
119.0

( 140 ~ Q)
(131' Ol

146
108-0
155.0
145.0

( 149'6 )
135.8

( 178 35)
157 ~ 0

( 147 ~ )
( 152 ~ )

160.0
146

( 143 ~ )
( 161. )
(154 5}

154 0
150 ~ 9
152 ~ 0
161.8»»»» ~

15 1 ~ 2
151 ~ 3

WO NEUT RAL
WO 190
WO R 300
WO 160
WO R 500
WO R

WO R

WO R
WO R 4207
WO R
WO R
'WO P 4000
WO R

WO R
'WO R
WO R

WO 1900
WO Z 2250
WO P
WO 8
WO R
WO 1700
WO C

WO P
WO C 12630
WO 140K
WO C
WO Z 2430
WO Z 1930
WO 8
WO

WO 11200
WO b 800
WO P

WO H

WO C 32000
WO 4100
WO H

WO G

WO D

W3 76000
WO

WO X

WO

WO

WO AVG
WO STUDENT

{ZO 0)
(10 0)

(10.0 )
(20 0)
( 15 ~ 0)
(13 ' 0)
( 13.0)

(5 i
(8»0)

(15, )
(15 ~ 0)
{6,0)

(10.)
12»0

(10 0)
(20 ~ 0 )
( 13.0}

8 ~ 0
20 0
( 5.0}

2 9
20 ~ 0
12 0
13.0

(23 ' 2)
15 1
(2 5)

8 0
(11~ )

(2 ~ )
10 ~ 0
14 ~

{13~ )
(4. )
{1 0)
2.0
3.0
9 0
7» 6

1 3
1 ~ 6

7 ~ 2

SAMIOS
ABGLI NS
GU IRAGOS S
GGLDHABER
ALFF-STE I
HAGGP I AN 1
HAGCPIAN2
JACOBS
JAMES
WE ST
AS BUP.Y 2
BACCN
HUWE
MIL{ ER
ARMENI SE
FQ STER
HYAMS
LANZEROTT
AUSE ENDER
MALAMUD
REYNOLDS
SCHAREN
ALVENSLEB
BATON
BI GGS
BA ILLON
BALL AM

BA LLAM
BENAKSAS
BENAKSAS
JACGBS
RAT CL IF F
GLADDI NG
HYAMS
PROTOPOPE
ENGLER
ESTABRGQK
GRAYER
RQQS
DE UT5CHMA
BARTALUCC
WI CKLUND
BECKER

62 HBC
63 HBC
63 HBC
64 HBC
b6 HBC
66 HBC
66 HBC
ee HBC
be HBC
eb HBC
67 CNTR
67 H BC
67 HBC
67 HBC
68 DBC,
68 HBC
68 GS PK
68 CNTR
69 OSPK
69 RV UE
69 HBC
69 HBC
70 CN TR
70 HBC
70 CNTR
72 AS PK
72 HBC
72 HBC
T2 OSPK
72 RV UE
72 HBC
72 AS PK
73 CNTR
73 ASPK
73 HBC
74 DBC
74 RVUE
74 AS PK
75 RVUE
T6 HBC
78 CNTR
78 ASPK
79 AS PK

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0

4 ~ 7 PI —P
3»5 P I+P
3~ 3 PI —P
'3 ~ 7 P I+P
2-3 Pj+ P
3 0 PI- P
2 ~ 14 P I-Pr LOW T
2-3PI- r T CUT 20
2 1 PI+ P
2 1 PI — P
GAMMA + PB
I ~ 7 P I-P
2 4 Pj — P
2.7 Pj —,T CUT20
5 j. P I+D
PBAR P AT REST
ll »2 P I- P
GA MMA P
E+E- COLL. BEAMS
2-4 P I- P
2 26 PI — P
2-4 P I- P
GAMMA Ar TCUT»01
2 8 PI- P
PHOT OP ROD ~

15 PI — P
4 ~ 7 GAMMA P
Z ~ 8 GAiMMA P
E+ E- COLL ~ BEAMS
E+E- COLL »BEAMS
2 ~ 8 PI — P
15 PI —P r TCUT 3
BREMS.
17.P I-P r P I+ P I —N

7»1 PI+Pr TCUT ~ 4
6 ~ PI+Nr P I+PI-P
17 PI-Pr PI+PI-N
17 PI-P, PI+PI-N
PHASE SH I FT S
16. PI+ P
BREMSr E+E P

3r 4r 6 Pl+-PN
17 PI-P PGLARI Z

6/66
6/66
9/67
6/68
6/66

10/66
1/73
9/67
T/67
9/66
6/68
1/73

~ 1/73
1/73
2/74
1/73

jz/788'
1/73
1/73
1/71
1/73
1/73
1/73
1/73
Z/74
2/74
1/73
2/74
2/74
1 /74
2/74

12/75
12/75
2/74

12/75
4/784

12/77
4/78+

12/794

AV ERAGE (ERROR INCLUDES SCALE FACTQR OF 1 ~ 0)
A VERAGE USING STUDE NT10{H/1 I I ) —5 E E MA IN TEXT

( P4) /( Pl )) (UNITS 10&+-4)R3
R3
R3
R3
R3 P
R3 H

R3 A 33
R3
R3 F
R3
R3
R3 AVG
R3 STUDENT

RHO INTO{ E+ E- )/( P I+Pj-

5 EE MINI -RE V I E W AB CVE.

(0 14)
(1 ~ 1)
(0 11)

0 10
(0.1Z)
0»05

CNTR
OSPK
G SPK
OS PK
CNTR
OS PK

{0.65}
{0.65)
(0»53 }
0. 50

(0 ~ 49 )
0 ~ 41

ASBURY 1 67
( 0 5) HE RTZBACH 67

ASTVACATU 68
AUSLENDER 69

(0 ~ 15) 8 IGGS 70
BENAKSAS 72

PHOTOP RGDUCT ION 9/67
ASSUME SU(3 )+M IX I NG 10/66
AssUME 5U( 3 )+ MI xI NG 6/68

E+E- COLL ID BEAM .9/68
P HOTOPR GD UCT I GN 6/70

E+E- COLL BEAMS 12/72
» ~ ~ ~ ~ ~ » ~ ~

0 ~ 428 0 ~ 045
0 ~ 42 8 0» 049

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0)
AVERAGE USING STUDENT10(H/l»11) —— SEE MAIN TEXT

R3 A NOT SEPARATED FROM OMEGA DECAY» ERROR STATISTICAL ONLY ~

R3 F ASSUMING RHG W IDTH 140 MEV ERRC}R STAT I ST ICAL ONLY
R3 H NOT SEPARATED FROM OMEGA DECAY»
R3 P POSSIBLY LARGE RHG-OMEGA INTERFERENCE.

R4
R4
R4

RHO INTO {PI ETA)/(2PI)
(0.03) QR LESS
(0 008) OR LESS

(P5) I( Pl)
DEUTSCHMA bb HBC + 8.0 PI+ P 6/66
FERBEL 66 HBC +- PI+ — P ABOVE 2. 5 11/66

R5 RHQ INTO (MU+ MU- }/(PI+
R5
R5 SEE MINI-REVIEW ABOVE ~

R5
R5 H 0 ~ 31
R'5 R 0 ~ 16
R5 W 0»15
R5 \» ~ ~ ~ ~ »» ~

R5 AVG 0 ~ 12
R5 STUDENT 0 14

0» 97
0.82
0 ' 56

0 ~ 6I
0 67

P I-) {UNITS 1044-4) {P6)/(Pll

0 33 HYAMS 67 QS PK
0 36 ROTHWE LL 69 C N TR

WEHMANN 69 GS PK

). 1 PI — L I 6/67
PHOTGPRODUCT ION 4/70

12 PI- GN Cr FE 7/69

AVERAGE '{ ERROR INCLUDE S SCALE FACTOR GF 1 0)
AVERAGE USING STUDENT 10(H/1 ll) -- SEE MAIN TEXT

amount. Therefore at. present we average only t.he
+ +values from the e e ~ Tl Ti experiments.

0 +The same comment applies to the decay p
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Data Card Listings
For notation, see key at front of Listings.

Me sons
(770), bf(7e3)

R5 H

R5 R
R5 R
R5 W

R5
R5 W

R5

R6
R6 G

R6 G

HYAMS MASS RESOL IS 20 MEV ~ THE OMEGA REGION WAS EXCLUDED
POSSIBLY LARGE RHO-OMEGA I NTERFE RENCE L EADS US TG INCREASE
T HE M INUS ERROR
RESULT CONTAINS (11 +- ll ) P ER CENT CORRECT IQN USING SU(3)
FOR CENTRAL VALUE ~ THE ERROR GN THE CORRECTION TAKES ACCOUNT
OF POSS I BL E RHQ-GHEGA INTERFERENCE AND THE UPP ER L IMI T AGREE S
WI TH THE UPPER LIMIT GF ( OMEGA I NTO HU+ MU-) FROM THIS EXP' ~

RHO INTO (PI+ PI- PIO)/(PI+ PI-) ( P7) /(P 1)
(0 ~ 01) QR LESS CL= 84 ABRAMS 71 HBC 0 3 7 PI+ P

MCCEL DEPENDENT ASSUMES I = 1 2 OR 3 FOR THE 3PI SYSTEM
11/71
11/71

BA ILLON 72
BALLAM 72
BASDEVAN 72
BENAKSAS 72
DRIVER 72
EI SENBER 72
GRAY ER 72
GRAYER 72
JACOBS .72
RATCLIFF 72
TAKAHASH 72

PL 38 8 555
PR D 5 545
Pl 41 B 178
PL 39 8 289
NP 8 38 1
PR D 5 15
PHIL ~ CCNF PROC'
NP 8 50 ?9
PR 0 6 1291
PL 38 B 345
PR 0 6 ). 266

+CARNEGIE r KLUGE r LE I THr LYNCH r RATCLIFF+ ( S LAC )
+CHADWICKr B INGHAMy HI LBURNr+ ( SLAC+LBL+ TUF T]
BASD EVANT r FR QGGAT T r PET E RS'EN (CERN )
+CQSME r JEAN-MARI E r JULLI ANr LAPLANCHE r+ (QRSA)
+HE I NLOTH HQHNEy HOFMANN RATHJE y+( DESY+HAMB )
EI SEND ERG r BALLAMr DAGAN r + ( RE HQ+S LAC+V ELA ]

5 +HYAMS r JONES t SCHLE IN rBL UMr DIE TL+ (CERN+ MPI M)
+HYAMS r JONES r WEILHAMMERt BLUMt+ (CERN+MP IM )
L.D JACOBS ( SAC LAY)
+BULQS CARNEGIE KLUGE L EITH LYNCH + ( SIAC]
TAKAHASHI r BARI SH r+ ( TQHQ+ PENN+NOAH+ ANL )

R7
R7 A

R7 8
R7 A

R7 A

R7 B

RHC INTO ( E TA GAMMA ) /TOTAL ( UNI TS 10¹¹-4) {PB)
(3 ~ 6) (0 ~ 9) ANDREWS 77 CNTR 0 6 ~ 7-10 GAMMA CU
(5 4) (1 1) ANDREWS 77 CNTR 0 6 e7-10 GAMMA CU

SOLUTION CORRESPONDING TO CONSTRUCTIVE OMEGA-RHG INTERFERENCE
THE QUARK MODEL PREDICTS A RELATIVE DECAY PHASE OF ZERO+
SOLUTION CORRESPONDING TO DE STRUCTI VE OMEGA-RHQ INTERFERENCE

12/77
12/77

BYERLY 73 PR 0 7 637
CHARLESW 73 NP B 65 253
GLADDING 73 PR 0 8 3721
HYAMS 73 NP B 64 134
PRCTGPOP 73 PR 0 7 1280

+ANTHONY, COFFIN, MEANLEY, HEYER, RICE, + {MICK)
CHARLE SWORTH r EMHS t BELL t + (RHEL+BI RM+DURH)
+RUSS EL TANNENBAUM WE I S S THOMSON ( HAR V)
+ JGNES r WEI LHAMMERr BLUHt DI ETLr + (CERN+M PIM )
PRQTOPOPESCUr GARNJOSTrGALTIERI rFLATTE+( LBL)

ANDERSON 61 PRL 6 365
ERWI N bl PRL 6 628
KENNEY 62 PR 126 736
SAM IGS 62 PRL 9 139
XUCNG 62 PR 128 1849

REFE RENCES FOR RHO

ANDERSGNrBANGt BURKEr CARHONYr SCHMITZ (LRL)
A ~ R ~ r R ~ HARCHr W ~ D ~ WALKER y E ~ WEST ( WI SC)
V P KENNEY y W D SHE PHARDy C D GALL (KENTUCKY )
SAMI GS yBACHMANr LEA+ ( BNL+CUNY+CGLU+KRTY }
NGUY EN HUU XUONG GERALD R L YNCH ( LRL)

CARROLL
ENGLER
ESTABRGQ
GQBB I
GRAYER
HABER
NQ ROBER G

SPITAL

74 PR 0 10 1430
74 PR D 10 2070
74 NP 8 79 301
74 PRL 33 1450
74 NP B 75 189
74 PR D10 1387
74 PL 51 8 106
74 PR D 9 126

+MATTHE WSr WALKER+ ( SLAC+DUKE+WISC+T RTO)
+KRAEMER r TQAFFr WEI SSERr DIAZ+ (CARN+CASE)
P ~ ESTABROOKS rA 0 ~ MART IN ( OUR H )
+ROS EN r SCOTT r SHA PI RO+ ( N W E S+ROC H+CARN )
G. GRAY ERr HYAHSr BLUMy D IE TL y+ {CERN+MPIM)
+HQDGUSy HUL SI ZER r KI ST I AKQWS KY, LEVY+ {MIT )
+ABRAMi SON r ANDREW Sr HARVE Yt+ (CORN+ RQCH]
R SPI TAL, D ~ R.Y ENNI E {CCRN )

RQQS 75 NP B 97 165 Me ROGS (HELS )

ABCL INS 63 PRL 1 1 381
ALI TTI 63 NC 29 515
CHADWICK 63 PRL 10 62
GUIRAGOS 63 PRL 1 1 85
SACLAY 63 SIENA CONF 1 239

BGNDAR 64 NC 3 1 729
CARMCNY 64 DUBNA CONF 1 486
GCLDHAB E 64 P RL 12 336

ABQL INSrLANDERr MEHLHOP r NGUYENt YAGER ( UCSD)
ALI TTI y BATCNr ARMENISE+ (SACL+GRSA+BAR I+BGNA )
CHADWICK r DAVIESr DERR I CK r CRESTI + (OXF+PADQ)
ZAV EN GU IR AGOSS I AN ( LRL)
SACLAY+CRSAY+BARI + BOLCGNA- COLLABORAT IGN

BONDAR+ (AAC HEN+BIRM+BQNN+DESY+LOIC+MPIM )
CARMONYr HOAt LANDERtNG ~ H ~ XUQNG ~ YAGER (UCSD)
GOLDHABERy BROWNr KADYKy Sl-EN+ . (LR L+UCB )

DEUTSCHH 76 NP 8 103 426

ANDREWS 77 PRL 38 198

BALTAY 78 PR D 17 62
BARTALUC 78 NC 44 A 587
QUENZER 78 PL 76 8 512
WI CKLUND 78 PRO 17 1197

BECKER 79 NP 8 151 46

+K IRKr + (AACH+BERL+BQNN+CERN+CRAC+HE

ID+WARS�)

+FUKUSHIMAt HARVEYr LQBKQWICZr MAYy+ (RCCH]

+CAUTI SrCOHENrCSORNAr SMITHr YEHr+(COLU+BING)
BART ALUCCIr BASIN Ir BERTQLUCC Iy (DESY+FRA S]
+RI BESrRUf'1PFr BERTRANDr 8IZQTr CHAS Er + (LALQ)
+AYRESr DIEBOLDr GREENE rKRAMERr PAWLICKI {ANL)

+BLA NARy BLUM, C FRRA DA+ ( MPIM+CE RN+ZEEM+CRAC )

ALYFA 65
AR MENI SE 6 5
BL IEDEN 65
CLARK 65
GUTAY 65
LARZEROT 65
ZDANIS 65

PL 15 82
NC 37 361
PL 19 444
P R 139 8 1556
NC 39 381
P RL 15 210
PRL 14 721

PL 20 557
PR 145 1072
PR 145 1103
NC 43 71
PR 146 994
P R 148 1282
PL 20 82
PL 21 111
PL 23 163
PR 145 1128
P R 152 1183
PL 20 91
UCRL —16877
PR 142 896
PR 1 t9 1089

ACCENS I 66
ALFF —STE 66
BALTAY 66
BLIEDEN 66
CAMBRIDG 66
CASCN 66
DE UT SCHM 66
FERBEL 66
F I DECARO 66
HAGQPIAN166
I-AGQPIAiN266
HU SCN 66
JACGBS 66
JA fifES 66
WE ST 66

ALLES-BO 67
AS BURY 1 67
AS 8JRY 2 67
BACCN 67
BANNER 67
BARl QW 67
BA TQN 67

ALSO 67
CLEAR 67
DANYSZ 67
EISiNER 67
FRENCH 67
HERT ZBAC 67

ALSO 65
HUWE 67
HY AMS 67
MI LLER 67
PO IRI ER 67

NC 50 A 776
PRL 19 869
PRL 19 865
PR 157 1263
PL 25 8 300
NC 50A 701
PL 25 B 419
NP B 3 349
NC 49A 399
NC 51 A 801
P R 164 1699
NC 5 2A 442
PR 155 1461
Z DANI S
PL 248 252
PL 24B 634
PR 153 14Z3
PR 163 1462

ABC COLL 68
AR MENIS E 68
ASTVACAT 68
BATCN 68
BLECHSCH 68

ALSO 67
CHUiNG 68
DONA LD 68
FQST ER 68
HUSCN 68
HYAiMi S 68
JONES 68
JGHNSGN 68
KEY 68
LAMSA 68
LA NZERQT 68
MA RAT ECK 68
PI SJT 68

NP 84 501
NC 54A 999
PL 27 8 45
PR 176 1574
NC 53 A 1045
NC 52 A 1348
PR 165 1491
NP B 6 174
NP B 6 107
PL 288 208
NP 8 7 1
P R 166 1405
PR 17b 1651
PR 166 1430
PR 166 1395
PR 166 1365
P RL 21 1613
NP 8 6 325

AUGUST I1 69
AUGJSTI2 69
AUSLENDE 69
GERi'1AN C 69
HAISSINS 69
JUHALA 69
MA LAMUD 69
MILLER 69
MOTT 69
RE YiNQLD S 69
RODS 69
ROTHWELL 69
SC HAR EN 69
W EHMiANN 69

PL 28 8 508
LNC 2 214
SJNP 9 69
P R 188 2060
ARGCNNE CONF ~ 373
PR 184 1461
ARGGNNE CONF PE 93
PR 178 2061
PR 177 1966
PR 184 1424
NP B 10 563
PRL 23 1521
ARGQNNE CONF. 306
PR 178 2095

ABRAMiS 71 PR D 4 653
BLOCDWOR 71 NP 8 35 133
DEERY 71 PR 0 3 635

ALVENSL E 70 PRL 24 786
BATON 70 PL 33 8 528
8 I GGS 70 P RL 24 1197
BI NGHAMi 70 PRL 24 955
GALl QWAY 70 PR 0 1 3077

ALYEAy CRITTENDENr MARTIN rRHODE + (I NDIANA)
SACL AY+GRSAY+BAR I+BOLOGNA C QLLABQRAT ION
CERN MiI SSI NG HA SS SPECTROMETER GROUP ( C ERN)
A CLARKr CHRISTENSQNy CRONINt TURLAY(PRINCETO)
GUTAYy LANNUTTI y TULI (FSU )
LANZERQTTI t BLUMENTHAL r EHNtFAI SSLER + (HARV)
ZDANISyHADANSKYy KRAEMER + {JHU+BNL)

ACCENS Ir ALLES-BORELLI rF RENCHr F RI SK+ (C ERN)
ALFF-STEINBERGER BERLEY BRUGGER+(COLU+RUTG)
+FRANZ INI LUTJENS SE VERINS TYCKG+(COLUMBIA)
CERN M ISSING MASS SPECTROMETER GROUP ( CERN)
CAMBRIDGE BUBBLE CHAMBER GROUP (HIT+HARV+)
N M CA SON {WISCONSIN)
DEUT SCHMANNy ST E I NB ERG + ( AACH+ BERL IN+ C ERN )
FERBEL (ROCHESTER)
G+M FIDECAROy J POIRI ERr P SCHIA VCN {CERN)
HAGQPI AiN SELOVE ALITTI BATON+ (PENN+SACLAY)
HAGOP IANr PAN ( PEiNNSYLVANIAr LRL-BERKELEY}
HUSONrALLARDyDRI JARDr HERNESSY+ (QRSAY+EPOL)
L ~ D JACCB S {LRL)
F E JAMESr KRAYBILL {YAL E+BROOKHA VEN)
WEST rBQYOr ERWINrWALKER (WISCONSIN )

ALLES-BGRELL Iy FR ENCHy FR ISK y + {CER N+B CNN)
+ BECKER+BERTRAM+ JQCS+ JORDAN+ ( DESY+CCLU )
+BECKER+BERTRAM+ JQQS+ JORDAN+ (DESY+CCLU)
+FIG K I NGER r HI LLr HOPK I NS y ROBINSON+ ( BNL )
+FA YOUX HAHE L ZSEMBE RY CHE ZE+ ( SAC LA Y+C AEN )
+LIL LEST OL+MGNTANET+ ( CERN+CD EF+ IRAD+L I VP)J.BATON t G~ LAURENSr J ~ REI GNI ER (SACLAY )
J ~ BATONr G LAURENSy J.REI GNI ER ( SAC LAY)
+JOHiNSTGyN+COQP ER+MANNE R+ (T NTQ+ ANL+W ISC ]
DA N Y SZ+F RE NCH+ S I MA K (CERN)
+JQHNSCN+KLE IN+PETERS+SAHNI+YEN+ (PURDUE)
+KI NSCN+ HCDCNALD+RI DDI FORD+ {CERN+SIR M )
HERTZBACH KRAEMER MADANSKI ZDANI S+( JHU+BNL)

+HARQUI T+OPPENHEI MER+SCHULT Z+W ILS CN (CCLU)
+KQC H+P ELL ET T+POTTER+VONLI NDERN+ (CERN+ MPI M)
MI LLERrGUTAY r JOHNS CNr LGEFFLER + (PURDUE )
+BI SWASr CA SONr DERADOr KiE NNEY+ {NOAH+PENN }

AACHEN+BERL IiN+CERN CCLLABORAT ION¹
+GHI 0 IN I r FOR I NO+ ( 8 ARI+ BGN A+ F I RZ+ OR SAY)
ASTVACATURCVyAZIMQV r BALDIN+ (J INR+MOSCGW)
J ~ P. BATCN, G LAURE NS ( SAC LAY)
BLECHS CHflI DT r DOWDy EL SNE Rr + ( DESY+MCHS)

S.U CHUNGrO I.DAHL r J ~ KI RZrD H MI LLER ( LRL)
+EDWARDSy FRQDESEN r BETT I NI+ ( L I VP+QSLO+P ADO)
+GA V I L LE T+ LA BROS SE+ HON TANET+ ( C ER N+C DE F )
+LUBATTI y SIXy VEILLETy+ (OR SA+HILA+UCLA)
+KOCHr PGTTERr WILSGNr VQN L INDERN+(CERN+MPIM ]
+BLEULERrCALDWELLr ELSNERyHARTING+ (CERN)
+POIRI ERr BISWASr GUTAY+ (RDAM+PURD+SLAC )
+ PRE NTI CE+ COOPER+MANNER+ (T NTO+ANL+W ISC }
+CASON+8 I SWA S+DERA DO+GROVE S+ l NOTREDAME )
LANZFRGTTI r BLUMENTHALr EHNr FAISSL ER + (HARV)
+HAGOPIAN + ( PENN+LRL+CQLQ+PURD+TNTO+WISC)
J ~ PISUTy M RQQS {CERN)

+B I ZOT+BUON+HA I 5SINSKI+LALANNE+ ( QRSAY)
+LEFRANCQI S, LEHMANN, MARINr + (GRSAY }
AUSl ENDERr BUDKERr PANTUSCVAr PESTOV+ (NCVQ)
GERMAN BU 8 BL E CHAM 8 ER COLL ( DESY)
J ~ HAISSINSKI (GRSAY)
+iL' EACQCK t R HODE r KOPEL MAN tLI BBYt + ( I SU+C CLQ)
E ~ MALAMUDt P SCHLE IN ( UCLA)
R; MILLERt LICHTMAN r WI LLMANN ( PURDUE )
+AMMARy DAV ISr KRQPACy SLATEr DAGAN+ (NWES+ANL)
+Al BRIGHT t BRADLEY r BRUCKERr HARHS+ ( FSU)
M ~ RQOSr J ~ PI SUT (CERN+BRAT ISLAVA}
+CHASEy EARL ESy GETTNERr GLASSr WE INSTEI+(NEAS)
SCHARENGUI VEL (

PURDUE�)

+ENGEL Sr WILSON ~ + ( HARV+CA SE+SLAC+CORN+MCGI )

ALVENSLE BENt BECKERyB ERTRAH rCHENr COHEN( DESY)
+LAURENSy REIGNIER ( SACLAY)
+BRABENt CLIFFTr GABATHULERr KITCHING+ (DARE)
+FRETTER r MQFFE IT r BALLAM+ ( LRL+ SLAC+ TUFT)
+MQTTt ALYA t LEE t MARTI Nt PRICK ETT ( IRlD)

+BARNHAMy BUTLERy COYNEy GOLDHABERr HALLr+{ LBL)
BLOODWQRTHr JACKSCNr PRENTICEr YOON (TORONTO)
+BI SWASr CASCNr GROVES t JOHNSGNr+ ( NOTRE DANE)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹

~(ve3) 1 OMEGA(783y JPG= 1—-) I=O

1 OMEGA MA SS ( ME V)

M 64 ( 779 4)
M 800 (782 ' 0)

34 (784 ' 0]
M 220 ( 781~ 0)
M 170 (785 6]

666 ( 786 0)
iM R 2198 ( 783 ~ 4)

155 (779 ' 5)
M ( 784 8)
M 2400 782 ' 4
H 750 784. 1
M R ( 784 0]
M F 783' 2
M 260 ( 781~ 0)
M 250 {784 ~ )
M 500 ( 786. }
M 600 ( 784 ~ )
M 500 ( 786. )
M 400 {785 )
M 200 {785 )
H 248 783 4
H 510 781 0
M C 4270 (784 ~ 1)
M 0 783 7
M 369 ( 784 ~ 0)
M 418 782' 5
M SR 4800 ( 782m 0]
M 8 7000 782~4
M 2100 783 ~ 5
M 53M 782 7
M 1430 781 ~ 8
M 3000 782 6
M 33260 782, 5
M ~ ~ 0 ~

M AVG 782.44
H STUDENT 782r48

(1.4)
(1 ~ 0)
(1 ~ 0)
(2 0)
(1.2)(1.0)
(0 7)
{1~ 5)
( 1 ~ 1)

0 ' 5
1 ~ 2

(0.7)1.6
(2 ~ 0)
(1 ~ )
llew ]
{1.)
(1 ~ ]
(1 )
(2 ~ )
li0
0.6

(0 3)
1 0

(1 ~ 4)
0 8

{0.8)
0 ~ 5
0.8
0 ' 9
0 6
0 8
0 8

~ ~ ~ ~ ~

0.22
0 24

ARNE NT ERG
ALFF
ARMENT ERO
KRAE ME R
MILLER 0
JAMES
BA LTAY
BARASH
KEY
BI ZZARRI
ABRAMOV I C
ATHERTON
BIGGS
CA SCN
DANBURG
DANBURG
DA NB URG
DANBURG
DA NB URG
DANBURG
BIZZARRI
BIZZARRI
CQYNE
COYNE
MA TTHE WS

AGU I LAR
OREN
KEYNE
GE SSAROLI
APELDCQRN
COOPER
BENKHE IRI
RQGS

62 HBC
62 HBC
63 HBC
64 DBC
65 HBC
66 HBC
67 HBC
67 HBC
68 HBC
69 HBC
70 HBC
70 HBC
70 CN TR
70 HBC
70 DBC
70 DBC
70 DBC
70 DBC
70 DBC
70 DBC
71 HBC
71 HBC
71 HBC
71 HBC
71 DBC
72 HBC
74 HBC
76 CNTR
77 HBC
78 HBC
78 HBC
79 OMEG
79 RVUE

0 0 PBAR P K 1K 1 ~ 2/74
2 3—2 ~ 9 PI+P . 2/74
0 ' 0 PBAR P o 2/74
1 2 P I+D 2/74

SEEN W I TH K+ K- ~ 2 /74
2 1 P I+P 2/74

0.0 PBAR P 2/74
0 ~ 0 PBAR P K 1K 1, 2/74
3 PI —P 2/74
0 PBAR P 9/6 9
3 ~ 9 PI — P 2/74

3.6 PBAR P r 7 PI. 2/74
P HO TOP ROD U CT I ON 2/74

8 0 PI-Pr 4P I . 2/74
1 ~ 2 PI+ D 2 /74
1 4 P I+ D 2/74
1 7 PI+ D ~ 2/74
1 9 P I+ D 2/74
2 ~ 1 PI+ Q 2/74
2 ~ 3 PI+ D 2 /74
0 0 P P BAR K+K — 11/71
0 0 P PBAR K1K1 11/71

3.7 PI+ P 1]./71
3 ~ 7 PI+ P 11/71

6~ 95 PI + 0 . 2 /74.
3 ~ 9r4 ~ 6 K — P 12/7 2
2.3 PBAR Pr5P I 12/75
P I-Pr OMEGA N 12/75
I. 1 PI —Pr OMEGA P I 12/77
7 ~ 2 PB PtPB P QM 4/78¹
7- ~ 8 PB P r 5 PI 4/78¹

9 —12 PI+- P 12/79¹
0-3 ~ 6 PBA R P 12/79¹

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.1 )
AVERAGE USING STUDENT10(H/1 11} -- SEE MAIN TEXT

H 8
M C
M C
M 0
M F
M F
M R
M S
M

OBSERVED BY THRESHOLD-CROSSING TECHNIQUE. MASS RESQL =4 ~ 8 HE V FWHM
FROM TOTAL SAMPLE OF COYNE 71. THEY OBSERVE bN IMPORTANT

-CORRELATION BETWEEN SIGMA OF EXP ~ RESOLUTION AND THE MEAS MASS
FROM BEST-RESOLUTION SAMPLE GF CQYNE 71
FROM OMEGA-RHO INTERFERENCE IN THE PI+PI — MASS SPECTRUM
ASSUMING OMEGA WIDTH 12&6 HEV ~

INCLUDED I R RGQS 77y79 RVUE
ERROR INCLUDES 0 5 HEV MASS SCAl E ERROR

1 OMEGA FULL WIDTH ( HE V)

W 34
W

W 155
C 171

W 750
W

W

W

W

W

W

W

W E 940
W B 20000

2100
W 1430
W

W AVG
W S TUD ER]T

510
248

4270
418

9. 0
13.4

(12 ' 3)
l5. 8)
Bi8

11 2
10 3
12 ~ 8
9. 5

13.3
9, 1

10 ~ 5
7~70

10 22
9 ' 4

12~ 0
~ 4 ~

10.11
10 10

3 0
2oO

(ZoO)
(2 ~ 8)
3 ~ 0
2 ' 7
1
3 ~ 0
1 0
2 ~

0 ~ 8
1 ~ 5
1 ~ 65
0 43
2 ~ 5
2 0
~ 0 ~

0+31
Oi35

AR ME NT ERG
MI LLER 0
BARASH
BA RASH
ABRAMQVIC
ATHERTQN
8 IZZARRI
BIZZARRI
CQY NE
AG UI LAR
BENAKSAS 1
BORENSTE I
BROWN
KEY NE
GE SSAROL I
COOPER

63 HBC
65 HBC
67 HBC
67 HBC
70 HBC
70 HBC
71 HBC
71 HBC
71 HBC
72 HBC
72 OSPK
72 HBC
72 MMS
76 CNTR
77 HBC
78 HBC

0~0 PBAR P
SEEN WITH K+ K-

SEEN WI TH Kl Kl
0 ~ 0 P BAR Pt K 1 K I

3 9 PI — P
3.6 PBAR P r 7 P I
0.0 P PBAR K1K1
0 0 P P BAP. K+K-

3,7 P I+ P
3 9t4 ~ 6 K- P
E+E- COLL. BEAHS
2.18 K-P
2 ~ 5 PI- Pr N MMS
P I-Pt OMEGA N

11 PI-Pr OMEGA PI
~ 7- 8 PB Pr5 PI

6/66
11/71
6/70
5/70

11/71
11/71
11/71
12/72

2/73
7/77

12/72
12/75
12/77
4/78¹

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

W B CBSE RVED BY THRESHOLD-CROSS ING T ECHNIQUE ~ MASS RESQL =4 8 MEV FWHM
W C UNFOLDED B Y CQYNE 71
W E ERROR TAKES ACCOUNT OF SYSTEMATICS ADDED LINEARLY
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S120 Particle Data Group: Review of particle properties

Mesons
~(F83)

Data Card Listings
For notation, see key at front of Listings.

1 OMEGA PARTIAL DECAY MODES

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pll

OMEGA
OMEGA
OMEGA
CMEGA
OMEGA
OMEGA
C MEGA
C MiEGA

CMEGA
CMEGA
OMEGA

INTO
I NT 0
INTO
INTO
INTO
INTO
INT Q

INTO
INTO
INTO
I NTO

PI+ PI — PI 0
P I+ PI — (VIOLATES G)
PI0 GAMMA
PI+ PI — GAMMA

2PIO GAMMA
ETA GAMMA

E+ E-
MU+ MU-
ETA PI 0 ( VIOLATES C )
3 GAMMA

PI 0 NU+ MU-

DECAY MASSE S
139+ 139+ 134
139+ 139
134+ 0
139+ 139+ 0
134+ 134+ 0
548+ 0

5
105+ 105
548+ 134

0+ 0+ 0
134+ 105+ 105

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 1
P 1 8979+- .0050
P 2 — 3824 ~ 0140+—.002 1

3 — 9077 — 0406 .C881+ —~ 0046

P 3

1 OMEGA BRANCHING RA T I 0 S

OMEGARl
Rl
R) 20
Rl 35
Rl 65
Rl 850
Rl 348
Rl
Rl 19
Rl 46
Rl
Rl AVG
Rl STUDENT
Rl FIT

INTO
0 ~ 17
F 11
0. 08
0.10
0. 13
0.09
0 ~ 06
0 ~ 10
0 ~ 15

NEUTRAL/ (PI+
0. 04
0.02
0 ~ 03
0.04

4 0 ~ 026
7 0.016

0 ~ 05
0.03
0 04

PI — P IO)
ARMENTERG 63
BUSCHBECK 63
KRAE ME R 64
ALFF-STE I 66
D I GIUGNG 66
F LATTE 66

0.02 JAMES 6e
BARASH 67
AG UI LAR 72

{P3+ )/(Pl)
HBC 0.0 PBAR P
HBC 1 5 K—P
DBC 1 ~ 2 PI+D
HBC CORR. BY SCHULTZ(COL)
CNT R 1 ~ 4 PI —P
HBC 1 8 K-P
HBC F 1 PI+P
HBC 0 ~ 0 PbAR P
HBC 3 9p4 ~ 6 K- P

9/66
9/6 6
9/66
6/66
7/67

12/72
~ ~ ~ i ~ 0 ~ ~

0.1065 0. 0088 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
0 106 0 ~ 010 AVERAGE USING STUDENT10(H/1 11) —— SEE MAIN TEXT
0. 0982 0 ~ 0056 FROM F IT ( ERRCR INCLUDES SCAL E FACTOR OF 1 0 )

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where

1 1 1
iSP. = Q (eP. 5P.), while the off-diagonal elements are the normalized correlation coeffi—

1 1 1
cients (eP. i'iP. ) /(5P. ~ 6P.). For the definitions of the individual P. , see the listingsi j 1 J r
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to i.

OMEGA
3

R13
R13
R13 H

R13 A 33
R13
R13 E
R13
R13
R13
R13 AVG
R13 STUDENT

INTO (F+
2 4(l. 0)

(0.65 )
0 ~ 40

(0 76)
0 ' 83

(0.675)
4 4 ~ ~

0 ~ 76
0.77

E-) /TOTAL
1 ~ 2

(1 ~ 7)
(0.13)

0 ~ 21
(0 14)

0 ~ 10
(0 ' 069)

~ ~ ~ ~

0 ~ 17
0 ~ 11

(UNI TS 10~+-4)
8 INN I E 65

( 0 ~ 75 ) HE RTZBACH 67
ASTVACATU 68
BOLL IN I 1 68
AUGU ST I 1 69
BENAKSAS1 72
CORD IER 79

(P7]
OSPK PI —P NEAR THLD ~

OS PK ASSUME SU(3 ) +MIXING
OSPK ASSUME SU(3 )+MIXING
CNTR 1.7PI-PgNCTE Z

OS PK S EE h!OT E E
OSPK E+E- COLL. BEAMS
WI RE E+ E-g3P I

6/ee
1 0/66
6/68
9/68
2/72
2/73

1 2/79&

AV ERA GE ( ERROR INCL UDE S SCAL E FACTOR OF 1 9)
AVERAGE USING STUDFNT10(H/1 11) -- SEE MAIN TEXT

R13 A

R13 B
R13 E
R13 E

R13 H

R13 Z

R13 Z

R13 Z

R14 QMEG
R14
R14
R14
R14 42
R14
R14 AVG
R14 STUDENT
Rl 4. F!T

NOT RESOLVED FROM RHG DECAY ERROR STAT ISTICAL ONLY
MASS RESCLUTION OF BINNIE 65 I S ABOUT 15 MEV ~

FROM E+ E— COLL I DING B EAMS p ASSUMI NG OMEGA WI DTH I S
( 12+ 2 +/- 1 ~ 3) ME V

NQT RESOLVED FROt'l RHO DECAY ~

MASS RESOLUTION GF BOLLINI 1 IS +—10 MEV. HIS ERROR IS +—.15
HI THOUT RHO-OMEGA INTERF ERENCE COMPLET E INTERFERENCE HCULD
CHANGE VALUE BY +-35 P ER CENT THEREFORE WF. I NCREASED ERROR.

INTO NEUTRAL S /
0 ~ 084 0 ~ 015
0. C79 0.019
0.075 0 ' 025
0 ~ 073 0.018

TGTA L
BOLL I NI
DE I NET
B IZZARRI
BASIL E

(P3+. . . )
68 CNTR 2.1 P I- P
69 OS PK 1.5 P I- P
71 HBC 0 ~ 0 P PBAR
72 CNT R 1 .67 PI — P

6/68
9/69

11 /71
2/73

~ e ~ ~ ~ ~ ~ ~

0 ~ 0788 0 ~ 0092 AVERAGE ( ERRCR INCLUDES SC ALE FACTOR OF 1 ~ 0)
0 ~ 0788 0. 0098 AVERAGE USI NG STUDENT10(H/1 11) —— S EE MAIN TEXT
0 ~ 0881 0 0046 FROM F IT (ERROR INCLUDES SCALE FACTOR GF 1.0)

R15
R15
R15
R15
R15 B
R15 B
R15 8
R15
R15
R15
R15 F
R15 F
R15
R15 F
R15 F
R15
Rl 5 AVG
R15 STUDENT
R15 F IT

OMEGA INTO (PI PI )/{TOTAL), SEE ALSO R2 ( P2)
0.032 0 +028 0, 019 A'JGUSTI 2 69 GSPK E+E- COLL. BEAMS

(0 ~ 003) OR MORE CL= ~ 95 GOLDHABER 69 HBC 3.7-4.0 P I+P
(0 014)OR MORE CL= ~ 95 ALLISON 70 HBC 1 3—1 7 PBAR P
(0+0080) (0.0028) (0 0022) IGGS 70 CNTR PHGTOPRGDUCTIQN

RE-E VALUATFD UNDER R2 BY BEHREND 71 USING MORE ACCURATE OMEGA

TQ RHO P HOTOPRODUCT IQN CROSS-SECT IOhl RATIO.
0 01 22 0 0030 ALV ENSL EB 71 CNTR P HDTCPRGDUCT IOhl
0 013 0 012 0. 009 MOFF E I T 71 HBC 2 ~ 8 4.7 GAh'MA P

0 036 0 024 0 018 BENAKSAS 72 OSPK E+E- COLL BEAMS
(0 ~ 035) (0 018) BRANDENBU 76 ASPK 13.K-P, P I+PI-
(0 04) ( 0 03) ( 0 02) HQLt&GREN 77 HBC 4 2 K-P g PI+P I—
0 016 0 ~ 009 0 ~ 007 QUENZER 78 CNTR E+E- COLL. BEAMS

( 0 010) ( 0+ 001) WICKLUND 78 ASPK 3v4&6 PI+-PN
FROM A MODEL DEP ENDENT ANALYSIS ASSUMING COMPLETE COHERENCE

8/69
11/69
6/70

12/78~

11/71
11/71
12/72
12/79%
12/79+
4/784

12/79&

~ ~ ~ ~ ~ ~ ~ ~ ~

0 0133 0 0027 AVERAGE (ERRGR INCLUDES SCALE FACTOR QF 1 ~ 0)
0.0133 0.0029 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT
0 0140 0 0021 F ROM F IT ( ERROR INCLUDES SCAL E FACTOR OF 1 ~ 0 )

9/69
12/72

R16 CMEGA INTO (ETA GAMMA) / (ALL NEUTRALS) (P6)/{P3+ ~ . )
R16 (0 ' 24) QR LESS CL= 90 DEINET 69 OSPK
Rge {0 36) OR l ESS CL= ~ 90 DAKIN 72 QSPK 1 ~ 4 PI — P y h! MMO

(PZ)/(Pl)
3 9 PI — P

PHQTOPRODUCTION
PBAR N AT REST

1 6-2.2 P PBAR
1 ~ 5 K— P
2 ~ 3 PI — P
2 ~ 3 PI — P

OMEGA INTO (PI+ PI —)/(PI+ PI — PIO) ~ SEE ALS
(0 011)OR MORE CL= 95 ABRAMOVIC 70
0.014 0.005 0. 004 BIGGS 70

(0 035)GR LESS CL= 95 BIZZARRI 70
(0 ~ 019)OR MORE C L= ~ 95 CHAPMAN 70

( ~ 002) OR MORE CL= ~ 90 FLATTE 70
(0.0026) OR MORE CL=. 84 HAGOPI AN 70
(0 0&0) OR L ES S CL= ~ 84 HAGGPI AN 70

0 ~ 022 0.009 0.01 RGCS 70
(0 ~ 028) ( 0.006) BE HR END 71

0 021 0 ~ 028 0.009 RATCLIFF 72
( 0 0115)OR MCRE BURNS 73
(0 024)OR MORE CL=0.95 LYONS 77

ASSUMING RHO WIDTH 145 MEV
RE-EVALUATED UNDER R2 BY BEHREND 71 USING
TO RHC PHOTGPRGDUCT ION CROSS-S ECTION RATIO
FLATTE 70 SEE S NO SIGNAL AT 1.7p 2 1 g 2 ~ 6
ROGS 70 COMBINES ABRAMGVICH 70 AND BI ZZARR
SIGNIFICANT INTERF ERENCE EFF ECT OBSERVED. N

COME S F RGM AN EXTRAPOLATION ~

R2
R2 R
R2 8
RZ R
R2
R2 F
R2
R2
R2 R

R2 A

RZ S
RZ
R2
R2 A

R2 8
R2 8
R2 F
R2 R
R2 S
R2 S
R2
R2
R2
RZ

O R15
HBC
CNTR
DBC
HBC
HBC
HBC
HBC
RVUF
ASPK
ASPK
HBC
HBC

6/70
12 /784
11/71
6/70
8/69
1/71
1/71
6/70.12/78+

12 /72
12/75
12/77

PHGTOPRODUCT ION
15.PI — PgN 2PI
~ 6—1 1 P BAR P
3-4 K—P g LAM GMEG

MORE ACCURAT E OMEGA

GEV/C
I 70
B OF OMEGA INTO 3P I

AVG
STUDENT
FIT

~ ~ ~ 4 ~ ~ ~ ~ ~

0 ~ 0157 0 ~ 0040 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0 )

0 0157 0.0044 AVERAGE USING STUDENT10(H/1-11) -- SEE MAIN TEXT
0 01 55 0 ~ 0024 F RGM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 0)

R17
R17
R]7 D

R17 D

R18
R18
R). 8 D

R18 D
R18 D

GMEGA INTO (2 P IO GAMMA) I {ALL NEUTRALS) (P5) /(P3+. .. )
(0 ~ 19) OR LESS CL= ~ 90 DEINET 69 OSPK
(0 22) (0 ~ 07) DAKIN 72 OSPK 1 4 PI — Pg N MM0

S EE R18

0!iEGA INTO (P IO GAMMA) I ( ALL NEUTRALS) ( P3) I( P3+. ~ . )
(0 81 ) OR MORE C L= ~ 90 DE IN ET 69 OSPK
(0 ~ 78) (0 ~ 07) DAKIN 72 OSPK 1 4 PI — Pg h MMO

ERROR STATIST ICAL ONLY. AUTHORS OBTAIN GOOD FIT ALSO ASSUMING
PI 0 GAMMA AS THE ONLY NEUTRAl DECAY

R19
R19 A

R19 8
R19 A

R19 A

R19 B

OMiEGA INTO {ETA GAMMA )I TOT AL (UNITS 10&+ 4) ( P6 )

(3 0) (2 ~ 5) (1 ~ 8) ANDREWS 77 CNTR 0 6 7—10 GAMMA CU

(29 ~ 0) (7.0) ANDREWS 77 CNTR 0 6 7—10 GAMMA CU

SCLUTIGN CORRESPONDING TO CONSTRUCTIVE OMEGA —RHO INTERF ERENCE
THE QUARK MODEL PREDICTS A RELATIVE DECAY PHASE OF ZERQ
SOLUTION CORRESPQNDING TG DESTRUCT IVE OMEGA-RHC INTERFERENCE

REFE RENCES FOR OMEGA

R2 0 OMEGA INTO ( P I 0 MU+ MU- ) / ( MU+ MU- ) ( Pl 1 ) /(P 8)
R20 30 1 2 O. e 0ZHELYADI 79 CNTR 0 25-33 P I- P

9/69
12/72

9/69
12/72

12/77
12 /77

12/784
12/794'

R3 C MEGA
R3
R3
R3
R3
R3
R3
R3 AVG
R3 STUDENT
R3 F IT

INT O (P
(0~ 12 5)
0. 13
0.081
0 109
0 084

I0 GAMMA) /
(0 025)QR
0.04
0 020
0 025
0.013

(P I+ P I— P IO)
GRTR BARMIN 64

JAcQUE T e9
BALDIN 71
BENAKSASZ 72
KE YNE 76

(P3) /(Pl)
PXBC 2 ~ 8 PI-P
HLBC
HL BC
OS PK
CNTR

10/67
2.9 PI+ P 11/71
E+E — COLL BEAMS 2/73
PI-Pg OMEGA N 12/75

~ 0 ~ ~ ~ ~ ~ ~

0.08S8 0 0097 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
0 090 0.011 AVERAGE USING STUDENT10(H/l. 11) -- SEE t'1AIN TEXT
0 ~ 0982 0.0056 FROM FIT (ERRCR INCLUDES SCALE FACTOR GF I 0)

R4 OMEGA Ih!TO {PI+ P I — GAMMA)/ ( P I+ PI — P IO)
R4 (0.05) OR LESS CL= ~ 90 FLATTE 66 HBC
R4 ( 066)GR LESS CL= ~ 90 KALBFLEI 75 HBC

( P4) /(P 1)
1 ~ 8 K-P 9/66

2 2 K P y GAMMA + 12/75

9/66
9/6 9

R7
R7
R7
R7
R7
R7

GMiEGA INTO (2P IO GAMM )/( P IO GAMMA)
(0 1 ) OR LESS BARM IN 64
(0 45) ( Do 33) STRUGALS K 69
(0 14) OR LESS BALD IN 71
(0 15) OR LES S BENAKSAS2 72
(0 18) OR LESS KE YNE 76

(P5) /{ Ps)
P XBC 1.3—2. 8 P I-P
HLBC 2 ~ 34 P I+ N

HLBC 2 ~ 9 P I+ P
GSPK E+E— COLL BEAMS
CNTR PI-Py CMEGA N

8/69
11/71

2/73
7/77

R6 OMEGA INTO (MU+ MU- )/( P I+ PI- PI 0) ( UNITS 10+~—3) (P8) /(Pl )

R6 (1.2 ) GR L ESS GA LT IE R I 65 HBC 2 7 K-P
R6 ( 1 ~ 7) OR LESS CL= ~ 74 FLATTE 66 HBC 1.8 K —P

Re (0.2) OR LESS WILSON 69 OSPK 12 PI — GN C FE

MAGL IC 61 PRL 7 178
PEVSNER 61 PRL 7 421
XUQNG 61 PR( 7 327

ALFF 62 PRL 9 325
ARMENTER 62 CERN CCNF 90
STEVENSG 62 PR 125 687

ARMENTER 63 S IENA CONF 1 296
BARMIN 63 SIENA CONF 1 207
BU SCHBEC 63 SIENA CONF 1 166
GE LFAND 63 PRL 11 436
MURRAY 63 PL 7 3 58

BARiMIN 64 JETP 18 1289
KRAEMER 64 PR 136 8 496

BI NNI E 65 P L 18 348
GALT IERI 65 PRL 14. 279
MI LLER D 65 CU-237 (NEVIS 131

INCLUDES DATA OF GELFAND
ALFF-ST E 66 P R 145 1072
ZDANI S 65 PRL 14 721

DI GIUGNQ 66 NC 44A 1272
FLATTE 66 PR 145 1050
JAMES 66 PR 142 896

B MAGL I C, ALVAREZ, ROS ENF ELDER STE VFNSON {LRL)
P EVSNERs KRAEMER~ NUSSBAUMs R I CHARD+( JHU+NhE S)
NGUYEN HUU XUGNGg GERALD R LYNCH (LRL )

ALFFg BERLEYg COLL EYgGEl FAND + ( CQLU+RUTGERS)
R ARiMENTERQS g R BUDDE + {CE RN+CDEF+ E PQL )
STEVENSON' ALVAREZp MAGLICgROSENFELD ( LRL)

ARME NTEROS E DHAR DS, JACOB SEN+ ( CERN+CDEF )
BARMINy DCLGQLENKOg KR ESTNIKOV+ { I TEP)
BUSCHBECK g CZAPP+ ( VI ENNA+CERN+AMST ERDAM )

GELFANDg MILLER' NUSSBAUM gRATAU+ (CGLU+RUTG)
MURRAY t FERRGLU ZZ I y HUHE 1 SHAF ERt SGLM ITZ+( LRL

BARMINy DOLGGLENKGg KR ESTNIKOV + ( ITEP )

KRAF ME R g MADANS KY g MEE R+ ( JHU+NHES+HCOD )

BINNI Eg DUANEg JANET W JONES+
A BARBARQ GA{ TIERI pR D TRIPP

) DAVID C MI(LER (THESIS)
63 ABOVE

ALFF —STE INBERGERg 8ERLEY gBRUGGE R+ (C QLU+ RUTG)
ZDANIS MADANSKY KRAEMER HERTZBACH+( JHU+BNL )

( LOI C+MCHS)
(LRL)

(COLUMBIA)

D I G IUGNOg PERUZZ I g TROI SE+ ( NAPL+FRAS+ TRST)
+HUWE ~ MURRAY r BUTTON —S HAFERr SOL MI T Z+ (LRL )

F E JAME SgKRAYBILL ( YAI E+ BRQQKHA VEN)

R9 C t~iE GA
R9
R9
R9 F IT

INTO (NEUTRAL S) l ( CHARGED)
0 124 0 021 F ELD MAN

' 67
( P3+ ~ . ) /{ P 1+ P2 ~ )

OS PK 1 2 PI — P

0 ~ 0967 0.0056 FROM FIT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

R10
R10

CMEGA INT 0 (2P IO GAMMA) /(P I+P I-P I0) ( P5) /(Pl)
(0.08) OR LESS CL"- .95 JACQUET 69 HLBC

Rl 1
Rll
Rl 1
Rll
Rl 1

CMEGA INTO (ETA
( 0. 58)
(0 ~ 40 ) OR
0. 010

(0 27) OR

GAMMA)l (PIO GAMMA)
(0 30) STRUGALS K 69 HL BC
LESS BA LOIN 71 HLBC
0 045 APEL 72 OS PK
LESS CL= ~ 90 BENAKSAS2 72 OSPK

(P6) /(P3)
2 ~ 34 PI+ N

2 9 PI+ P
4-8 PI- PgN 3GAM
E+E- COLL ~ BEAMS

R12
R12

OMiEGA I NTO ( PI 0 MU+ MU —) I TOTAL ( UNITS 10~&-3 ) {Pl 1 )
(2 ) OR LESS 'HE HMANN 68 OS PK 1 2 P I — F E

RB OMEGA INTO (E TA PI 0 + E TA GAMMA) / (P I+ PI — PIO) ( P9+P6 )/ (Pl )
R8 (0 017)OR LESS CL= ~ 90 FLATTE 66 HBC 1 ~ 8 K-P
R8 (0 ~ 045 ) OR LESS C L= 9 5 J ACQUET 69 HL BC

9/ee
4170

3/67

41 r0

8/69
11/71

2/73
2/73

6/68

ASTVACAT
BC!LLI NI
BOLL IN I 1
KEY
PI SUT
WE Htl ANN

68 PL 27 B 45
68 NC 56 A 531
68 NC 57 A 404
68 PR 166 1430
68 NP B 6 325
68 PRL 20 748

AUGUST I 1 69 PL Z8 8 513
AUGUST I 2 69 LNC 2 214
BIZZARRI 69 NP 8 14 169
DANBURG 69 UCRL —19275

ALSO DANBURG 70

BALTAY 67 PRL 18 93
BARASH 67 PR 156 1399
FELDMAN 67 PR 159 1219
HERTZBAC 67 PR 1 55m 1461

ALSO 65 Z CANI S

+FRANZINI~ SEVERI ENS~ YEH ~ZANELLG (COLUMBIA)
BARASHgK IRSCHg MI LLERg TAN (COLUMBIA)
+F RATI yGLEESCNgHALPERNg NUSS BAU M+ ( P ENN )

HERTZ BACH s KRAE ME R e MA DAN SKI r ZDANI S+ ( JHU+BNL )

ASTVACATUROV NAZI MOVE BALDI N+ {JI NR+MGSCGH)
+BUHLER DALPI AZ MASS AM+ (CERN+BGNA+STRB)
+BUHLERiDALP I AZ v MASS AM+ (CE RN+BGNA+STRB)
+PRFNT I CE+COGP ER+MANNER {TNTQ+ANL+HI SC )

J.PI SUTg M. RODS (CERN )

+ENGELS+ ( HARVARD+CA SE+ SLAC+CORNELL+ MCG

ILL�

)

+BENAKSA S BUON G RACCO HA I SS INS KI, + (GRSAY )
'+LEFRANCQ I 5 LEHMANN MAR. IN + (OR SAY)
+FGSTERgGAVI LLETg MQNTANET g+ ( CERN+CDEF )
JEROME S ~ DANBURGp THE SI S ( LRL)
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Data Card Listings
For notation, see key at front of Listings.

Me sons
(783), M(940 —953), q'(958)

DE INET
ERWI N

GG LDHAB E
JACQUET
MILLER
STRUGAL S
WI LSGN

ABRAMGV I
BI ZZARR I
ALL I SON
AThERTGN
BI GGS
CA SON
CHAPMAN
DANB URG
FLATT E
GO LDH AB E
I"A GOP I AN

RQOS

ABRAHS
AL VENSLE
ANGELOW
BALD IN
BARDADI N

BE I.R END
BI ZZARR I
BI QODWOR
CHAPMAN
CQ YNE
F I ELDS
HA TTHE WS
HQFF E IT

69
69
69
69
69
69
69

70
70
70
70
70
70
70
70
70
70
70
70

71
71
71
71
71
71
71
71
71
71
71
71
71

PL 30 8 426
iNP 8 9 364
PRL 23 r 1351
NC 63 A 743
PR 178 2061
PL 29 8 532
PRIV AT E CQHM ~

NP 8 20 209
PPL 25 1385
PRL Z4 618
NP 8 18 ZZ1
PRL 24 1201
PR 0 1 851
NP 8 24 445
PR 0 Z 2564
PR 0 1 1

CCNF P 59
PRL 25 1050
DNPL/R7 P ~ 173

PR 0 4 653
PRL 27 888
SJNP 12 427
S JNP 13 758
PR 04 2711
PRL 27 bl
NP 8 27 140
NP 8 35 133
PR 0 3 38
NP 8 32 333
P RL 27 1749
PRL 26 400
NP 8 29 349

+MENZI ONE r MUL(. ER r BUNI ATCV+ (KARL+CERN)
+WALKERr GOSHAWrWE INBERG {WI SC+PRIN+VAND)
+BUTLERrCOYNErHALLr HACNAUGHTQNr TRILING(LRL)
+NGUYEN-KHAC rHAATUFT r HA LSTE INSLI (EPOL+BERG)
R ~ MI LLERr L ICHTMANr WILLHANN . ( PURDUE )
+CHUVI LO rF ENYVE S r+ ( W A RS+J I NR+ BUDA )
RICHARD WILSON ( SEE ALSO PR 178 2095) (HARV)

ABRAMGVICH BLUMENFELD 8RUYANT + (CERN)
+CIAPETT Ir DOREr GASPEROr GUIDONI r+(ROHA+SYRA)
+CGOPERr FI ELDSr RHI NE S ( ANL)
+BLAIR r CELNIKER r DOIMI NGO r FRENCH+ (CERN+ IPN)
+CLI FFT r GABATHULER r K ITC HING r RAND ( DARE)
+ANDRE WS r BI SWASr GRGVESr HARRINGTONr+ (NOAM)
+DAV IDSONr GREENr LYSr ROE r VANDER VELDE ( MICH )
+ABOLI NS rDAHLr DAVIES r HOCHr KIRZ r MILLER+ ( LRL )
STANLEY H FLATTE ( LRL)
GERSGN GOLDHABERr REV IEW f LRL)
S AND V HAGGPIAN ~ BOGARTr SELOVE (FSU+ PENN)
PROC . DAR ESBURY STUD Y W EEK END iNO 1 ( C ERN)

+BARNHAMr BUTLER r COYNE r GOLDHABE R r HALL r+ l LBL)
ALV ENSLE 8ENr BECK ER r BUSZ A r C HENr CQHENr + (

DESY�)
+GRAMENITSKYrKANASIRSKY rKERATSCHEWr+ ( J INR)
+Y ER GAKOVr TR EBUKHOVSKYr SHI SHOV ( I TEP)
BARDADI N-OTWINQWSKAr HGF MOKLr MI CHEJ DA+ (WARS )
+LEE r NORDBERGr WEHMAN r+ (ROCH+CORN+F KAL)
+HCNTANET r NILSSQNr D-ANDLAUr + {CERN+CDEF )
BLOQDWGRTH r JACKSON r P RENT IC E r Y GCN {T ORQNTO)
+FORTNEYr FOWLER ( DUKE )
+BUTLER r FANG-LANDAUr HACNAUGHTON (LRL )
+C DOPE Rr RH I NE Sr A LL I SON (A NL+ CXF )
+PRENT ICEr YOONr CARROLLr WALKERr+ (TNTO+{r ISC)
+8 INGHAM, F RE TTE R, BAL LAM+( L RL+U CB+S LAC+TUFT }

'(958) 2 ETA PRIME(958r JPG=O-+) 1=0

P rNote on the J Assignment of q (958)

From the Dalitz plot analyses of the g ~7|Tip
I . +and q ~ 'tr Ti g decays and from the observation of

an g' ~ g"( decay mode, all assignments except
PC —+ —+J = 0 and 2 ar e excluded. The Dalitz plot

analyses favor spin 0, but cannot rule out spin 2.
The indication of anisotropy in the decay of very

forward-produced rl
' (KALBFLEI SCH 73 ) has not been

confirmed by BALTAY 74, thus again favoring spin 0,
but still not ruling out spin 2 (LEDNICKY 77).

BINNIE
BURNS

73
73

AGUILAR 72
AP EL 72
BA SILE 72
BE NAK SA S 72
BE NAKSAS 172
BE NAKSA S 272
BROWN 72
DAK I h 72
EI SENBER 72
RATCL IFF 72
BQRENSTE 72

PL 39 8 Z89
PL 4Z 8 507
PL 42 8 511
PL 42 8 117
PR 0 6 2321
PR 0 5 15
PL 38 8 345
PR D 5 1559

+COSME r JEAN-MARI E r JULLI ANr LAPLANCHEr + {GRS A)
+COSHE r JEAN-MARI E r JUL{ I ANr LAPLANCHE+ (OR SAY)
+CQSHE r JEAN-MARI Er JULLI ANr LAPL ANCHE+ {OR SAY )
+DOWNING r HOLLQWAY r HULD r BERNSTE IN+ ( ILL+ I LLC )
+HAUS ERr KR EI SL ERr MISC HK E (PRINCE TON)
EI SENBERGr BALLAHrDAGANr+ (REHO+SLAC+TELA)
+BULQSrCARNEGIEr KLUGErLEI THrLYNCHr+ f SLAC)
BGRENSTEI NrDANBURGr KALBFI., EISCHr+ f BNL+HICH}

PR D 8 2789
PR D 7 1310

+CARRr DEBENHAMr DUANEr GARBUTTr+ (LOIC+SHMP)
+CONDGN KI I MANDELKE RN PRI CE S CHULTZ ( UCI )

PR 0 6 29 AGUILAR —BENI TEZr CHUNGr E ISNERr S AMIOS (BNL )
PL 41 8 Z34 +AUSLANDERrMULLERrBERTOLUCCI r+ (KARL+PISA)
PHI L ~ C CNF ~ PRCC 153 +BOLL INIr BROGL INr DAL P IAZ ~ FRABETT I r + ( C ERN )

Two recent analyses, however, seem to have

finally established the spin 0 assignment of the
CERRADA 77 perform a partial-wave analysis of

the gvtTi system produced in the reaction K p ~ q A,

taking into account. the q
' and A joint decay angular

correlations. They conclude that J is unambigu-p

ESTABROQ
GR EGOR I 0
KRAMER
GR EI'l

74
74
74
74

NP B 81 70
NC 20 A 437
PRL 33 505
NP 8 71 189

ESTABROOKS r HYAMS r JONES r BLUMr (CERN+MPIM )
H A. GREGORIQ l ICTP-TRIESTE)
+AYRESr DIFBOLDr GREENEr PAWLICKI+ (ANL)
+COOPERr FI ELDSr RHI NESe ALLISON+ (ANL+GXF )

ously 0, (see also DELAGUILA 77) .
ROUS SARIE 77 ana lyze a large sample o f even ts

EiMiMS

KALBFLE I
RGGS

BRANCENB
KE YiNE

ALSO

ANDREWS
BART K E
GESSARQL
HOLM»GREN

LYONS
RGGS

APE( DOOR
COOP ER
(:U EN ZER
WICKLUND

75
75
75

76
76
73

77
77
77
77
77
77

78
78
78
78

NP 898 1
PR D 11 987
NP 8 97 165

NP 8 104 413
PR 0 14 28
8 INN I E

PRL 38 198
NP 8 118 360
NP 8 126 382
PL 66 8 191
NP 8 125 Z07
LNC 19 419

NP 8 133 245
NP 8 146 1
PL 76 8 512
PRD 17 1197

+KI N SON » ST ACEY r BELLr DALE+ ( BI RM+DURH+R I EL )
KALBFLEI SCHr STRAND r CHAPMAN ( BNL+ M I C H )
FROGS ( HEL S)

BR ANDENB UR 0 CAR NEG IE CA SHM ORE DA VI ER+ ( S LAC )
+8 I NNI Er CARR r DEBENHAH r GARBUTT r + l LOIC+ SHMP )

+F UKUSHI MAr HARVEY r LQBKOWIC Zr MAY» + ( RGCH)
+ (AACH+BERL+BONN+CERN+CRAC+LO IC+WI EN+ WARS)
GESSARGL Ir + {BGNA+F IRZ+GENO+HILA+QXF+PAVI )
+JQNGE JANS r ENGELENr+ (CERN+AMST+NI JH+CXF )
+COOPERrCLARK ( GXF)
M ~ ROGS ( HEL S INK I )

VAN AP ELDGORNr GRUNDEMANr HART IN Gr + ( Z EEM)
+GURTU r HONTANET r+ ( TATA+CE RN+CDEF+HADR)
+RIBESrRUHPFrBERTRANDrBIZOTrCHASEr+ (LALQ)
+AYRES DIEBQLD GREENE KRAHER PAWLICK I {ANL )

from the reaction Ti p ~ 'r) 'n at beam momenta just
above threshold. They verify that the P' is
produced in a relative S-wave state, and thus the
Adair condition is satisfied by their total sample

of some 1800 events. The decay angular distribution
of the g' is consistent with isotropy, and thus

ROUSSARIE 77 conclude t hat the spin cannot be 2.
BEh KHF. IR 79
CORDI ER 79
CZ hELYAD 79
RODS 79

NP 8 150 268
LAL-79/1

PL 84 8 143
LNC

BENKHE IR Ir E I SENSTE INr +( EPOL+CERN+CDEF+LALO)
+DELCGURTr ESCHSTRUTHr FULDAr+ (L ALO )
DZHELYADINr GOLOVKI Nr GRI TSUK r+ ( SERP)
+PELL INEN (HELS)

¹¹¹¹¹¹¹¹¹ 2 ETA PRIHE MASS (MEV)

AGU IL AR
MA GL I CH
ROSNER
AGUILAR
CHESHIRE
BI NNI E
8 I NiNI E
BUTTRAH
GR IGCRI A

70
71
71
72
72
72
74
75
75

PRL 25
PRL 27
PRL 26
PR D 6
PRL 28
PL 39
PRL 3Z
PRL 35
NP 891

1635
1479
933
29
520

8 Z75
392
970
232

¹¹¹¹¹¹¹¹¹

M(940—953) 66 H( 940-953 )

THE CLAIM FOR A NARROW RESONANCE AT 940 HEV BY
CHESHIRE 72 HAS NQT BEEN CONFIRMED BY BINNIE 72»
74r GRAYER 74r BUTTRAM 75 OMITTED FROM TABLE ~

THE CLAI M FOR A RESONANCE H (953) IN THE PI+ PI-
GAMMA CHANNEL (AGUILAR 70) HAS NOT BEEN
CONF IRMED OMITTED FROM TABLE

REFERENCES FOR H(940-953)

AGUILAR —BENI TEZ BA SSANO SAHIOS BARNES+ (BNL)
+DOST ENSr BRQDYr CV I JANOV ICH (RUTG+PENN+UPNJ )
J ~ L ~ ROSNER r E'~ W. COLGLAZ I ER ( HI NN+CIT )
AGUILAR BENITEZr CHUNGr E ISNERr SAMIOS ( BNL)
+HQFFMAN GARFINKEL + ( IOWA+ANL+PURD )
+CAMI LLE RI r 0UANE r GARBUTTr BURTON+ ( LOI C+SHHP )
+CAMILLFRIr CARRr DEBENHAMr+ ( LOI C+ SHMP )
+CRAWLEYrDUKErLAHBrLEEPERr PETERSON ( ISU)
GR IGORIANr LADAGEr MELLEMAr RUDNI CKr+ { UCLA)

12/75

6/66

EXP ER
57. 0)

958» 0)
KALBFL
957, 0)
960 ' 0)
955. 0)
959.0)
960 0)
957,
956.0)
956 1
957 ~ 4
958, 2
958,
957 46

CNLY
85 (

l

LESS THAN 2 MEV KEPT
DAUBER 64 HBC
KALBFLE1 64 HBC
BY R ITTENBERG 69
BAD I ER 65 H 8(:
TR ILL ING 65 HBC
COHN 66 DBC
LQNDGN 66 HBC
MOTT 69 HBC
RITTENBER 69 HBC
AGUI LAR 70 HBC
BASILE1 71 CNTR
BA SILE1 71 CNTR
DANBURG 73 HBC
JACOBS 73 H BC
DUANE 74 HH S

M C
M

M K

M K

H 0
M O

M 0
H Q

M 0
H

M

M

M

M

M

M

M

M

M

IH ENT S G I V IN G ER ROR F GR AVERAGING
1.95 K-P
2 ~ 7 K-P(1.0)

EISCH 64 SUPERSEDED
l3. 0)
(2 ~ 0)

{10 0)
(3 ~ 0)
(5»0)

1 ~

(2.0)
1 ~ 1
1 ~ 4
0 ~ 5
I»
0»33

3 ~ 0 K-P
3 65 PI+ P
3 ~ 3 PI+D
2 2 K-P
4 1—5 ~ 5 K— P
1 ~ 7-2 7 K — P

3 9-4 6K-P
1 6 PI — PrN XO
1 6 PI — Prh XO
2 ' 2 K-PrLAM XO
2 9 K-Pr LAM XO
PI — P, N MM

12/75
6/66
6/66
7/69
9/69

12/75
11/71
11/71
2/74
I/74
1/74

8
7 (

(
(

G l
3415

535
1414
400

~ ~ » ~

AVG 957 57
STUDENT 957 57

2 ETA PR IHE WIDTH (HEV)

85
3415

514

1000

(4 0)
(8 ~ )
(4 7)
(0 8)
0 28

OR LESS
OR L ESS
OR LESS
OR LESS

0»10

CL= ~ 90
CL= ~ 95
CL=. 95

DA UB ER
BASILE1
DANBURG
DUANE
BI NNIE

64 HBC
71 CNTR
73 HBC
74 MHS
79 MMS

1 95 K-P
1 6 PI- PrN XO
2.2 K-Pr I AM XO
PI — PrN MM

0 P I- PrN MH

11 /71
2/74
1 /74

12/79¹

» ~ ~ ~

0 25 AVERAGE (ERRQR INCLUDES SCALE FACTOR OF 1 0)
0.28 AVERAGE USING STUDENT10{H/1 ~ 11) -- SEE MAIN TEXT
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Mesons
r}'(958)

Data Card Listings
For notation, see key at front of Listings.

Pl ETA P R IME

P2 ETA PR I ME

P3 ETA P R IME

P17 ETA PR IME

P18 ETA PR IME
P19 ETA P R IME
P20 ETA PRIME

P4 ETA PRIME
P5 ETA PRIME
P6 ETA PRIME
P10 ETA PRIME
Pl 1 ETA P R IME
P12 ETA PRIME
P13 ETA PR IME
P 14 ETA PRIME
P15 ETA P R IHE
P16 ETA P RIME

Z ETA PRIME PARTIAL DECAY MQOES

I NTQ PI+ P I- ET A

P 1(N) ETAS DECAY I NTQ ALL NEUTRALS
P 1{C) ETAS DECAY CHARGED
I NTO PIG PIO ETA
P2(N) ETAS DECAY INTO ALL NEUTRALS
P2(C) ETAS DECAY CHARGED
I NTO PI+ PI — GAMMA

( INCLUDING RHO GAMMA)
I NTQ GAMMA GAMMA

I NTO OMEGA GAMMA

I NTQ RHQO GAMMA

INTO PI+ P I- E+ E-
I NTO 2 PI
I NTO 3 PI
INTO 4 P I
INTO 5 Pj
INTO 6 P I
INTO PIO E+ E — (VIOLATES C IN

BORN APPROX )
INTO FTA E+ E- (VIOLATES C IN

BORN APPROX. &

INTO PI 0 RHO 0 ( V IOLATE S C )
INTO PIO CMEGA f V ICL ATES C)
I N TQ HU+ MU — GA MMA

134+ 134+ 548

139+ 139+ 0

0+
C+
0+

139+
139+
139+
139+

0
782
776
139+ 5+ 5
139
139+ 134
139+ 1 39+ 1 39

134+ .5+ .5

548+ .5+ .5

134+ 776
134+ 782
10 5+ 105+ 0

DECAY MASSES
139+ 139+ 548

R4
R4
R4
R4
R4
R4
R4

R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5

R6
R6
R6
R6
R6
R6
R6
R6
R6

K

K

FIT

ETA PRIME INTO (PI+ PI- NEUTRALS (EXCLUDING
P I+ P I- ETA (NEUTR. DEC. ) ) ) / TOTAL

10 (0 ~ 05 } {0 04) KALBFLE2 64 HBC.
KALBFLEZ 64 SUPERSEDED BY RI TTENBERG 69

42 0 045 0 ~ 029 RI TTENBER 69 HBC

(P2C+P5)

2 7 K-P

'1 ~ 7-2 ~ 7 K-P

10/66

9/69

ETA PRIME INTO
54 {0 25)

KALBFLE2
16 0.24
32 0 3

123 0, 189
535 0 ~ 185

K

K

AVG
STUDENT
FIT

~ ~ ~ ~ 0 ~

0 190
0 190
0 185

(NEUTRALS) / TOTAL
(0 ~ 05) KALBFLE2 64
64 SUPERSEDED BY RITTENBERG
0 17 BADIER 65
0 ' 1 LONDON 66
0. 026 RI TTENBER 69
0 ~ 022 BA SI LE1 71
e ~ ~

0 ~ 016
0 018
0, 014

( P2N+P4-)
2 7 K-P 10/66HBC

69
HBC
HBC
HBC
CNTR

3 0 K-P
2 2 K-P
1 .7-2 e 7 K-P

1 ~ 6 PI- PgN XO

10/66
].0/66
9/69

11/71

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1~0)

ETA PR

K 42
K

35
20

298

AVG
STUDENT
FIT

I ME I NTO ( P I+ PI — GAMMA

{0~ 2Z ) (0 ~ 04)
KALBFLE2 64 SUPERSEDED

(0.34) (0 ' 09)
0 2 0 1
0 ~ 329 0 033

( INCLUDING RHQ GAMMA) )/TOTAL
(P3)

KALBFLE2 64 HBC 2 ~ 7 K-P
BY RITTENBERG 69

BADI ER 65 HBC
LONDON 66 HB C

RITTENBER 69 HBC

3.0 K-P
2 ~ 2 K-P
1 7-2 7 K-P

10/66

~ 10/66
10/66
9/69

~ ~ ~ t ~

0. 316
0 ~ 317
0 298

~ ~ ~

0 038 AVERAGE ( ERRQR INCLUDES SCALE FACTOR QF 1 2 )
0.035 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
0~016 FRQH F IT ( ERROR INCLUDES SCALF FACTGR OF 1 0)

~ ~ ~ ~ 0 ~ ~ ~ ~

0 0916 0 ~ 0069 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1.0 )

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P. , as follows: The diagonal elements are P, + 6P. , where
1 1 i

6P. = Q (6P.6P.), while the off-diagonal elements are the normalized correlation coefti-
1 1

cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P. , see the listingsi j j. J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to i.

P 2 P 4P 3P 1 P 5
P 1 4 25 1+- 0174
P 2 ~ 636 7 ~ 23 C9+ ~ 0205
P 3 — 2919 —.5040 .2977+- 0162
P 4 ~ 0363 — 1140 0076 ~ 01 88+- 0016
P 5 ' 0650 — 2002 —.1510 — 0044 .0274+—.0054

R7
R7
R7
R7
R7

R8
R8

R9
R9

R10
R10

Rl 1
Rll
Rl 1
Rl 1

9/68

F IT
~ ~ l ~ ~ 0 4 ~

0 ~ 454 Oa 036 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0)

ETA PRIME INTO ( PI 0 E+ E-}/TOTAL {P16)
(0 013)QR L ES S RITTENBER 65 HBC 2 7 K-P 10/66

ETA PRIME I NTO ( ETA E+ E- ) /TOTAL
(0 ~ 011)OR L ESS P ITTENBER 65 HBC 2~ 7 K-P 10/66

ETA P R IME INTO (P IO RHOO) /TOTAL (P18)
(0 04) QR LESS RITT ENBER 65 HBC 2 7 K- P 10/66

ETA PR IME INTO(GAMMA OMEGA) /TOTAL
R (0 08) OR LES S RITT ENBFR 65 HBC
R INCLUDES P I 0 OMEGA

( ~ 05) OR LESS CL= 90 KALBFLEI 75 HBC

(P5)
2 ~ 7 K- P 10/66

2 ~ 2 K- P p GAMMA + 1Z/75

ETA PRIME INTO (P I+ PI- GAMMA ( INCLUDING RHO GAMMA) ) /(PI PI ETA)
( P3 ) / (P 1+P 2 )

Oi31 0.15 DA VI S 68 HBC 5 5 K- P

Rl 2
R12

ET A P R IME INTO t P I+ P I— E+ E—) /TOTAL
{0~ 006}OR LESS RI TTENBER 65 HBC

( P10)
2 7 K-P 10/66

Note on g'(958) Branching Fractions

In our calculation of the branching fractions
of the p ' (958), we u se the de cay mode s
(inc luding &Ti Tl ), p g, (1}g, and gg. It. is as sumed

0 0 0

R13
R13

R14
R14

R15
R15

R16
R16

ETA PR IME INTO (2 PI } /TOTAL (Pl 1 )
{0~ 07 ) QR LESS LONDON 66 HB C COMP I LA T I ON

ETA PRIME INTD t 3 P I ) /TOTAL (P12)
(0+07) OR LESS LONDON 66 HBC COMP ILAT IQN

ETA PR. IME INTO (4 P I )/TOTAL (P13)
(0 ~ 01 ) OR LESS LONDON 66 HB C COMP I LAT I QN

FTA PR IME INTO (6 P I ) /TOTAL (P15)
(0.01) OR LESS LONDCN 66 HBC COMP ILAT ION

10/66

10/66

10/66

that the rate g ~ neutrals is 71.0%.

In the fit we do not. use the constraint

R17
R17
R17
R17 FIT

ETA P R IME INTO (CMEGA GAMMA) / (P I+P I-ETA) (P5 ) /(P }.)
68 0. 068 0 ~ 013 ZA NF I NQ 77 AS PK 8 ~ 4 Pj-P 12/77

e ~ ~ o e o ~ ~ ~

Oo 064 0 ~ 013 FROH F IT (ERROR I NCLUDES SCALE FACTOR OF 1.0 }

I'(g' ~ q7t Ti )
R

I'(q' ~ qTl m )

R18
R18
R18
R18
R18 F IT

ETA PRIME INTO (P I+ P I- GAH( INCL ~ RHQ GAM) )/(PI PI ETA + CMEGA GAM)
( P3) /( Pl+PZ+P5)

0.25 0.14 DAUBER 64 HBC 1 95 K-P
~ ~ 0 0 \ ~

0 436 0 034 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0 )

10/66

from I—spin conservation. The result of the fit is
in agreement with it: R = 1.8 + 0.2.

2 F TA PRI ME PARTIAL WIDTHS ( KEV)

R},9
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19

ETA
5
7

68

6000

AVG
STUD ENT
FIT

P R I ME I NTO
0, 055
Oo 126
0. 020
0 ~ 0171
0% 025
0 ~ 018

( 2 GAMMA)
0 036
0 ~ 075
0 008
0 0033
0 007
0 002

/TOTAL
0 ~ 030 BOLL IN I

BENS INGER
0 006 HARVEY

DALP IAZ
DUANE
AP EL

68 CNTR
70 DBC
71 OS PK
72 CNTR
74 MMS
79 CNTR

(P4)
1 ~ 9 Pj- P
2 2 P I+ D

3 ~ 65 Pj — PyN XO1.6 PI- PeN XO
PI —Pg N MH

1 5-40 PI — P

12 /72
12/72
11/71
12/7 2
12/75
12/794

~ 1 ~ 0 ~ ~ ~ I ~

0e Ol 8 0 0 ~ 0016 AVERAGE ( ERROR I NCLUDE S SCALE FACTOR OF 1 o0 }
0 ~ 0184 0 ~ 0018 AVERAGE USING STUDENT10{ H/1 11) -- SEE MAIN TEXT
0. 01 88 0 ~ 0016 FROM F IT ( ERROR I NC{ UDES SCAL E FACTOR CIF 1.0 )

ETA PR j&E INTO f GAMMA GAMHA ) {G1}
Wl C 23 {5 8} (2 3} ABRAMS 79 SHAG E+E- g E+E- RHQ GA ~ 12/79&

C Tl- E S Y STEMA T IC ERROR HAS BEEN ADDED LI NFARL Y.

2 ET A PRIME BRANCHING RAT IQS

SEE MI Nj —REVIEW ABOVE

R20
R20
RZ0

R21
R21
R21

R22
R22
R22

ETA P R IME INTO (P I+PI-) /TOTAL
(Oe 02) OR LESS RI TTENBE R 69 HBC
(Oe 08 ) OR L ES S CL ~ 95 DANBURG 73 HBC

ETA PR IME INTO (PI+PI-P IO)/TOTAL
(0 05 ) OR LESS RITT ENBER 69 HBC
(0 09) OR LESS CL= 95 DANBURG 73 HBC

ETA P RIME I NTO {PI+Pj+P I-P I —) /TOTAL
{0 Ol ) OR LESS RI TTENBER 69 HBC
(Oo 01) OR LESS CL= ~ 95 DANBURG 73 HBC

(Pll }
1 7-2 ~ 7 K-P 9/69

2 ~ 2 K-P g L AM XO 2/74

(P12)
1 7-2 7 K-P 9/69

2 2 K-Pg LAM XO 2/74

(P13}
1 7-2 ' 7 K-P 9/69

2 ~ 2 K-P p L AM XO 2/74
ETA PRIME I NTQ (PI+ PI-ETA (NEUTRAL DEC } )/TOTAL (PlN )

K 68 (0 36 ) (0 05) KALBFLE2 64 HBC 2.7 K—P
K KALBFLEZ 64 SUPERSEDED BY RITTENBERG 69

281 0.31 4 0 OZ6 RITTENBER 69 HBC 1 7-2 7

Rl
Rl
Rl
Rl K-P
Rl ~ ~ ~ ~ 0 ~ ~ ~ ~

Rl FIT 0 302 0 ~ 012 FROM FIT (ERRGR INCLUDES SCALE FACTOR OF 1 0)

10/66

9/69

R23
R23

R24
R24

ETA PR IME INTO ( PI+ PI+PI-PI-P IO)/TOTAL
(0.01) OR LESS RITTENBFR 69 HBC

ETA PRIME INTO (PI+Pl+PI-PI — NEUTRALS)/TOTAL
{0 01) OR LESS RI TTENBER 69 HBC

(P14)
1+7-2 7 K-P

(P15+... )
1 7-2 7 K-P 9/69

ETA PR
33
39

R2
R2
R2
R2
R2 AVG
R2 STU D ENT
R2 FIT

R3 ETA PR
R3 K 44
R3 K

R3 7
R3 10
R3 107
R3
R3 AVG
R3 STUDENT
R3 F IT

IME INTO fPI+ PI- NEUTRALS) / TOTAL
0 35 0 06 BADI ER 65 HBC
0 ~ 4 0.1 LONDON 66 HBC

{P1N+P 2C+P 5)
3 0 K—P

2 2 K-P
10/66
10/66

0 ~ 363
0 363
0 393

~ ~ I 0 ~

0 051
0.056
0.011

AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING .STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 0)

IME I NTO
(0. 12) (

KALBFL E2
0 07
0~1
Oi 123

PI+ PI- ETA (CHRGD. DECAY) )/TOTAL
0 OZ) KALBFLE2 64 HBC
64 SUP ER SEDED BY R I TTENBERG 69
0 04 BADI ER 65 HBC
0.04 LQ NDQN 66 H BC
0 ~ 014 RI TTENBER 69 HBC

(P1C }
2 7 K—P

3 ' 0 K-P
Z ~ 2 K-P
1.7-2~ 7 K-P

10/66

10/66
10/66
9/69

~ ~ ~ ~ ~

0 ~ 116
0 116
0~ 1233

0 013 AVERAGE f ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 0 14 AVERAGE USING STUDENT 10( H/1 ~ 11) —— SEE MA IN TEXT
0 ~ CC50 FROM FI T ( ERROR INCLUDF S SCALE FACTOR QF 1.0 )

R25
RZ5
R25
R25
R25
R25
R25
R25
R25
R25

R26
R26
R26
R26

(P6)/(P3)
3 ~ 9-4 ~ 6 K- P
2 ~ 2 K-Pr L AH Xp
2.2 K-Pet AM XO

FTA PRIME INTO {RHQO GAMMA) /(ALL PI+ PI — GAMMA)
0 ~ 94 0 20 AGUILAR 70 HBC

E 473 jo 15 0 ~ 10 DANBURG 73 HBC
E 473 (0 95) OR MORE CL= 95 DANBURG 73 HBC
E EQUI VALENT STATEMENTS

137 1 Cl 0 ~ 15 JACCBS 73 HBC
615 (1 ROUSSARI E 77 OSPK

e ~ ~ ~ a t e o e
I. 082 0 077 A VERAGE ( ERROR I NCL UDE S S
1 082 0 ~ 086 AVERAGE USING STUDENT10(H

1/71
2/74
2/74

2 ~ 9 K-P p LAM XO 1/74
1.4 Pj-P ETAPR N 1/78

AVG
STUDENT

CALE FACTOR OF 1 0)
/1 11) -- SEE MAIN TEXT

ETA PR IME INTO ( P jp P IO ETA INTO 3 PI 0) /TOTAL
4 0 ~ 11 0 ~ 06 BENSINGER 70 OBC

(P2N(3PI0) )
2.2 Pj+ D 1/71

F I T
4 e ~ 0 O ~ ~ I ~

0, 069 0 ~ p06 FROM FIT (ERROR I NCLUDFS SCALE FACTOR OF I ap )
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Data Card Listings
For notation, see key at front of Listings.

Mesons
(e58), a(eso)

ETA PRR27
R27
R27 K

R27 K NGT A

R27 473
R27 192
R27 P 2603
R27 P PREL I
R27
R27 A VG
R27 STUDENT
R27 F IT

IME INTO ( PI+ PI- ~ GAMiMA) /( P I+ PI — ETA(NEUTRAL DEC ~ ) )
{P3) /(P1N]

(0 54} (0 10) AQUI LAR 72 HBC 3 ~ 9t4»6 K- P 12/72
VERAGED DUE TO CGMPLICATIGN WITH M(953) ~ SEE KALBFLEI 74»

0 92 0 ~ 14 DANBURG 73 HBC 2 ~ 2 K-P r LAM XO 2/74
1 11 0e18 JACOBS 73 HSC 2 9 K-Pt LAM XO I/74

(1 18 ) (0.20) RGUSSARI E 77 OSPK 1 ~ 4 PI-Pt ETAPR N 12/77
MINARY RESUL-T

\ ~ ~ ~ ~ ~ ~

0 ~ 99 0 ~ ll AV ERAGE ( ERROR INCLUDES SCAl E FACTOR OF 1 ~ 0)
0 99 0 ~ 12 AVERAGE USING STUDENT10(H/1 11) —SEE MAIN TEXT

'0 ~ 986 0 ~ 076 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

R28 ETA PR IME INTO (2.GAMMA)/( PIC PIO ETA(NEUTRAL DEC ) )
R28 (P4)/(P2(N) )
R28 16 0 1 88 0 ~ 058 APEL 72 OSPK 3 ~ 8 PI- Pr N XO 1/73
RZ8 ~ » e e ~ e e» ~

R28 FIT 0» ll 5 0 ~ 015 FROM F IT ( ERROR INCLUDES SCAL E FACTOR OF 1 ~ 0)

a(eao) 36 DE LTA(980 r JPG=O+-) l=l

Observations of missing-mass peaks in the 960

MeV mass region are mostly controversial and are

therefore not listed here. Under this entry, we

list two types of I = 1 peaks near the KK threshold:

R29 ETA PR IME INTO (MU+ MU- GAMMA )/TOTAL (UNITS l0¹¹-5) (P20)
R29 25 8 ~ DZHELYADI 79 CNTR 0 25-33 Pl- P

2 . ETA PRIME C-NGNCGNSERVING DECAY PARAMETER

RELATED TEXT SECT I CN VI C

I2/78¹
12/79¹

1. &7t decays, peaking slightly below the KK
Gthresho1d. Thi s defines I = 1 and

pJ = normal.

2. A KK threshold enhancement with I = l.
A

A

A

A

A
' S

A S
A S
A

A

A AVG
A STUDENT

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 e0)
AVERAGE USING STUDENT10(H/le jl) -- SEE MAIN TEXT

0 ~ 049
0 056

-0 001
-0 ~ 00 1

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
REFERENCE S FOR ETA PRIME

DECAY AS Y MME TRY PARAMETER FGR Pl+ P I- GAMM A

152 07 08 Rl TT ENSE 65 HSC 2 ~ 1-2 ~ 7 K-P 12/75
103 .00 F 10 KALBFLEI 75 HBC 2 ' 2 K-P 12/75
295 —~ 069» 078 GR IGGR IA 75 ST RC 2» I. P I-P 12/75

P 615 f-.008) {.053) RGUSSARI E 77 GSPK 1 ~ 4 PI-P ETAPR N I/78
SIGN OF ASYMMETRY PARAMET ER CHANGED BY US TO CONFORM WITH
DEFINITION I N TE XT SEC TI ON VI C

P PRELIMINARY RESULT

This association is justified by the remark

(ASTIER 67) that the KK threshold enhancement may

be due to a virtual bound state also coupled to the

gvi system. In a coupled-channel analysis MORGAN 75

and FLATTE 76 show that, the resonance width of the

h (980) may be much larger than the width observed

DAUBER 64
ALS 0 64

GOLDBERG 64
GOLDBERG 6 r
KALB FLE 1 64
KA LB FLE 2 64

P RL 13 449
DUBN A CONF
PRL 12 546
P RL 13 249
PRL lZ 527
PRL 13 349

DAUBER r S LATE Rt SMITHt STO RKt T ICHG (UCLA) JP
l 418 DAUBER SL A TER L T SM I TH STORK, TICHG (UCLA)

+GUNDZ IKt L ICHTMANt CONNGLLYr HARTt+( SYRA+BNL)
+GUNDZIK, LEI TNERtCGNNGLLYt HART r+ {SYRA+BNl )
KALB FL E ISCH ALVAREZ BARSARG-GALTI E RI + ( LRL}JP
GeR ~ KALBFLEISCHt G DAHLt A ~ RITT ENBERG (LRL )JP

in the &Ti system. Coupled-channel analyses of more
0recent K K and &Tr data, however, rule out a large

width (IRVING 77, MARTIN 78 g 79) .
BADI ER 65 Pl 17 337
KI ENZLE 65 PL 19 438
BITT ENSE 65 PRL I 5 556
TRILLING f 5 PL 19 427

CGHN 66 PL 2 1 347
LCNDGN 66 PR 143 1034
MARTIN 66 PL 22r 352

SARBARG- 68 PRL 20 349
SA RI. GUT A 68 PL 26 8 674
BGL LINI 68 NC 58 A 289
DAVIS 68 PL 27 B 532

DUFcY, 69 PL 29 8 605
MOTT 69 PR 177 1966
RI TT ENB E 69 UCRL-18863

BADI ER DEMOUL IN BARLGUTAUD+( EPOL+ SAC L+AM ST)
KIENZLEt MAGLICt LEVRAT rL EFEBVRES + f CERN)
R I TT ENB ERG tKALBF LE I SCH (LRL+BNL)
+BRGWNr GOLOHASERSrKADYKr SCANIO f LRL)

CQHNt MCCULLOCHr BUGGt CONDO (QRNL+TENN+UCND)
LONDON t RAUt SAMI GS ~ GOLDBERG + ( SNL+SYRACUSE ) IJP
MART IN t CR ITT ENDE Nt SCHRGEDE R (I NDI ANA U }I

SARBARG GALTIERI r MATI SONr RI TTENBERG+ ( LRL) I=O
BARLGUTAUD+ ( SACLAY+AMST+SGNA+REHQ+EPOL) I ~0
+BUHLERt DALPI AZt MASS AM+ f CERN+BGNA+STRB )
+AMMARr MOTT r DAGANr DERRI CKt F IELDS (NWES+ANL)

+GOB B I r PGUCHON t C NGPS r+ ( E T H+ C E R N+ S AC L ) I JP
+AMMARr DAVI Sr KRGPACt SLATEt DAGAN+ ( iNWE S+ANL }
ALAN RI TTENSERG (THESIS ) {LRL ) I=O

The low Q-value of the KK threshold enhancement

and decay distributions of the 1)Yi system favor
P +J = 0 . Additional evidence (LIPKIN 69) comes

from the absence of a P7t decay mode (GRASSLER 77) .

36 DELTA( 980) MASS ( ME V)

AGUI LAR 70 PRL 2 5 1635
BENS INGE 70 PL 33 8 505

SARDADIN 71 PR D4 2711
BASIL El 71 NC 3 A 371
BASILEZ 71 NP 8 33 Z9
HARV EY 71 P RL 27 885
GGIcVETS 71 PL 35 S 69

AGU IL AR 72
APEL 72
8INNIE 72
8 L GCDWQR 72
DALP IAZ 72
RADER ?2

PR D b 29
PL 40 8 680
PL 39 8 275
NP 8 39 525
PL. 42 8 377
PR 0 6 3059

DANBURG 73 PR D 8 3744
JACOBS 73 PR D 8 18
KALSFLE I 73 PRL 31 333

AGUILAR-BENITEZt BASSANGr SAMIOS r BARNES+( BNL)
BENSINGER ERWIN THOMPSON W 0 WALKER (WISC)

8ARDADI N-OTWI NOW SKAt HOF MOKL t M I CHEJ DA+('WARS )
+8 GLLI NI DALPIAZ FRABETTI +(CE RN+SGNA+ STRB)
+BOLL INIt DALPIAZr FRABETTI t+f CERN+BGNA+STRB)
+MARQUI T t PETERSGNr RHGADESt+ '(MINN+MICH)
GGIEVETSKY TYSOR ZASLA VSKY {DUBNA)

AGUI LAR-BENI TFZ r CHUNG r E ISNERr SAMI OS ( BNL)
+AUSLANDERt MULLERt BERTGLUCCI t+ {KAR. L+PISA }
+CAMI LLERI t DUANE r GARSUTTt BURTON+ (LGI C+S HMP)
BLGGDWGRTH JACKSON, P RENTICE, YQGN (TORONTO)
+FRABETT I r MASSAMt N AV ARRI A ~ ZICH I CHI (CERN )
+ABGLI NSr DAHLtDANSURGt DAVIEStHGCHr+ (LBL)

+ KALBF LEI S CH r BORE NST EI N r CHAPMAN r + f BNL+M'ICH) J P
+CHANGt GAUTHIERt+ ( BRA N+V MD+ SYRA+ T UF T ) J P
KALBFL EI SCHr CHAP MANt + ( BNL+MI C H+L BL ) J P

M ETA PI F
M 30
M 10
M 80
M 20
M

M 15
M 21
M 150
M C70
M CW 20
M 80
M J 80
M

M 47
M 50
M R 145
M

M AVG
M STUDENT

INAL STATE
980»0

( 960
(975.0]
970» 0
980~

f 980 ~ 0)
( 948» 0}
972.
989~ 0

f 988» 0)
981 ~ 0

( 974 0)
977 ~ 0
980~

S?8~ 0
990 ' 0

~ e e ~ ~ ~

981 0
980 ' 9

ONLY
10 ~ 0
AP PROX ~

15»0
10»
10 ~ 0)
(7 0)
10.
10 ~ 0
(9 0)
6, 0

{9 0)
7 ' 0

lj»
16 0

7 ~ 0
~ e ~

2 8
3 2

AMMAR
CHUNG S
DE FGI X
BARNES
CAMPBELL
MILLER
BARDADIN
DE FOI X
WELLS
WE LLS
GA Y
GAY
GRA SSLE R
CONFORTG
CQRDEN
GURTU

68 HBC
68 HBC
68 HSC
69 HBC
69 DBC
69 HBC
71 HBC
72 HBC
75 HBC
75 HBC
76 HSC
76 HBC
77 H BC
78 OSPK
78 QMEG
79 HBC

t5 5K-tETA Pl
3 2 PI-P
1 2 PB PrETA PI
4-5 K- P t P I- E TA

2»7 PI+ D

4e 5 K-Nt ETA PI
8 PI+P, P DO PI
0»7 PBAR P »7 PI
3 ~ 1-6 K-Pt ETA PI
3 1-6 K-Pr ETA P I
4 ~ 2 K-P t ETA PI
4 ~ 2 K-Pr ET A P.I
1.6 PI-+Pt ETA PI
4 ~ 5 Pl-Pt P X-
12-15PI-Pr ETA P I
4 2 K- PrETA PI

2/73
5/70

11/77.
9/69
1/73
7/69

11/77
1/73

ll/77
11/77
11 /77
ll/77
11/77
4/78¹
4/78¹

12/79¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT 10(H/1 1 1) -- SEE MAIN TEXT

BALTAY ?4 PR D9 2999
DUANE ?4 PRL 32 425
GAU{T 74 NC 24 A 259
KA LBF LE I 74 PR 010 916

GR IGORI A 75 NP 891 232
KALSFLEI 75 PR 0 11 987

+CQHENtCSGRNAtHABIBItKALELKARt+ (COLU+SING) JP
+BI NNI E ~ CAMILLERI r CARRt CEBENHAM+ (LOIC+SHMP )
+JGNESr SCADRGNr THEWS f DU RH+ L GI C+A RI Z )
G ~ R ~ KALBFL EISCH ( SNL)

GR IGGR IANt LADAGEt MELLEMAt RUDNI CKt+ ( UCLA)
KA LBF L EI SC H. r ST RAND r CHAP MAN {SNL+M ICH)

M C SYSTEMATIC ERROR 6 MEV DUE TG ENERGY CALIBRATION ADDED
M J USING A TWO CHANNEL RESGNANCF PARAMETRIZATIGN WITH THE COUPLING
M J CONSTANT RATIO ( ETA PI ) /(K KBAR) FIXED AT SU(3) VALUE OF 2/3
M R FROM D(1285) DECAY
iM W WEAK EVIDENCE ONLY FOR DELTA+ PRODUCTION

CERRADA 77
DE LA GUI L 77
GESSARGL 77
LEDN ICKY 7?
RCUS SAR I 77

ALSO 77
ZANF ING 77

NP B 126 189
PR D 16 2833
NP 8 126 382

E2- 10521 r 22 r23
PREP R INT

BUDAPE ST CONF
PRL 38 930

+WAGNERt BLQCKZ I J Lr + (CERN+AMST+NI JM+GXF )
F ~ DEL AGUI LA AND M ~ G DGNCEI (BARCELCNA)
GESS ARGL I ~ + ( BGNA+F I RZ+ GENG+M ll A+OXF+PA VI )
R LEDNICKY {JINR)
+ERNWE IN r F EL TE SSE r BORGEAUD rRQUSSARIE+ ( SAC L ]
HEMINGW AY REVIEW TALK (CERN)
+BRGCKMANr DANKGWYCH ~ + ( CARL+MC GI+GHIO+TNTG)

JP
JP

JP
JP

M K KBAR ONLY SE E THE TYPED NOTiE ABOVE
M 143( 1003~ 3) 7 ~ 0+ SYSTEMATIC RQSENFELD 65 RVUE +-
M 100 (1016.) f 10.) ASTIER 67 HBC +- 0 PBAR P

36 DELTA( 980) WIDTH ( MEV)

8/66
12/77

AB RA MS 79 SLAC-PUB 2421
ALSO 79 P RL 43 477

APE{. 79 P L 83 8 131
BI NN I F. 79 PL 83 8 14 I
CZHELYAD 79 PL 8 88 379

+A LA Mr BLOCKER r BOY ARS KI t + ( SL AC+LBL )
ASRAMS ALAM BLOC KER BOYARSKI ~ + ( SLAC+LBL )
+AUG ENSE E IN, SERTGLUCC I ( KARL+P I SA+ SERP+ WI EN }
+CARR r DEBENHAMr JONES rKARAMI r KEYNE+ (LCIC )
DZHELYADIN, GOLQVKI Nr GRI TZUK tKACHANOV+ ( SERP)

ETA PI F INAL S
W 30 80 0

80 (25.0)
W 20 f 50 0)
W 40
W 15 60 ~ 0
W 21 31 0
'W 150 ( 30» )
W 70 (jb» 0}

W 20 (5~ 0)
W F 80 TG
W N 55» 0
W J (72e 0}
W 44, 0
W 47 60»
W D 50 86.0
W R 145 60 ~ 0
W ~ ~ ~

W AVG 51 ~ 6
W STUD ENT 51 ~ 6

TATE ONLY
30 0

GR LESS
15 ~

30 ' 0
28 ' 0
(5 )

(25 ~ 0)
(11 0)

300
15»0

( 51 ~ 0)
22.0
50
60.0
20 ~ 0

7»5
8 ~ 2

( 16~ 0)
(5.0)

30 ~

50 0

AMMAR
DEFG IX
BARNES
CAMPBELL
MILLER
BARDADIN
DEFQIX
WELLS
WELLS
FLATTE
GAY
GAY
GRAS SLER
CONF ORTO
CORDEN
GURTU

68 HBC
68 HBC
69 HBC
69 DBC
69 HBC
71 HBC
72 HBC
75 HBC
75 HBC
76 RVUE
76 HBC
76 HBC
77 HBC
78 OS PK
78 OMEG
79 HBC

~ 5 5K- t ETA P I 2/73
1 2 PB Pt ETA PI ll/77
4-5 K-P r P I-ETA 11/77

2 ~ 7 PI+ D I/73
4 ' 5 K-NtETA PI 2/74

8 P I+P P DD P I ~ 2/74
0 7 PBAR Pr7 PI 2/74
3 ~ l-b K-Pt ETA PI
3»1-6 K-Pt ETA P I
4 ' 2 K-PrETA PI lj/77
4 ~ 2 K-P E TA Pl 11/77
4 .2 K-P ETA PI 1 1/77
16 PI-+ Pt E TA P I 11/77
4»5 PI-Pr P X- 4/78¹
1 2-15PI-P t ETA PI 4/78¹
4 ~ 2 K- P t E TA Pl 12/79¹

AVERAGE fERROR INCLUDES SCALE FACTOR CF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT
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Me sons
0(980), S'(980)

Data Card Listings
For notation, see key at front of Listings.

W F
J

W

W R
W W

USING A TWO CHANNEL RESONANCE PARAMETR IZATION GF GAY 76 DATA
SEE NOTE J ABOVE
THE ERROR IN THE PAP ER IS WRONGLY QUOTED AT ONE POINT
FROM D(1285) DECAY
WEAK EVI DENCE GNLY FOR DELTA+ PRODUCTION ~

S'(980)
3 5+(980' JPG=O++) I =0

UNDER THI 5 ENTRY WE LI ST PARAMETERS OF THE POLE IN THE
ISOSCALAR S WAVE ~ FGR A MINI-, REVIEW SEE UNDER EPSILON
PO SSI BLE EVIDENCE OF D-WAVE PI PI INTERACT IONS IN THI S
REGION IS LISTED SEPARATELY UNDER ETA N(1080)

W K KEAR ONLY' SEE THE TYPED NOTE ABOVE
W 143 (57 0) 13 0+SYSTEMATIC ROSE NFELD 65 RVUE +— 8/66
W 100 ( 25 ~ ) APPROX. ASTIER 67 HBC +- SEE NOTE A ABOVE 9/67

N ( 120 ) APPROX ~ MORGAN 75 RVUE 1 2 PBAR P 12/75
W M FROM COU PL ED CHANNEL F IT TG DUBGC 72 DATA

FOR EARLY WORK USING BREIT-WIG NER OR SCATTERING
LENGTH PARAMETRIZATIQN IN FITS TO THE K KBAR MASS
SPECTRUM w SEE REFERENCE SECTION AND OUR 1972 EDIT IQN

Pl
P2
P3

DELTA(980)
DEI TA(980)
DELTA(580)

36 DELTA(980) PARTIAL DFCAY MODES

INTO ETA P I
INTO RHO P I
I NTQ K KBAR

DECAY MASSES
548+ 134
776+ 1 34
497+ 497

36 DELTA (980 ) BRANCHING RAT IOS

(P2) /(Pl)
70 HBC +- 4 ~ lg 5 ~ 5K-p ETA P I. 5/70

Rl DELTA(980 ) INTO ( RHG PI )/(ETA PI)
Rl (0.25 ) OR LESS CL= .70 ANMAR

(997 ~ )
987 ~

{997~ )
(1012~ )
{1007 )

(986 )
969 0
986 ~

M R

M

M A

M R

M R
M A

N C
M

M

M

~ ~ e ~

A VG '376 6
STUDENT 976.9

3 REAL PART OF THE 54 POLE POSITION (MEV)

PI+ P
P I- Pv5+ N

1 7 PI-Pg PI+PI-N
17 PI-Pg PI+PI-N
17 P I-P g N P I+P I—
1 7 P I-P g P I+PI-N
2-2 4 P I-P
~ 7 PBAR Pw KS KS

(6.}
7. PRQTOPQPE

BI NNI E
ESTABROOK
GRAYER
HYA MS

FUJII
LEEPER
AGUI LAR

73 HBC
73 CN TR
73 ASPK
73 ASPK
73 AS PK
75 RVUE
77 ASPK
78 HBC

12/77
12/77
12/75
12/77
12/77
12/75
12/77
12/77

(6 ~ )
(20 )
(5 ~ )
5.0

10'
~ ~ e ~ ~

6 ~ 2 AVERAGE ( ERROR !NCLUDES SCAL E FACTOR OF 1 6 )
5 ~ 1 AVERAGE USING STUDENT10(H/1 ~ 11) —SEE MAIN TEXT
(SEE IDEGGRAN BELOW

R2
R2 L

R2
R2 L
R2 L

DELTA(980) INTO ( K KBAR)/(ETA P I )
( 0 25) (0 08) DEFGIX

SEEN GAY
( 0.7) (0 ~ 3} CORDEN

FROM THE DECAY OF D( 1285) .

{P31/(Pl)
72 HBC +— 0 ' 7 PBAR P I. 1/77
76 HBC — 4 ~ 2 K-P ETA PI 11/77
78 OMEG 12-15PI—P 4/78+

A FROM SINGLE CHANNEL FIT TO HYANS 73 DATA
C FROM COUPLED CHANNEL FIT TO HYAMS 73 AND PROTOPOPESCU 73 DATA e
C WITH A 5 IMULTANEOU S F IT TG THE P I P I PHASE-SHIFTS,
C I NELASTI CI TY AND TG THE KS KS INVARIANT MASS ~

R INCLUDED IN AGUILAR 78 FIT

REFERENCES FOR DELTA(980)

TU RKQT 63 SI ENNA CCNF 1 661 +COL

LINSEY

F UJ I I g KEN P+ {BNL+PITTSBURGH)

HEI6HTEO AUERA6E = 9?6 .6 + 6 .2
ERROR SCALED BY 1.6

ARNENTER 65 PL 17 344
BARASH 65 PR 139 8 1659
KI Ei(ZLE 65 PL 19 438
ROSENFEL 65 OXFORD CCNF 58

ARNE NTEROS gEDWARDS g JACGBSEN + (CERN+CDEF)
+FRANZ I NI t KI R SCH y NI LLER e STE INB ERGER+ ( C CLU )
+ MAGL I Cy L EVRATy LEF EBVRES + (CERN)
A H ROSENF ELD ( L RL-- RVUE )

ALLEN D

SALT AY

FQCACC I
QC STENS

66 P L 22 '543
66 PR 142 8 932
66 PRL 17 890
66 PL 22 708

+GP FI SHER ~ G GODDENg L MARSHALL t SEARS (COLD) G=+
+LACH SANDWE I SS TAFT YEH STOiNE HI LL+ ( YALE)
+ KI ENZLEy LFVRATy!4IAGLICgMART IiN (CERN)
+CHA VANQNeCROZON g TGCQUEVILLE (SACLAY e CDEF ) I= 1

ALLI SCN
ASTI ER

ASTIER
BA IL LON
EANNER 1
BA NNER 2
BARLOW
CCNF QRTC

AMMA R

C HUiNG S
DEFO IX
GALT IERI
JUHAl A

SA ERE CO

68 P RL 21 1832
68 PR 165 1491
68 PL 28 8 253
68 PRL 20 349
68 PL 27 8 257
68 PL 26 8 674

69 P RL 23 610
69 P RL 22 1204
69 P RL 22 1398
69 PR 184 1461
69 PR 177 1951

PRl. 22 21Z
69 PL 29 8 255
69 PR 188 2011
69 PR 188 Z081

BARN ES
CA MP8 EL L

CRENNELL
J'J HAL A

KRLiSE
L I PK IN
MILLER

ALSO
SCHRG ED F

67 PL 258 619
67 PL 25 8 294
67 INCLUDES DATA
67 NC 50A 393
b7 PL 25 8 300
67 PL 25 8 56'3
67 NC 50 A 701
67 NP 83 469

+CRUZ+ (OX F+MP IN+8 IRM+RHEL+Gl. AS+i QIC)
+MON TA NET, BA UBI.L LI ER, 0UBGC+ (CD EF+C ERN+ I RAD )

GF BARLOW 67' CQNFGRTG 67' ARNENTERO S 65.
+EDWARD S+D—ANDLAU+ASTIE R+ (CERN+CDEF+ IRAD )
+FAYOUX CHANEL y ZS EMBER Y ~ CHE ZE+ (SAC LAY+ C AEN)
+CHE ZE, HAiilEL, MAREL, T E I G ER+ {CDEF+SACL )
+MONTANETpD-ANDLAU+ (CERN+CDEF+ IRAD+LIVP)
CONF GRTGy MARECHAL+ ( CERN+CDEF+IPNP+L I VP )

+DA VI S qKRGPAC qDERR ICKq F IELD Sq+ ( NWE S+ ANL)
+G. DAHLIA J. KIRZt D. H MIl LER (LRL)

+RI VET g SI AUD sCONFORTG+ (CD EF+ I PNP+C ERN)
BARB ARG GALT I ERI y NAT I SONy RI TTENB ERG+ ( LRL )
+LEACGCK p RHODE g KGPELMAN gL I BBY+ (

IOWA+COLO�

)
BARL GUTAUD+ {SAC L+AMST+BG NA+ R EHO+ EPOL)

+CHUNG EI SNE R BA S SANO GCLDBERG+ ( BNL+S YRA )J.H ~ CAMPBELL yLICHTMANg LGEFFLFR q+ ( P UFDUE)
+KARSHGNyKWAN WU LAIs+ ( BNL+NYU )

+LEACQCKg RHODE, KQPE( MAN, LIBBY, + ( ISU+CGLO)
KRUS Eg LOGS g GGl. DW ASSER ( ILL INGI S }
+MiE SHKGV ( REHQ~NBS )
D. H. MILLER S ~ L ~ KRAMER D ~ D ~ CARMONY +( P URDUE )
YEN AMMANN CARMCNY ELSNER + (PURDUE)
SCHRQEDE Re KE RNAN tF I SHE R . LI BBYt + (

IS

U+C�CLO�)
R ?S HBC

77 I:ISPK
73 CNTR

9SO 970 990 1010
REIIL PART OF S& POLE POSITION {IAEU)

CHISQ
0.9
2.3
2. 2
5. 4

(CONLEU
=0 .067)

3 NEGATIVE IMAG PART OF THE 5& POLF POSITION (MEV)
CGRRE SPQNDS TO HALF-WIDTH, NOT FULL WIDTH.

ABCL INS
A!"MA R

CGQP ER
Y IGU

70 PRL 25 469
70 PR D 2 430
70 NP B 23 605
70 THES ISe A 646

+GRA VENgMCCARTHY g G. SNI THOL ~ SMITH+ {I RL+UCD)
+KRGPAC ADA VI Sg DERR ICKe+( KANS+N WES+ANL+WI SC)
+HANNER~ MU SG RAVE ~ PCLLA RDe VOYVO DI C ( ANL )

TCHI U-PUNG YI OU {QRSAY)

ANDERSCN 71 PRL 26 108
BARDADIN 71 PR 04 2711

+DI XI T e+ (CHIC+ANL+CARL+LASL+CNRC+NAGCYA )
BARDADIN-QTWINOWSKA HOFMOKL MICHE JDA+(WARS)

8 INN IE
CHES HIRE
DE FG I X

DUBGC
HOLLGWAY

72 Pi 39 8 275 +CAiMI LLE RI eDUANF fGARBUTT i BURTON+ ( LQIC+SHMP )
72 P RL 28 520 +HCFFMANp GARFINKELy+ ( I GWA+ANL+ P URD )
72 NP 8 44 125 +NASCIMENTQg BI ZZARR1 p+ (CDEF+CERN)
72 NP 8 46 423 +GOL DB ERG MAKOWSKI DONALD + {LPNP+ LI VP)
72 PHIL. CCNF. PROC. 133+HULD, KGETZ, KRUSE, BERNSTEIN, + ( ILL+ ILLC )

W R

W

W A

W R
W R
W A

W

C
W

AVG
W STUDE

(27. )
24 ~

(5 }
( 16*)
(15~ )
(19.)

15 ~ 0
50 '

~ e ~

17.5
NT 17 4

(8 ~ 1

7 ~

(5e)
(5 ~ )
(3e )

4 ~ 0
40e

3 ' 9
3 ' 9

PROTQPQPE 73
8 I NNI E 73
EST ABRGOK 73
GRAYER 73
HYAMS 73
FUJI I 75
LE E PER 77
AGUILAR 78

HBC
CNTR
ASPK
ASPK
ASPK
RVUE
ASPK
HBC

7 ~ P I+ P
P I- P gS& N

17 PI —PvPI+PI-N
17 PI —Pg PI+PI-N
17 PI —Py N PI+PI—
17 P I-P g P I+P I-N
2-2.4 PI-P
~ 7 PBAR Py KS KS

12/77
12/77
12/75
12/77
12/77
12/75
12/77
12/77

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1 )
AVERAGE USING STUDENT10{H/1 11) —— SEE MAIN TEXT

ATHERTCN 73 PL 43 8 249 +FRANEK FRENCH GHI DINI HILP ERT + (CERN)
ACR SEF NOTES UNDER REAL PART

8 I NiNIE 74 P RL 32 392
KA LB FLE I 74 NP 869 279
MORGAN 74 PL 5) 8 71

+CAMILLERI pCARRp DEBENHAMg+ ( LGI C+ SHMP)
KALB FL 8 I SCHWA VAND ERBURG g + ( BNL+RUTG+. IND )
0 MORGAN ( RFiEL )

3 5& ( 980) PARTI AL DECAY NODES

BUTT RAM

MCRGAN
WE LL5

75 PRL 35 '370 +CRA WLEY y DUKE p LA NBg LEEP ERi PET ERSON ( I SU)
75 ARGGNNE CONF. 45 D. MORGAN ( RHEL)
75 NP 8 101 333 +RADOJ

ICICLE

RGSCOEp LYONS (QXF)

Pl
P2

S&(980) INTO K KBAR
S&(980) INTO PI PI

DECAY MASSES
49 7+ 497
139+ 139

GAY
FLAT TE

76 PL 63 B 2Z0
76 PL 63 8 ZZ4

+CHALOUPKAg 8 LCKZ I Jl p HE I NEN+(CF RN+AMST+NI JM) J P
5 ~ M ~ FLATTE {CERN )

GRASSLER 77 NP 8 121 189
IRVING 77 Pl 70 8 Z17
MAY 77 PR D 16 1983
MINNAERT 77 PREPRINT

CCNF CRTQ 78 LNC Z3 419
CORDEN 78 NP 8 144 253
MART IN 78 ANP 114 1

+ ( AACH+B ER L+BONN+CERN+CR AC+HE I D+ WAR S )
A ~ C ~ I RV I NG ( L IV E RPCGL )
+ABR AM SQN g ANDREW S g BU SNE Ll Gg+ ( RQCH+ CERN)
MI NNAE RT ( BORDEAUX) J

8+G CQNFORTGg KEY+( RHEL+TNTO+CHIC+FNAL+ WI SC )
+CQR BETT e ALEXANDER'+ ( BI RN+RHEL+1 ELA+L GWC )
A. D ~ MARTIN gM R.PENNINGTCN ( CERN)

WA NG

BI GI
BI NGHAM

ERW IN

6 1 JETP 13 323

6Z C ER N CCNF 247
62 CERN CONF 240
62 PRL 9 34

REFERENCES FOR 5+

WANG TSU-TSENG&VEKSLERv VRANAe+ (J IiNR )

A BI GIg S BRANDT& R CARRARA + (CERN)
H H BINGHANgM BLOCH + ( E POL+C ERN )
ERW INe HQYER g MARCH e WALKERS WANGl ER ( Wl SC+ BNL)

ESTABRGO 79 PR D 19 2678
GURTU 79 NP 8 151 181
'{ART IN 79 NP 8 158 520

P. E S TA BROOKS (CARL )
+GAV ILLETy BLOKZI JLq+ (CERN+ZEEM+NI JM+GXF)
+OZMUTLU ( DURH)

BALT AY
BA RMI N

64 DUBNA CONF 1 409
64 DU BNA CONF 1 433

CRENNELL 66 PRL 16 1025
HE SS 66 PRL 17 1109

BALTAYgLACHpCRENNELLeORENgSTUMP +(YALE+BNL)
BARMINg DOLGOLENKGp Y EROF EEVER KRE STNI+ ( I TEP )

CR ENNEL L p KALBFLE I SC H s LA I g SCARR y SCHU+ ( BNL )
+DAHL+HARDY+ K I RZ+MIL LE R {LRL )

4 4 4 i' '4 4 '4 4 i!i 4 4 4 4 i!i ii: 44 4 4 '4 4 i!i'4i 4 4 4 '4 i!iNi el' 4 4 i!i i!i 'i!i
BARLOW
BEUSCH
DA HL

67 NC 50A 701
67 PL 25 8 357
67 P R 163 1377

+L IL L ESTCL+NQNTANET+ ( CERN+CD EF+ I'RAD+l I VP )
+F I SCHER gGGBBI g A STBURY+ ( ET H+C ERN )
+HAR DY+HE5S+K IRZ+NI LLE R ( LRL)

AL ITT I 68 PRL 21 1 705 +BAR NE 5 C RENNE LL F LA MI NI G GOLD BERG + ( BNL )
LA I 68 PHILADeCGNF eP ~ 303 KWAN WU LA I ( BNL)
PHEL AN 68 THE S I S JAMES J PHELAN ( ANL+5 T ~ LOUIS UNIV )

Al SO 68 PRL 21 316 HGANG EARTLY PHE LAN ROBERTS+(ANL+CHI C+NDAM)
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Particle Data Group: Review of particle properties S125

Data Card Listings
For notation, see key at front of Listings.

Meso ns
S (980), H(990), 4 (1020)

AGUILAR- 69 PL 29 8 241
ALSO 67 BARLQW
At. SO 69 NP 8 14 195

HQANG 69 NC 61 A 325
HOANG 69 P R 1 84 1363

BAD I ER 70
BATON 70
BEUSCH 70
HYAMS 70

ALSO 70
OH 70

NP 8 22 512
PL 33 8 528
PHILA CONF' P+185
PHI LA CONF ~ P ~ 41
NP 8 22 189
PR D 1 2494

ALSTGN-G 71 PL 36 B 152

BAS DEVA N 72
DANE RI 72
DUBOC 72
FLATTE 72
GRAYER 72
WILL I AM S 72

Pl 41 B 178
NC9 A 1
NP 8 46 429
PL 38 8 232
PHI L ~ CCNF PROC
PR 0 6 3178

M ~ AGUI LAR-BENITEZr J ~ BARLQWr+

M~ AG UI LAR-BENI TE Zr J ~ 8ARLQW r +
T ~ F ~ HGANG
+EARTLYr PHELANr ROBERTS r +

(CERN+CDEF)

( C ERN+C DEF )
{ANL)

(ANL+ILLC )

+BONNET CREVILLQN BAUBI LLI ER + ( E PQL+I PiNP )
+LAURENSr REIGNIER ( SACLAY )
W ~ BEUSCH {ETH+ C ERN )
+KGCHr BEUSCH + (C ERN+MP IN+ET H+LQI C+HA'WA )
HYAMS r KOCH ~ PQTTERr VGN LINDERNr+ (CERN+MPIM)
+GARF INKEL r MORSE r WALKER r PRENTI CE( W I SC+TNTO)

ALSTQN-GARNJOSTr BARBARG-GALTIERIr+ (LBL)

BASDEVANTrFRGGGATTr PETE RSEN ( C ERN)
+BQRZATTAr GGUSSUr+ ( GE NO+MILA+ SACL )
+GOLDBERGr MAKQWSKI r DONALDr+ (LPNP+L IVP )
+ALSTGN-GARNJGST r BARBARQ-GALTIERI r+ (LBL)

5 +HYAMSr JGNESr SCHLEINr BLUMr DIETL+(CERN+MPI M)
P ~ K ~ Wj LLI AMS (FSU)

N

M

M

M

M

M

M

N

M

M

M

M

M

1019 4
454 1 019 7

AR1300(1019.7)
AR 905(1020 4)
A 383{1 CZO 0)
AR2 504( 1 020. 0)
AR 721 {1022~ 0)

800 1018 9
1019~ 48

256 1019 83
337 1019.4

21175 1019 81
~ ~ 4 ~ ~

AVG 1019 631
STUDEiNT10 19.643

12/77
7/77

12/77
12/77
12/77
12/77
12/77
12/77
12/78¹
12/78¹
4/78¹

12/79¹

BUKI N 75
KALBFLEI S 76
AKERLGF 77
BALDI 77
BALDI 77
BA LD I 77
BALDI 77
COHE N 77
SI DGRQ V 77
SI DGROV 77
COOPER 78
RODS 79

ELEC
HBC
SPE(;
CNTR
CNTR
CNTR
CNTR
AS PK
ELEC
EMUL
HBC
RVUE

E+E- CGL L 8 EANS
2~18 K—PrK KBAR
400 P+A, K+K-
10 K-Pr K-PHI P
10 PI-Pr P I —PHI P
1 0 K+ Pr K+PHI P
10 P Pr P PHI P
6 P I- PNr K+K- PN
E+E- COLL BEAMS
E+ E- rK+ K-
' 7- 8 PB PrKS KO

0~3
0i5

(0 ~ 2)
(0 ~ 3)
(1 ~ 0)
(0.2)
(1 ~ 0)
0 ~ 6
0 ~ 13
0.19
Oo 5
0~15

~ ~ ~ ~

0 094 AVERAGE {ERROR INCL
0 091 AVERAGE USING STUDE
( SE E IDEOGRAM BELOW )

UDE S SCAI E FACTOR GF 1 3)
NT10(H/ jojj) -- SEE MAIN TEXT

M A SYSTEMAT IC ERRORS NOT EVALUATED ~

M D MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(N) SEE K¹ TYPED NOTE
M R INCLUDED I N RQOS 79 RVUE
M 5 INSIGNIFICANT DATA WITH SMALL STATISTICS NO LONGER AVERAGED

BI NNIE
DI AMGND
ESTABRQG
FUJI I
GRAYER
HYANS
GCHS
PRCTQPGP

73 PRL 31 1534
73 PR D 7 1977
73 TALLAHASSEE
73' NC 13 A 311
73 TALLAHASSEE
73 NP 8 64 134
73 THESIS
73 PR D 7 1280

+CARRr CEBENHAMr DUANEr GARBUTTr+ (LGIC+SHMP )
+8INKLE Yr+ ( WI SC+DUKE+COLO+TNTO+GHIO)
ESTABROQKSr MARTI Nr GRAYERr HYANS+ (CERN+NPI N)
Y. FUJI I r N~ KATG (TOKYO)
+HYAMS ~ JONESr BLUMr DIETL rKOCH+ (CERN+NPIM)
+ JONES r WE I LHAMNERr BLUMr DI ETLr + {CERN+MPIM )
W ~ OCHS (MPIM)
PRGTOPGPESCUr GARNJQSTr GALT IERI rFI ATTE+( LBL)

GRAYER 74 NP 8 75 189
GRAYER 74 NP 8 76 375
MORGAN 74 PL 518 71

+HYAMS r JCNE Sr BLUMr DI ETL r KOCH+
+HYAMSr JONES rBLUMr DIET L
D ~ MORGAN

{C ER N+MF I M)
( C ERN+MPI M )

( RHEL )

BRANDEB 76 NP 8 104 413
BUTTRAM 76 PR 0 13 1153
CERRADA 76 PL 62 B 353
FI ATTE 76 PL 63 8 ZZB
WILKINS 76 PR 0 13 1831

FRGGATT 77 NP B 129 89
LEEPER 77 PR 0 16 2054
MARTIN 77 NP 8 121 514
PAWL ICK I 77 PR D 15 3196

+CARNEGIEr CASHNOREr DA VIER rLASINSKI r+ ( SLAG)
+CRA WLEY r DUKE r LA MBr LE E P ERr PETERSON ( ISU )
+GONZALEZ-ARROYOr RUBIQ r YNDURAI N (CERN+ MADR)
S ~ M ~ FLATTE {CERN)
+ALBRI GHTr S+V HAGQPI ANr LANNUTT I (FSU)

+PETERSEN (GLASGOW+COPENHAGEN )
+BUTTRAMrCRA WLE Yr DUKE r LAMB r PETERSON ( ISU)
+QZMUTLUr SQU IRES ( 0 URHAM )
+AYRESrCOHENrDIEBOLDrKRANERrWICKLUND (ANL) I J

AGUILAR
BALAND
CASGN
COHEN

78 NP 8 140 73 +CERRADA ~ + ( MAORI 0+BOMBAY+CERN+PARIS )
78 NP 8 140 220 +GRARD r JQHNSONr+ (MONS+ BELG+CERN+LOI C+LALO)
78 PRL 41 271 +BAUMBAUGHr BISHOP r BI SWA Sr KENNE Yr+ ( NDAM+ANL)
78 ANL-HEP-PR-78-22 +AYRE Sr DI EBOLDr KRAMERr PAWL ICKI+ (ANL)jr JP

FUJ I I 75 NP B85 179 YrFUJIIrN FUKUGITA (TQKY )
MORGAN 75 ARGQNNE CONF 45 D ~ MORGAN ( RHEL)
PA WL I CKI 75 PR 012 631 +AYRES r DI EBOLDr GREENEr KRAME Rr W ICKLUND ( ANL)

ROOS 79
COOPER 7B
SIDOROV 77
SIDOROV 77
COHEN 77
KRLBFLEIS 76
BUKIN 75
BIZZARRI 74
BIZZRRRI 74

. BESCH 74
BINNIE 73
BALLAf1 73
CCILLEY 72
BALAKEN 72
AGUILAR 72
RGUILAR 72
DIBIANCR 71

. HYAf1S 70
f1OSTEK 6Ei

RVUE
HBC
E f1UL
ELEC
ASPK
HBC
ELEC
DBC
DBC
CNTR
CNTR
HBC
HSC
OSPK
HBC
HBC
DBC
OSPK
OSPK

LJEIGHTED AVERAGE = 1019 .631 + 0.094
ERROR SCALED BY 1.3

CHISQ

0.2
1.1 .

1 ~ 4
1.5
0.0
0.6
2.2
1.4
0.1
0.1
2.H

2 ~ 4
2.1
0.3
0.0
0 ~ 1

10.6

ACHA SQV 79
AP EL 79
BECKER 79
ESTABROG 79
GREENHUT; 79
LOVE RRE 79
HART IN 79
FCLYCHRO 79

PL B 88 367
NP 8 160 4Z
NP 8 151 46
PR 0 19 2678
PR D 20 2326

CERN/ EP 79-le2
NP 8 158 520
PR D 19 1317

+DE VYANI N ~ SHESTAKOV (NOVO )
+A US LA NDE R r MUL LE R r REH A K+ ( KARL+PISA)
+BLANARr BLUMr CERRAOA+ ( MP IM+CERN+ZEEM+CRAC)
P~ESTABROQKS (C ARL )
+INTENANN ( SETO)
+ARMENTERQ5 r D IGNIS I+ {CERN+CDEF+MADR+STOH) I r J P
+OZNUTLU (DURH) Ir JP
POLY CHR DNA KO Sr CA SON r B I S HOP+ {NDAM+ANL )

1020 1022
PHI f1RSS ( f1EV )

1024 1026 28.3
{CONLEV
=0.042)

H(990) 35 H(990r JPG=A -) I =0

4 PHI WIDTH (MEV)

WE ONLY AVERAGE MASS AND WI DTH VALUES WHEN THE
SYSTEMATIC ERGRRS HAVE BEEN EVALUATED ~

THE EV IDENCE QF BENSON 66 HAS OISAPP EARED AFTER
RE-ANAL Y SI S ( CHAUDHARY 70) NG SI GNI F I CANT

GT HER EV IDENCE HAS BEEN PUBL ISHED ~

OMITTED FROM TABLE ~

BART 5 CH

GG LDHAB E
BENSON
CGHN
RQSENFEL
ARNENIS E
BA RBARQ-
FUNG
GOLD HAB E
CHAUDHAR
GORDON
MICHAEL

64 PL ll 167
65 CORAL GABL ES P ~ 76
66 PRL 17 I.Z34
67 NP Bl 57
67 RNP 39 1 r AP PENDI X
68 P L 268 336
68 PHI LAD ~ CCNF ~ P 137
68 PRL 21 47
69 LUND CCNF. P 27 1
70 PR 0 2 Z110
70 COO 1 195 179
72 PRL 28 1475

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

$(1020) PH I ( 1020 rJ PG=l —) I =0

REFERENCES FOR H

AACHEN-ZEUTHEN-8 I RM-BONN-HANB-MUNCHEN COLL
G GOL DHAB ER (LRL)
+NARQUI T r ROE r S I NCLAI Rr VANDE R V EL DE ( N ICH) I J P
+NC CULLQCHr BUGGr CONDO (ORNL+UNI V ~ TENN)

ROS ENF E LD, BARBA RO-G ALT I ERI + (L RL+C ERN+YAL E )
+GHIDI N I rF GRIND+ (BAR I+BGNA+F I RZ+GRSAY)
A ~ BA RB ARG-GAL T I ER I r I ~ SO DING ( LRL)
+ JACKSON+PU+BROWN+GI DAL (U ~ C ~ RI VERS+LRL)
G~GQLDHABER QUOTED BY 8 ~ MAGLIC ( LRL)
8 CHAUDHARYr E MARQUIT {MINNESOTA )
THE S I S r I LI I iNOI 5 ( ILL)
W. MICHAELr G GIDAL ( LBL)

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

S ZO
S 41
S 46

165
150

136
D 87
D 70

1,10
D 120
D 100
0 131
0 454
D 100

AD 500
D 984

S 54
S 71

AD 170
A 1300

337

AVG
STUDENT

(3 5)
(6 0)
{1 8)
(4. 5)
4 ~ 2
4.09
3.3
4.67
5.5

(4. 5)
4. 6

7
5 0
3 ~ 8
3 ~ 8
4-5

(4.5)
4.4

(6 ~ 8)
1)

3-81
(4. 2)

4 ~ 5
3.6

~ ~ ~ 0 ~

4.10
F 10

(1 0)
(4 ' 0)
(3~0)
(3.0)
0.9
0 ~ 29
1 ~ 5
2 ' 02
2 ~ 6

(3 ~ 0)
1.7
1 ~ 9
1 ~ 8
0 ~ 7
je5
1 ~ 1{0.8)
0 6

(3 ~ 1)
(3 ~ 8)

0 37
(1 ~ 3)

Oo 42
0 ~ 7
~ ~ ~

0 17
0 ~ 18

( l. 5)
(2.0)

{4.0)

(2 5)
(3 ~ 6)

MILLER 0
LOND CN
ABRAMS
MOST EK
AUGUSTIN
BI ZGT
HYAMS
BALAKIN
DI BIANCA
STQTTLENY
AGUILAR
AGU I LAR
CGLLEY
BQRENSTEI
BALLAM
BINNIE
AYRES
BE SCH
Bj ZZARR I
BI ZZARRI
COSME 2
DE GRGGT
AKERLGF
COOPER

65 HBC
ee HBC
67 HBC
e8 QSFK
69 QS PK
70 OSPK
70 GS PK
71 OS PK
71 DBC
71 HBC
72 HBC
72 HBC
72 HBC
72 HBC
73 HBC
73 CN TR
74 AS PK
74 CN TR
74 DBC
74 DBC
74 OS PK
74 HBC
77 SP EC
78 HBC

0~ 0 PBAR P
2 2 K-P

4 2 K- P
1 8 GAMMA + C
E+ E- COLL BEAMS
E+ E- COLL BEAMS
11 PI- P

E+ E- CQL L ~ B EAM
4 93 K- N

2.9 K-Pr Y K KBAR
3 ~ 9r4 ~ 6 K- P
3~9 ~ 4 6 K- P
10K+ P, K+ P PHI
2+ 18 K-Pr K KBAR
2 8 — 9 ~ 3 G P
P I-Pr PHI N

3-6PI /K-P, K+K-
2 GAMMA P, PK+K-
0 P BAR Nr K+K- PI
0 PEAR Nr KLKS P I
E+E- COLL BEAMS
4 ~ 2 K-P r L K+K-
400 P+Ar K+K-

7- ~ 8 PB PrKS KO

~ 12/75
12/75
12/75
6/6 8

~ 12/72
12/72
6/70

12/75
12/75
11/71
12/75
12/75
12/75

7/77
12/75
4/78¹

12/75
12/75
12/75
12/75
2/74

12/75
12/77

4/7 8¹

AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1 0)
AVERAGE USING STUDENT 10(H/l. 11) —— SEE MAIN TEXT

PHI MASS {MEV )

WE Gr L Y AVERAGE MASS AND WIDTH VALUES WHEN THE
SYSTEMAT IC ERRORS HAV F BEEN EVALUATED~

W A SYSTEMATIC ERRORS NGT EVALUATED~
W S INSIGNIFICANT DATA WITH SMALL STATISTICS NQ LCNGER AVERAGED
W D W IDTH ERRORS ENLARGED BY US TQ 4¹WIDTH/SQRT(N) r SEE K¹ TYPED KOTE

4 PHI PARTIAL DECAY MODES

M S
M S
M S
N S
M S
M S

A

M

M

M

N

M A

M

M

M A

18(1019.0)
20(1318 6)
41 ( 1 020. 0)
46 {1021 5)
15( 1 019. )
32(1021 ' 0)

165 1022 '
l36 1018

R 107 (1 021 0)
D 70 1019.9

4 10 (1019 9)
D 120 1019' 6
D 100 1019~ 9

87 1020 ~ 8
131 1 020 4
100 1020 3

1019 4
R 500 ( 1019~ 5)

984 1 019~ 4
54 1018 7
71 1018 6

R 170( 1020. 3)

(2.0
(0.5
(Z ~ 0
(0.8
(3
(4 ~ 0
1~5
0.5

{1~ 5
0~7

{0~ 3
0~5
Oo 5
0 ~ 8
0.5
0 ' 4
Oe7

(0 6
0o8
0 8

7
(0.4

63
65
66
67
67
67
68
70
71
71

Y 71
72
72
72
72
73
73
74
74
74
74
74

SCHLE IN
MILLER D

LG ND QN
ABRAMS
BA R LCW
DA HL
NOSTEK
HYANS
AI V ENSLE
DIBIANCA
STOTTLEN
AGUI LAR
AG UI LAR
BALAKIN
CQLLEY
BALLAM
BINNIE
AYRE S
BESCH
BI 2 ZARRI
8 IZZARR I
DE G ROOT

HBC
HBC
HBC
HBC
HBC
HBC
GS PK
OS PK
OSPK
DBC
HBC
HBC
HBC
OS PK
H BC
HBC
CNTR
ASPK
CN TR
DBC
DBC
HBC

2. 0 K— P ~ 12/75
0 ' 0 PBAR P 12/75
2 2 K- P 12/75

4 ~ 2 K— P 12/75
1 ~ 2 PBAR P 12/75
1-4 P I — P 12/75

1 8 GAMMA + C 6/68
11 PI- P 12/77
GAMMA+C 12/77
4 ~ 93 K- N 12/75
2 ~ 9 K-P r Y K KBAR 11/71
3 ~ 9r 4 6 K- P 12/75
3 ~ 9r 4+6 K- P 1Z/75
E+ E— COLL BEAMS 12/7Z
10 K+ Pr K+ P PHI 12/72
2 ~ 8 — 9 3 G P 1/74
P I-Pr PHI N 4/78¹
3 —6PI /K-P'r K+K- 12/77
2 GAMMA Pr PK+K- 12/75
0 PBAR Nr K+K- PI+12/75
0 PBAR NrKLKS PI 12/75
4 ~ 2 K —P r L K+K- 12/77

Pl
PZ
P3
P4
P5
P6
P7
P8
P9
P10
Pll
P12
P13
P14
P15

PHI I NTQ K+ K-
PHI INTO KL KS
PHI I NTO PI+ P I — PI 0 ( INCLUDING RHG PI )
PHI INTO ETA GAMMA
PHI I NTQ E+ E-
PHI I N TQ NU+ MU-
P HI INTO P I 0 GAMMA

.PHI I NTO PI+ PI — I VIOLATES G)
P HI INTO P I+P I-GAMMA
PHI I NTQ OMEGA GAMMA (V IQLATES C)
PHI INTO ETA PIO (VIOLATES C)
PHI INTO RHO GAMMA (VIOLATES C)
PHI I NTO ETA NEUTRALS
PHI INTO 5P I
PHI INTO PI+ PI- PI+ PI- (V IGLATES G)

DECAY MA SSE S
49 3+ 493
497+ 497
139+ 139+ 1 34 .

548+ 0
5+ 5

10 5+ 105
134+ 0
139+ 139
139+ 139+ 0
782+ 0
548+ 134
776+ 0

139+ 139+ 139+ 139+
139+ 139+ 139+ 139
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Particle Data Group: Review of particle properties

Me sons
y(ioao)

Data Card Listings
For notation, see key at front of Listings.

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where
'on oeffi-6P. = y '6P. 6P,) while the off-diagonal elements are the normalized correlation coef i-

cients q P..6P, / /{6P. ~ 6P.}. For the definitions of the individual P. , see the listings
above only those P, appearing in the matrix are assumed in the fit to be nonzero and

are thus constrained to add to i.
P 3P 2 P 4P

P 1 .4861+-.Olle
P 2 —«8014 ~ 35 17+- ~ 01Z3
P 3 —~ 2139 —«3858 1+69+- «0072
P 4 —«1003 —~ C848 - ~ 0018 ~ 0153+-«0022

PHI I NTQ ( E+ E-)
{SEE ALSO R9)

5 (6 ~ 6) {
27 (7 2) (

9 (6 1) (
2«81
3.50
3 ~ 3
3 ~ 10

~ ~ » ~ » ~

3 ' 13
DENT 3 ~ 13

68 OS PK
68 QSPK
68 CNTR
71 OS PK
71 OS PK
74 OSPK
76 OS PK

(2 ~ 8) slee
6/68
9/6 8

11/71
11/71

2/74
7/77

R16 /TOTAL ( UNITS 10''-4) (P5)

ASTVACATU 4 P I- PR16 A

3 ~ 9) BI NNI E 1 «6 Pj- PR16
2 ~ 6) BOLL INI 1«9 PI — PRlb
0»25 BA LAKIN E+ E- COLL ~ BEAM SR16
0 ~ 27 CHATEt. US E+ E- COLL 8 EAM 5Rle

~ COSME 1 E+ E- COLL BEAMSRle 0 ~ 3
PARRQUR1 E+ E- CO{ L ~ BEAMSR16 E 0 ~ 14

0 ~ 12 AVERAGE (FRRGR INCLUDES SCALE FACTOR OF 1 ~ 1)R16 A VG

R16 STU 0«12 AVERA GE U SI NG STUDE NT10{H/1. ). 1) —S E E MAIN TEXT

R16 A ERROR OF A TVSTVACATURQV 68 DOES NOT INCLUDE S IGHA(PHI) UNCERTAINTY
Rle E UsING TQTAL wj DTH 4. 2 MEv. THEY DETEcT 3 pI MQDE AND QBs ERVE
R16 E SI G NI F IC ANT INT ERFER ENCE W IT H OMEGA T AIL ~ T HIS IS ACCOUNTED FOR
R) 6 E . IN THE RESULT QUOTED ABOVE

R17
R17
R17

PHI INTO ( PI 0 GAMMA) /(TOTAL)
7 (0 0025) ( 0 0012)

32 0 0014 0«0005

(P7)
BENAKSAS 72 OSPK E+E- COLL BEAMS 2/73
CQSME 76 QS PK 'E+ E- COL t «BEAMS 12/77

Rl PHI
Rl 8 27
Rl 252
Rl
Rl
R 1 270
Rl 321
Rl
Rl AVG
Rl STUDENT
Rl FIT

INTO {K+ K-)
(0«26 ) (

0» 48
0.540
0.486
0 49
0, 45

~ ~ « ~ ~ ~

0 497
0 ' 496
0 ~ 494

PHI BRANCHING RATIOS

PI+ PI- PI0)
BA DIER 65
LI NDS EY 66
BA LAKI N 71
CHAT ELUS 71
DE GRCOT 74
KALBFLEI S 76

/{K KBAR +
0 ' 06)
0 04
0 ~ 034
0 ~ 044
0 ~ 06
0 ' 05
» ~ ~

0 ~ 019
0 ~ 022
0, 012

( Pl ) I ( Pl+P2+ P3)
1 0/66
10/66
11/71
11/71
12/75

7/77

HBC
HBC
OS PK
QS PK
HBC
HBC

2«7 K—P
E+ E- COL L ~ 8 EAM

E+ E- COLL BEAMS
4 «2 K-Py L PHI
2 ~ 18 K-P

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1,0 }
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

F RQM F IT ( ERROR I NCLUDES SCAL E FACTOR OF 1 «3 )

R2 PHI
R2 8 25
R2 167
R2
RZ 133
R2 A 270
R2 A SUPE
R2
R2 AVG
R2 STUDENT
R2 F IT

INTO {KL KS)/(K KBAR + PI+ PI- PIO) ( P 2) /l P 1+P 2+P3)
(0 ~ 23) (0 ~ 06) BADI ER 65 HBC

0 ' 40 0,04 L I ND5 EY 66 HB C

0. 257 0 ' 038 BALAKI N 71 QS PK

0.27 0.03 KALBFLEIS 76 HBC
(0 ' 37} (0 ' 05) DE GRQOT 74 HBC

RSEDED BY LOSTY 77 UNDER R19

0, 300 0 042 AVERAGE ( ERROR INCLUDES SCAL E FACTOR QF 2«1 }
0, 290 0.026 AVERAGE USI NG STUDE NTl 0(H/1 « 1 1 ) -- SEE MAIN TEXT

0 0 12 FROM F IT {ERROR INCL 'JDES SCALE FACTOR QF 1 ~ 5)

10/66
2 7 K-P 10/66

E+ E- COLL B EAM S ~ 1/73
2 ~ 1 8 K-P 7/77
4.2 K-P y L PHI 12/77

R5 PHI
R5 10
R5 52
R5
R5
R5 AVG
R5 STUDENT
R5 F IT

I NTO (KL KS)
0, 40
0 48
0 ~ 44

~ ~ ~ ~ ~ ~

0 ~ 448
0,448
0 420

/(K KBAR)
0 ~ 10
0 ~ 07
0 ~ 07

SCHLE I N

BADI ER
LONDON

63 HBC
65 HBC
66 H BC

(P2) / {Pl+P 2}
2 0 K-P
3 ~ 0 K-P
2 2 K-P

10/66
11/67

F 10/66

0 ' 044
0 ' 048
0 014

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 «0')
AVERAGE USING STUDENT10(H/1»11) -- SFE HAIN TEXT

FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

Rb
Rb
Rb
Rb
R6
R6
R6

PHI INTO {P I+ P I- P IO ( INCl «RHQ P I ) ) l(K KBAR) ( P3) /(Pl+P2)
10/660 ~ 15 LQNDCN 66 HBC 2 ~ 2 K-P

0«237 0 ~ 039 CERRADA 77 HBC 4 ~ 2. K-Pt LAN 3PI 12/77

AVG
STUDENT
FIT

0 ~ 241
0.241
0 ~ 1'7 5

0 038
0 «041
0.0 10

AVERAGE {ERROR I NCLUDES SCAL E FACTOR OF 1 «0 )
AVERAGE USING STUDENT10(H/1, 11) -- SEE HAIN TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

R7
}t7
R7
R7
R7

PHI I NTO (P I+ P I- P IO
(0 31 OR LESS
0 47 0 06

~ ~ ~ ~ ~ ~ ~ ~

0 418 0«030

( INCL ~ RHQ PI) }/(KL KS) (P3) /(P2}
BERLEY 65 HBC 2 ~ '9 P I +P
COSME 1 74 QS PK E+E- COLL ~ BEAMS

FROM FIT {ERROR I NCLUDES SCALE FACTOR OF 1 3 )

10/66
2/74

R3 PHI INTO (P I+ P I- P IO ( INCL, RHQ PI ) }/TOTAL
L BEANS « 7/770 ~ 007 PARRQUR2 76 OS PK E+E- COLL BEANS «

R3 c USING TOTAL W IDTH 4 ~ 1 MEV, THE 3 PI MODE I S MORE THAN 80 PER CENT
R3 F RHQ Pl AT THE 90 PER CENT C ~ L ~

R3 F IT 0 1469 0. 0072 FROM F IT {ERROR INCLUDE S SCALE F ACTOR CF 1 2 )

R18
Rl. 8
R18
R18
R.l 8

P HI I NTQ (
(SEE AI SO

{50~ )
(80 )

(2 ~ 7

P I+ PI —)/ (TOTAL) (UNITS 10s'&-4)
R8)

OR lESS CL~ ~ 95
QR LESS CL= ~ 95
OR LESS CL= «95

8 I ZQT2 70
BA LAK I N 71
ALVENSLE 72

(P8)

0 SPK E+ E- COLL «BEAMS 11/71
QSPK E+ E- CQ LL ~ BEAMS 1/71
0 SPK GAMMA+C 1/72

R19 PHI
R19 144
R19 125
R19
R19
R19
R19
R19 A VG
R19 STUDENT
R19 F IT

I NTQ (KL KS
0 ~ 89
1 ~ 15
0 ~ 71
0.71
0.82

~ ~ ~ « ~ ~

0 ~ 774
0 768
0 ~ 724

)l(K+ K-
0 ~ 10
0 15
0 05
0 ~ 08
0 ~ 08
~ ~ ~

0. 055
0 ~ 042
0 ' 041
( SEE ID

AGU I L AR
COLL EY
LA VEN
LYONS
LOSTY

72 HBC
72 HBC
77 HBC
77 HBC
78 HBC

(PZ) /(Pl )
3 ~ 9g 4.6 K- P 12/72
1, 0»K+ P, K+ P PHI 12/72
1 0 K-Pt K+K-LAMBD 12/77
3-4 K-P t LAMB PHI 12/77
4 2 K-P g PHI HYP 4/78+

}HEI&HTED AVERAGE = 0 .774 * 0 .0SS
ERROR SCI:lLED BY 1 .6

eighted average,
factor are for the
ence only. The
y processed by a
og r am, which

n values of x, hx~
which are differ-

es shown here.

0.4 0.El ~ 2

PHI INTO (KL KS) & (K+ K —)

Y

S

EY
LAR

1.6

7Ei HBC

77 HBC
77 HBC
72 HBC

72 HBC

CHISG
0.3
0.6
1 ~ 6
6 ~ 3
1.3

10.2
( CONLEV
=0.037)

/

AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.e )

AVERAGE USING STUDENT10lH/1 ~ 11) -- SEE MAI N TEXT
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
EOGRAH BELOW )

RB
R8 10/66

R9 PHI INTO (E+ F-) I{K+ K-)
R9 ( s E E At. s Q R le )
R9 40 6 ~ 1 1 ~ 7

l UN I T S 1 Os&-4)

BECK ER 68 CNTR

(P5)/(Pl)
GAHMA C 9/68

P HI I NTO (HU+
3, 5
2 34
2 ~ 17

69

R10
R10
R10
R10
R) 0
Rl 0
R10 A VG

R10 STUDENT
2 ~ 50
2» 50

MU-)/TOTAL
3 ~ 5
1.01
0 ~ 60
0«46

0.34
0 ' 37

(UNITS' 10+s 4)
1.8 WEHMANN

NQY
EARL ES
HAYES

(P6)
12 K- C

PHQTOP RQD ~

6 ~ 0 BREHSSTR ~

P HOT Q PROD

68 OSPK
69 CNTR
70 CNTR
71. CNTR

6/68
11/70
11/70
11/71

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0}
AVERAGE USING STUOENT10(H/1 ~ 11) -- SEE MAIN TEXT

PHI INTO ( PI~ PI-) / {K KBAR) (SEE ALSO R18) (PB) /(Pl+P2}
(0 ' 2) OR LESS LONDON 66 HBC 2 «2

R20 PHI
RZ0 34
R20
R20 F IT

I NTO ( PI+ PI- PI 0( I NCL ~ RHQ PI ) I (K+
0 ' 28 0.09 AGUI LAR

~ ~ ~ ~ ~ ~ ~ ~

0. 302 0 018 FROM F I T l ERROR

K-) ( P3) I {Pl )
72 HBC 3 ~ 9g4 ~ 6 K— P

INCLUDES SCALE FACTOR QF 1 ~ 1)

12/72

PHI I NTO l 2PI+ 2 PI- P IO) /(K+ K-)
(0 ~ 02 ) OR LESS CL=0. 95 AGUI LAR

s'«l'-4) ( P15 )

( P14 )/ (Pl }
72 HBC 3 ~ 9g4 ~ 6 K- P

R21
R21

REFERENCES FOR PHI

~ 12/72

12 /794
R22 PHI INTO ( P I+ Pj- PI+ PI-) /TOTAL (UNITS 10
R22 (8 ~ 7) OR LESS C}=.90 CORDIER 79 WIRE E+ E- y4P I

44wsws Ass 44oa44w4'4 444's4s%4w s'4's'444sws

Rl 1 PHI
Rll 27
Rl lA 25
R11A 54
R 118
Rl 1
R11A FRQ
R118 FRQ
Rl 1
Rl 1 A VG
Rl 1 STUDENT
Rl 1 F IT

(P4)
72 CNTR 1«8 PI- P
72 QS PK E+E- COLL ~ BEAHS
76 QSPK E+E- COLL ~ BEAMS
76 OS PK E+ E- COL L B EAH S
77 CNTR 6 7-10 GAMMA CU

.12/78+
~ 2/73
12/75

7/77
12/77
7/77
7/77

R12
R12
R12
R12

PHI INTO ( P I+ P I- GAMMA ) /TOTAL
(0 ~ 04) OR LESS LINDSEY
(0 ' 007)OR LESS CL= ~ 90 CQSME 1{.06) OR LESS CL= ~ 90 KALBFLEI

65 HBC
74 OS PK
75 HBC

(P9)
2 ~ 7 K-P 2/74

E+E- COLL BEAMS 2/74
2 2 K- P ~ GAMMA + 12/75

R13
R13

R14
R14

PHI INTO ( ETA NEUTRALS)/( K KBAR)
(0 15) QR LESS L INDSEY

PHI INTO (OMEGA GAMMA) / TOTAL
(0~ 05} QR LESS LI NDSEY

ee HBc

66 H BC

(P13 ) /( P 1+P2 )
2 ~ 7 K-P

(P10)
2 7 K-P

10/66

10/66

R15
R15

PHI INTO (RHO GAMMA) / TOTAL
(0 ~ 02) OR LESS LI NDSEY 66 HBC

(P12)
2 7 K-P 10/66

I NTO {E TA GAHMA }/TOTAL
(0.073) (0 ~ 019) BA SILE

0«026 0. 007 BENAKSAS
0 01 5 0 ~ 004 CQ SME

(0.024) OR LESS CL=0 ~ 95 CQSME
0 ~ 0135 0 ~ 0029 ANDREWS

M 2 GAMNA DECAY MODE OF ETA
M P I+P I-PI 0 DEC AY HQDE OF ETA

0 ~ 0152 0 ~ 0026 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 2)
3 ~ 0151 0.0025 AVERAGE USING STUDENT10(H11 ~ 11) -- SEE MAIN TEXT
0.0153 0 ~ 0022 FROM F IT {ERROR INCLUDE S SCALE FACTOR OF 1 0}

68 PR 175 1697
68 PL 27 8 45
67 PRL 19 869
68 PRL 21 1504
68 PL 278 1 06
68 NC 56 A 1171
68 P Rt. 20 1 057
68 P RL 20 748

ABRANS
ASTVACAT

ALSO
BECKER
SINN IE
BOLL INI
MQSTEK
WE HMANN

BERTANZA BRISSQN CGNNOLLY HART + (BNL+SYRA)
GELFAND e3 PRL 11 438
BERTANZA 62 PRL 9 180

GEL F AND HILLER NUSSBAUM»KIRSCH+ (CQLU+RUTG)
GELFAND 63 DATA INCLUDEQ IN MILLER 65 BELOW

SC HLE IN 63 P RL 10 368 SCHLEINs SLATER ~ SMITH pSTQRKp T ICHO

BADI E 6I ER 65 PL 17 337 BADI ER g DEMCULI Ng BARl OUT AUD+

BERLEY 65 PR 139 8 1097 0 BERLEYtN GELFAND ( BNL+CQLUMBI A)
GALTI ERI 65 PRI 14 279 A BARBARO GALT IERIt R D TR IPP (LRL }
LI NOSEY 65 PRL 15 221 JANE S .S LI NOSEY GERALD A SMITH

LINDSEY 65 DATA INCLUDED IN LINDSEY 66 BElOW
MILLER D 65 CU-237 (NE VI S 131) DAVI D C HI LLER (THESI S } (COLUMBIA )

+HAGERTYt BIZZARRI rCIAPETTI + (SYRA+RCMA) J PGGRAY% L 66 PRL 17 501
SMI T H ( LRL)L I NDS EY 66

LINDSEY1 66 PL 20 93
SEY 66 PR 147 913 JAMES S LI NOSEY' GER ALD A

J ~ S~ LI NOSEY t G ~ A ~ SHIT~ H (LRL )

LONDON 66 P R 143 1034.
L INDS EY 1 66 DATA INCLUDED IN L I ND SE Y 66 ABOVE

LOND v yQN RAU SAM IQS GQLDB ERG + ( BNI +SYRACUSE }t

ABRA S 67 HD TECH REP 720 GERAt D ABRAHS THES SI (MARYLAND)

CHASE 67 PRL 18 710
BARLOW 67 NC 5 OA 701701 +LILLESTQL+MQNTANET+ ( CERN+CD EF+ IRAD+L IVP )

R«C ~ y ~CHASE P ~ RQTHWELL yR WEI NSTEIN {CEA+NEAS)
(LRL}DAHL 67 P R lb3 1377 +H AR DY+HES 5+K IRZ+M It. L ER

HERTZBACHy KRAEMERe MADANSKI ~ ZDANIS+l JHU+BNL )

KHACHATU 67 PL 248 349 KHACHATURYAN+AZ I MOV+BA LDI N+BE LOU SQV+ ( DU BNA)

+GLASSERyKEHOE gSECHI-ZORNy WQLS KY {MARYLAND)
ASTVACATUROVe AZIMQVg BAt DIN+ ( J INR+HOSCOW)
AS BURY g BECKER~ BERT RA M g T ING+ {0 ESY+CQLUM BI A }
+BERTRANgB INKLEYg JORDAN yKNASEL+ (DESY+MI T}
+DUA NE+ F ARU Q I+HOR S EY+ {LQI C+RHEL )
+BUHL ER» D ALP IAZ i MA SS AH+ ( C F RN+BGNA+ STRB )
+EISENHANDLERy MCCL Ei LAN gMISTRY+ (CORNELL )
+ENGELS+ (HARVARD4CASE+SLAC+CORNELL+HCG ILL )
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Particle Data Group: Review ot particle properties 8127

Data Card Listings
For notation, see key at front of Listings.

Mesons
M(1033—1Q40), gN(1080), M(1150—1170), Aj

AUGUSTIN 69 PL 28 8 517
HGY 69 THESIS
SCCTTER 69 NC 62 A 1057

+BI ZOT t BUON p DELCOURT y HAISS INSK Ip + (ORSAY )
KEN HI N MOY (NORTHEASTERN UNIVERSITY)
+ERSKI NE PAL ER + (8 IRM+GLAS+LOIC+MP I M+GXF )

AL VENSLE 71
8 ALAK It4 71
CHAT ELUS 71

ALSO 70
DI E I ANCA 71
HA YE S 71
STOT T LEM 71

PRL 27 441
PL 34 8 328

LAL 1247(THES IS )
BI ZGT
NP 8 35 13
PR D 4 899

QRQ 2 504 170

ALV ENSLEBENt BECK ERE BUSZ Ap CHENp + ( MI T+DESY)
+BUDKEREPAKH TUSQVA p SI DOROVp SKRINSKY ~ + (NOVO)
Y CHAT ELUS ( STRASBOURG)

+E EN SCHLAG p ENDOR F p ENGLE R pF I SK p+
+I MLAYp JQS EP Hp KEI Z ERp ST EIN
A R STOTT{ EMYERp THESE S

(CCRN)
(CORN)

(MARY{ AND)

8 I ZGT 70 PL 32 416 +BUQNtCHATEL USE JEANJEAr{pLALANNEy+ (GRSA)
ALSG 69 PERE Z-Y- JORBA, LIVERPOOL SYMF 69

BIZQT2 70 LNC 4 1273 +DELCOURTp JEAN JEANTLALANNEp+ (QRSAY )
EARLES 70 PRL 25 1312 +FAISSLERp GETTNERyLUTZp MGYy TANGp+ (NEAS)
HYAMS 70 NP 8 22 189 +KOCH p POT TERT Vp LI NDE RN t LORENZp LUT J ENS ( C ERN )

MILLER
WHIT EHEA
QH
CLAYTON
DIAZ
REYNOLDS
WHI TEHEA
D IAHGND
GRAYER
FROG ATT

68 PRL
68 NC
69- PRL
70 NP
70 NP
70 NP
72 NP
73 PR
74 NP
77 NP

21 1489
53 A 817

23 331
8 22 85
8 16 239
8 21 77
8 48 365
D 7 1977
8 75 189
8 129 89

REFERENCES FCR ETA N

+GUT AYt JOHNSONt K ENNEY+ ( PURDUE+NDA M+SLAG )
C. WHITEHEAD + (AE RE+S HMP+LCIC )
+WALKERy CARRGLLp FIREBAUGHy+ (WI SC+TNTO)
+MASONp MUI RHEADp RI GOPQULOSp+ (L IVP+ATEN )
+GA VI LLE T t LABROSSE 8 HON TA NET p+ {CERN+C DEF )
+ALBRIGHTy BRADLEYt + (GHIO+FSU+MINN+CGLO)
WHITEHEADpAULDy+ ( AERE+RHEL+SHHP+LGUC)
+BINKL EYt+ ( )pI SC+DUKE+COLG+T NTO+OHI 0)
+HYAMS t JONES y BLU Ht DI ET L t KOCH+ ( C ERN+H P IM )
+PETER SEN GLA sGQ w+copENHA GEr4

68 H( 1150-1170)
AGUE LAR
AL VENSL E
BA LA KI N

BAS IL E
BE NAKSAS
BORE N STE
CC LLEY

72 PR D 6 Z9
72 PRL 28 66
72 PL 40 8 431
72' NP 8 44 605
72 PL 42 8 511
72 PR D 5 1559
72 NP B 50 1

AGUILAR-BENETEZp CHUNGt E I SNERp S AMIQS ( BNL )
AL VE NSL EBEN p BECKER 8 8 I GG SPB I NKLEY+ ( MI T+ DESY)
+BGKINt PAKHTUSOVAt SIDGRQVp+ (NOVGSIBIRSK)
+DAL PI AZ ~ FRABETTI p ZICHI CHI+ (CE RN+BGNA+S TRB )
+CQSME t JEAN-HAR I Ep JU{ L I ANt LAPL ANCHE+ {OR SAY)
BDRENSTEI NTDANBURGt KALBFLEISCH p+ ( BNL+MICH)
+JQBESyR IDDIFORDp GRIFF I THSt+ {BIRH+GLAS)

THI S ENTRY L I STS REF ERENCES TO PEAKS OF LOW
STATISTICAL SIGNIFICANCE IN THE 3 PI SYSTEM
BETWEEN THE Aj AND THE A2t AS WELL AS A CLAIM
FGR A NARROW RESONANCE AT 1150 HEV BY JACGBEL
72 t NQT CONF I RMED BY BU TTRAM 75 ~ OHITT E 0 FROt{
TABLE

BALI AH 73 PR D 7 31.50 +CHADWICKt EI SENBERGt BINGHAH p+ l SLAC+LBL )
BI N.'wI E 73 PR 0 8 2789 +CARRt DEBENHAMt DUANEt GARBUTTt + (LOIC+SHMP )

REFERENCES FOR H(1150-1 170)
AYRFS 74
BE SCH 74
BIZZARR I 74
CG SME 1 74
CCS &E 2 74
DE GROG T 74

iPRL 32 1463
NP 870 257
NC 20A 393
PL 48 8 155
PL 48 8 159
NP 874 77

BUK IN 75 IYAF 75-64
KALBFLEI 75 PR D11 987

CCSME 76 PL 63 8 35Z
KALBFLEI 76 PR D 13 22
PAFRQUR1 76 PL 63 8 357
PA RRQURZ 76 PL 63 8 362

+DI EBGLDpGRE ENE p KRAHER t LEVINE p+ ( ANL)
+HARTHANNy KQSEtKRAUTSCHNEIDERt PAUL p+ (BONN )
+CIAPETTI TDIONI SI pDGRE p GASPERQ+ (RCMA)
+J E AN MARI Et JULL IANt LAP LANCHE r + {OR SAY)
+ JEAN-MARIE p JULLI ANy LAPLANCHE p + ( GRSAY )
+HQGGLANDp JCiNGEJANSt HETZGER+ (AHST+NE JM)

+DERBENEVp KGNDRATENKCPKURDADZE y+ ( NCVO)
KALB FL E I SC Hp STRANDp CHAP HAN ( BNL+HI C H)

+CGURAU, DUDEl ZAK, GRELAUDt JEAN-MARIE+ (ORSAY)
KALBF LE I SCH ~ ST RAND p CHAPMAN ( BNL+M ICH)
+GRELA UO pCGS ME pC DURA Up Q UDEL ZAK p+ ( GRSAY )
+GRELAUDp CCSHEp COURAUp DUDELZAKy+ (GR SAY)

BUTT ERWO 67
CA SON 67
ASCGLI 68
DONA LD 68
VCN KROG 68
JUNKMANN 68
ARMENI SE 69
GA LLOWAY 70
JACOBEL 72
MORS E 72
BUTTRAH 75
CORD EN 78

H EI DELB CCNF ~ P 28
PRL 18 880
PRi 21 113
PL Z6 8 327
PL 278 253
NP 88 471
LNC 2 501
PR D 1 3077
PRL 29 671
NP 8 43 77
PRL 35 970
NP 8 . 136 77

REV I EW TALK GN HE SON S AT HEED ELBERG CCNF
+LAMSA t 8 I SWA S,DE RA DOE GROVES t+ ( NOT REDAHE)
+CRAWL EYyKRUSE tMORTARA p SCHAFERt+ ( ILL INDI S)
+FRQDESENy BETT INI p+ ( LIV ERPQGLy OS{ Op PADUA)
+MI YASHI TA pKOPELHANy MAiRSHALL L I BBY ( CCLQ)
+COCCCN I+ ( A AC H+8 ER L +80 NN+C ER N+ W AR S )
+GHIDINI pFORINOpCARTACCI+ (BARI+BGNA+F IRZ)
+MOTT pALYEAr LEEp HARTINp PRICKETT { IND)
+GARFI NKEL t HOFFMANT+ ( I GW A+PUR 0+ ANL )
+OHp WALKER p JOHNSTGNp YGON ( W ISC+T NTQ)
+CRAWL EYy DUKEt LAHBp LEEP ERp PETERSON ( I SU)
+DOWELL p GARVEY p JGBES p+( BERM+RH EL+T ELA+LCWC ) J P

AK ERLOF
ANDREWS
BALD I
CE RRADA
COHEN
COURANT
EVANGEL
LA VEN
LYCNS
SIDQRCV

77 PRL 39 861
77 PRL 38 198
77 PL 68 8 381
77 NP 8 126 241
77 PRL 38 269
77 PR D 16 1
77 NP 8 127 384
77 NP 8 127 43
77 NP 8 125 207
77 TBI LI SI VGL 2

CORD IER 79 PL 8 81 389
RGQS 79 L VC

BARTALUC 78 NC 44 A 587
COOP ER 78 NP 8 1 46 1
LQSTY 78 NP 8 133 38

+DELC CURT t E SCH STRUTH tFULGA p+
+P EL L INEN

{LALG)
(HELS)

+ALLEY p8INTINGER pD I TZ LE R p+ (FNAL+MICH+ PIJRD)
+FUKUSHIMAy HARVEYp LQBKOWICZ, MAY, + (RGCH]
+BQHRINGER DGRSAZ HUNGERBUHLER + (GENEVA)
+BLQCKZI JL t HEI NEN 8+ (AMST+C ERN+NI JM+GXF )

+AYRE S t DI E8GLDt K RA i IERt PAWL I CK I p W I CKLUND( ANL
+MAKDI SI t thAR SHAK p PETERSON t RUDD I CK 8 + {MINN)
EVANGEl IST Ap + (BAR I+BQNN+CERN+DARE+GLAS+)
+OTTER KLE IN + ( AACH+ BERL+CE RN+LQI C+W I EN )
+CQQPERTCLARK (CXF)

813 V A SI DQRCV (NCVQ )

BART ALUCC I p

BASE�

"4 Ip BERTQLUCC I+ (DESY+F RA S)
+GURTU, HCNTANET, + (TATA+CERN+CDEF+MADR)
+HQLHGRENp BLGKZI JL t+ (CERN+A MST+NI JH+CXF)

Ag(1100—1300} 10 Al(1100-1800 JPG=T+ —) 1=1

The peak in the (3Ti) mass distribution near

the p7r threshold was discovered by BELLINI 63 in

very forward 7t' scattering on carbon without nuclear
break-up, thus coherent diffractive p1T production.

¹¹¹¹¹*

67 H(1033—1040)

THE CLAIM FOR A NARROW RESONANCE AT 1033 MEV
8 Y GARF INKEL 72 HAS NOT BEEN C CNF I RMED BY
BINNIE 74p GRAYER 74p 8UTTRAM 75 OMI TTED
F ROM TAB LE
THE CLAIM FOR AN OMEGA PI RESONANCE AT 1040
ME V BY DEFGIX 73 HAS NGT BEEN CONF IRHED BY
DIAZ 74 ~ OMI TTED FROM TABLE ~

¹¹¹ ¹¹ ¹¹¹¹¹¹4¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR M( 1033-1040)

GARF INKE
DEFQ I X
8 I NNI E
DIAZ
GRAYER
BUTTRArl

72 PRL 29 1477
73 PL 43 8 141
74 PRL 32 392
74 PRL 32 260
74 NP 8 75 189
75 PRL 35 970

GARF INKEL HGFFMAN JACOB EL, + ( PURD+ANL+ IOWA)
+DGBRZYNSKI t ESPIGATt NASCIMENTQp+ (CCEF)
+CAMILLER I 8 CARR 8 DEBENHA M p+ ( LOI C+ SHHP )
+0I BIANCAt F ICKENGERt ANDERSQNy+ l CASE+CARN)
+HYAMS p JGNE Sp BLUM pDI ETL t KOCH+ (CERN+MERI'M )
+CRAWL EYp DUKEy LAiMBy L EEPERp PETERSON l I SU)

30 ETA N MASS (HEV)

1060 A 0
70 1C85 0

1120 0
1112' 0

( 1C80. 0
1070.0

15.0
10 0

100 0
16 ~ 0

)
20 ~ 0

40 ~ 0

MILLER
WHITEHEAD
QH

CLAYTON
DIAZ
REYNOLDS

68 HBC
68 AS PK
69 HBC
70 HBC
70 HBC
70 HBC

4. 0 PI- P
3 ~ 1-3P6 P I-P

7 ~ PI — Pt PI+ 0
2 ~ 5 PBAR P ~ 4 PI

0. PBAR Pp 4 Pl
2 26-2. 36 PI — P

9/6 8
10/67
9/6 9
1/71
5/70
1/71

~ ~ ~ ~ t ~ ~

AVG 1083 ' 3 9.8
STUDENT 1 C83. 0 8.3

A VERAGE (ERROR I NCLUDE S SCALE FACTOR OF 1.4 )
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

r)N(1080) 80 ETA N(1080, JPG=N+I E=O J GREATER THAN 1

SOME EXPERIMENTS SUGGEST J=2 NDT CONFIRMED BY
GRAYER 74t FRQGGATT 77 ~ GMI TTED FROM TAB LE

Until 1977, all the significant observations
of a P 7i peak near 1100 NeV were made in the

+reaction Tl N ~ (Tl tr1T) N. At small momentum transfer,
the diffraction-like mechanism without quantum

number exchange in the t channel contributes to
this reaction. The dominant effect is a broad

P +J = 1 enhancement in the S-wave pTl system, its
width being -300 MeV (ANTIPOVl 73, OTTER 74, KRUSE

74, TABAK 74, THOMPSON 74, ENNS1 7~, BALTAY

PERNEGR 78, ROBERTS 78, DAUN 80) . The position of
the maximum intensity falls in the range 1100 to
1300 MeV and varies with t (DAUM 80) .

Most of these experiments have been partial-
wave analyzed by the method of ASCOLI 70. Assuming

that, for a given momentum transfer t, the 37l

vertex is independent of the NN vertex, the 37i

vertex is composed, in the spirit of the non-

unitary isobar model, of quasi-two-body Tr p and Yacc

W

W

W

W

W

W

W AVG
W STUDENT

(70 0)
(25 0)
150 ~ 0
( 80 0)
(80 ~ 0)

85 0
~ P ~ ~

98.0
S7 ~ 7

30 E TA N WIDTH ( ME V)

QR .LESS
OR LESS

100 0

35 ~ 0

40. 0

0 ~ ~ ~ ~

31 3
34. 5

68 HBC
68 A SPK
69 HBC
70 HBC
70 HBC
70 HBC

HILLER
WH I T EHEA D

OH
CLAYTON
DIAZ
REYNOLDS

4 0 PE- P
3.1-3 6 PI-P

7 ~ PI- Pp PI+ 0
2 5 PBAR Pp4 PI

0. PBAR Pp 4 PI
2 26-2 ~ 36 PI — P

9/68
10/67
9/69
1/71
5/70
1/71

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

amplitudes. The waves contributing to the di ffrac—
+tive 3' final state are (at mos t) the 0 P, 1

+ + +
1 D, 2 P, 3 D, 1 P, and 2 D p7T waves and the 0 S,
-+
1 P, and 2 D E:Ti waves. Here E stands for a pole

P +simulating the non-resonant J = 0 Tt'77 interaction
in the 700 to 900 Nev region [eee the review of

Rev. Mod. Phys. ,
' Vol. 52, No. 2, Part II, April 1980
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Me sons
Ag(1100—1300)

Data Card Listings
For notation, see key at front of Listings.

S-wave ~'tT interactions under e (1300) ] .
The re sul ts of the se ana lyse s have shown that

the phase of the 1 S wave displays little variation
relative to the 0 S (E:7T), 1 P (E7T), and 2 P (p7T)

waves (ANTIPOV1 73, OTTER 74, TABAK 74, THOMPSON 74,
+

BALTAY 77) . As the 2 D wave exhibits a clear
Breit-Wigner-like phase change in t he A2 region

(ASCOLI 70, ANTIPOVl 73, OTTER 74, TABAK 74,
THOMPSON 74, BALTAY 77), the above results have

been interpreted to imply that no resonant A is
needed. Unitarity corrections to the isobar model

did not change this conclusion (ASCOLI 75,
AITCHISON 75) .

More recent. analyses, however, have provided

new evidence for an Al resonance. BOWLER 75
+demonstrated that the small variation in the 1 S

phase could be due to a phase difference between

the Deck amplitude and the direct Al resonance

production ampli tude. Thi s smal 1 phase variation
also could be due to inelasticity, because of the

coupling of p7T to the E:7T and K*K channels, or to
re scattering (BRAYSHAW 76, LONGACRE 76, 77) . SCHULT

77 reanalyzed the ANTIPOV1 73 data using three-pion-
state amplitudes which sat. isfy both unitarity and

analyticity, and found a solution with considerably
more phase variation than originally had been

observed.
BASDEVANT 77 performed an analysis of the p7T

waves exclusively, ignoring the K7T waves as being

meaningless in an isobar analysis since the E: could

not be considered a bona fide particle. Their full
amplitude is properly analytic and unitary, and it
includes: the Deck amplitude (resonant as well as

background elastic p7T ~ p7T scattering), rescattering
corrections, inelasticity due to the K*K channel,
and direct diffractive A production. They take the

+1 S phase from the difference of the known A phase
+ +and the observed 2 D —1 S phase di fference (ANTIPOVl

73) . BASDEVANT 77 show that the ANTIPOV1 73 data
are consistent with a resonance at. M = 1300 + 150 MeV,

I' = 400 + 100 MeV, and that the data are rather
inconsistent with the hypothesis of no resonance.

New light has been shed on the existence of
the A by the PERNEGR 78 data on coherent 7T scatter-1
ing on nuclei. For the first time these data
contain information on the 1 S —0 P phase difference.

Although this phase —shi ft analysis is ambiguous

between two solutions, one solution exhibits a
+1 S —0 P phase increase of 90' from threshold up

+to 1400 MeV, together wit. h a peak in the 1 S

intensity around 1100 MeV. The energy dependence
+of the 1 S —0 P phase difference is in fact exactly

as predicted by BASDEVANT 77 on the basis of the

ANTIPOVl 73 data. Overwhelming confirmation now

comes from the very large DAUM 80 experiment on a

proton target. They f ind a unique and stable
+solution which exhibits not only the 1 S —0 P phase

increase up to 1400 MeV, but, by comparing with the

phase, they are able to show unambiguously that.
+ +the 1 S, 1 P, and 0 S phases all increase with mass,

+ 0the forward motion o f the 1 S phase being =80 in

the 1100 to 1500 MeV region.
A long-standing problem of the A has- been

its non-observation in non —diffractive processes
( for a review of the situation up to 1976, see

-HABER 77) . Here also the situation is completely

changed due to new observations.
GAVILLET 77 have analyzed backwardly produced

+ +
37l events in the reaction K p ~ Z 7T 7T 7T in suffi-
cient. number to pro ject. out. the di fferent .partial
waves. An A peak seen in the total 37T mass

+distribut. ion can be attributed to the 1 S partial
wave. The Breit-Wigner parameters of the peak are
M = 1041 + 13 MeV, I' = 230 + 50 MeV. The SU (3)
assignment of an Al with these parameters to the

PC ++J = 1 nonet together with the Q' s, the D {1285),
and the E (1420) is not completely satisfactory and

may indicate that the experimental masses are far
from the pole positions on the second sheet

(MAZZUCATO 79, DIONISI 80) . A possible conf irmation

of backward A production by pions has been obtained1
by FERRER 78. The observed peak has the resonance

parameters M —= ] 050 MeV, I:—200 + 50 MeV, but nothing

is known about the part. ial —wave composition. The

production cross sections at the two different beam

momenta of FERRER 78 agree with limits set by earlier,
less significant experiments (ANDERSON 69, ABASHIAN

75).
On the other hand, no evidence for the Al is

+ + — 0
found in the charge-exchange reactions 7T n ~ 7T 7T 7T p

(EMMS2 75), 7T p ~ 7T 7T 7T A (WAGNER 75, BALTAY 77),
7T p ~ 7T 7T 7T n (CORDEN 78), or K p ~ 7T 7T 7T A

(CERRADA 77) . However, the number of partial waves

Rev. Mod. Phys. , Vol. 52, No. 2, Part I I, April 1980
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Me sons
~, (~ ioo-&3oo)

is greater in charge exchange due to the two

possible values of isospin, and thus the analysis
is more complicated.

Other non-diffractive channels, such as pp

annihilation, have not produced consistent results
of sufficiently high statistical significance. At

P
PD
P

D

PRODUCED BY PI
( 1060 ~ )
(1089~ 0) (12 ~ 0)
( 1090~ ) APPROX ~

(1055~0) (6 ~ 0 )
S (1119&) (30 ~ )
S S HQUL DER QN A 2 ONLY

(1 069 ~ 0) (7 ~ 0 )
( 1120~ 0)

F T (1150~ )
T MASS AND WIDTH SEEN TO

(1152e0} (9+0)
(1100~ 0)
( 1280~ 0) ( 30 ~ 0)

PHAS E VAR I AT ION OB S ERV
FROM A MODEL DEPENDENT

ASCOL I
BALLAM
CHUNG
JUNK MANN

KEY

68
68
68
68
68

CASQ 70
CRENNELL 70
ANT IPOV1 73

DEP END QN T g UNI QUE
BALTAY 77
PERNEGR 78
DAUM 80

ED B ETWEEN ( 1+S) AND
FIT

HBC
HBC
HBC
HBC
HBC

-0 5 PI -P
16 ~ 0 Pi- P

3 Zg4 2 PI-P
16 PI — Pt 5PI
3 P I-P

HBC — 1 1 ~ ZP I-P
HBC — 6 ~ PI- Pe F PI
CNTR — 2 5 y 40~ PI - P
DET. IMPOSS IBLE
HBC 0 15 PI- PgP 3PI
CN TR — 9+13+15 P I- NUC ~

CNTR 63g94 PI- P
( 0-P) WA VES

6/68
9/68
2/67
9/6 9
9/6 8

5/70
5/70
1/74
1/74

12/77
4/78¹

12/79¹

best, an A shoulder has been seen in the (3Ti )
+ — — 0 0spectrum fram pd ~ pTt Ti 'tr Ti . However na A is1

observed. The e ffect is interpretable as interf er—

ence between various resonance channels (KASPER 79) .
+ +Finally, the semileptanic decay T ~ A19 seems

to have been discovered at PLUTO (ALEXANDER 78,

MMS — 16 PI- P, BACKW9 8/69
OMEG — 9+12 PI — P yP 3P I o 4/78¹

PRODUCED BY PBARS e

(1054 ) (7 ~ ) DANYSZ 67
(1042 ) ( 21 ) FR I OMAN 68

A (1076, ) {5 ) ATHERTQN 73
A JP ANALYSI S GI VES SOME EVIDENCE FOR RHQ PI

HBC +- 3g3.6 PBAR P
HBC +- 5 7 PBAR P
HBC +- 5 ~ 7 PBAR P
D-WAVE

~ 7/67
6/68
1/74

PROD UCED BY K-
(1111 )
(1117
( 1C60 ~ )

(10.)
(30 ~ )
(15~ )

ALLI SCN 67 HBC + 6 K-P p LAM +5 P I 1/68
Al L ISQN 67 HBC + 6 K-Py LAM +4 PI 1/68
JUHALA 67 HBC 0 4 6-5 K-P 5BODY 1/68

PRODUCED BY P ICNS~ BACK WARDS SCATT
( 1115~ 0) (20~ 0) AND E RS QN 69

J {1050 0) (11 0) FE RRER 2 78
J NO JP DETERMI NATION ATTEMPTED

WAGNER 79) and conf irmed at SLAC-LBL (JAROS 78) .
+ — + 0 +

The PLUTO lT 'lT Tt mass distributian with a p

PRODUCED BY K+
K+ (1060 0) ( 20 ~ 0 ) ALEXANDER 69 HBC + 9 K+P
K+ {1030.0) {20.0) BERL INGHI 69 HBC + 0 12 ~ 7 K+ P
K+ FOR CONTRADICTORY EVIDENCE SEE RABIN 70 ~

9/69
9/69

selectian shaws a peak centered at N' 1200 NeV,

1 —400 ta 500 NeV, very unlike phase space. The

Dalitz plot distribution is consistent with 1 S.
However, with only 27 events in the plot, it is not
possible to rule out all other passible waves.

To summarize, most of the data now seem to
require the presence of an Al resonance, but the

quantitative details are far from being determined

exactly. BASDEVANT 78 used the data of ALEXANDER

78 and JAROS 78 to restrict the range of solutions
for the A resonance parameters obtained in their1
analysis of diffractive A production (BASDEVANT 77).1
The values they obtain, when expressed as second-

sheet pole parameters rather than as simple Breit-
Wigner parameters are N = 1180 + 50 NeV, l = 400 + 50

NeV.

PRODUCED BY K- gBACKWARDS SCATT ERING
F (1C41 0) ( 13 0) GAVILLET 77 HBC + 4 ~ 2 K- PgS 3PI
F FRCM A F IT TO JP=l+ RHO PI PARTIAL WAVE

12/77

PRODUCED IN TAU DECAY
42( 1 100~ ) APPROX ~

27{1200~) OR LESS

AVERAGING NQT MEANINGF UL

JAROS 78 SMAG +- E+ E- g MU+- 3P I 12/78¹
WAGNER 79 PLUT +- E+E-rE(MU) 3PI 12/79¹

10 Al WIDTH (MEV)

W

W F

PRODUCED BY PI
(80 0)

( 130~ )
( 50 ~ 0)

( 300. )
(367 )

APPROX ~

OR LESS
APPROX ~

(30 }

ADERHOLZ 64 HBC
BOES EBECK 68 HBC
ARMENI SE 70 HBC
R INAUDO 71 HBC
THCMPSO1 74 H BC

4. 0 PI+ P
+ 8 PI+ P 6/68

0 9 PI+ N -- Al P 1/71
+ 5 P I+P y P (3P I )+ 11/71
+ 13 PI+P ~ P(3PI )+ 12/75

PROD UCED BY PI
( 140 0) ( 31.0) BA LLAM 68
(125 ~ ) APPROX ~ G HUNG 68
(77 0) (17~ 0) JUhKMANN 68

K (4e. } KEY 68
K SHOULDER QN A2 ONLY

(99~ 0) (15 0) CA SQ 70
(300 ' ) .ANTIPQV 1 73

MASS AND WIDTH SEEN TO DEPEND ON Tg UNIQUE
(264 0) (11 0) BALTAY 77

P (300 ~ 0) PERNEGR 78
PD (300.0) (30 ~ 0) DAUM 80
P PHAS E VARI ATION OBSERVED BETWEEN ( 1+S I AND

D FROM A MODFL DEPENDENT FIT ~

F T
T

HBC
HBC
HBC
HBC

16~0 PI- P
3 ~ Zy 4. 2 PI-P
],6 ~ PI- Pg 5PI

3 0 PI — P

HBC — 1 1 2P I,-P
CNTR — 25 q40 PI-
DET IMPOSS I BLE
HBC 0 15 PI+ P gP 3PI
CNTR — 9+13+15 P I — NUC ~

CNTR 63 g94 PI — P
(0-P) WAVES

9/68
2/67
9/69

11/67

5/70
1/74
1/74

12/77
4/78¹

12/79¹

8/69
4/78¹

PRODUCED BY PICNS y BACKWARDS SCATT ~

(98.0) (45 0) (20 ~ 0) ANDERSON 69 MMS — 16 PI- P BACKW9
J (195.0) (32.0 } F ERR ER 2 78 QMEG — 9+12 Pl — Pg P 3P I
J NQ JP DE TE RMI NATION ATTEMPTED

DAUN 80, fitting simultaneously the 1 S

intensity and the phase relative to the 2 D wave

PRODUCED BY PB ARS ~

{33 ) (19 DANYSZ 67 HBC +— 3g3 ~ 6 PBAR P
( 130 ) APPROX ~ FRIDMAN 68 HBC +- 5 7 PBAR P

A (36 ) (20 ) (15 ) ATHERTON 73 HBC +— 5 7 PBAR P
A JP ANALYSI S GIVES SOME EVIDENCE FQR RHQ PI D-WAVE

7/67
6/68
1/74

above 1 GeV with model amplitudes similar to the

ones used by BOWLER' 75 and BASDEVANT 77, find for
PRODUCED BY K- ~

(50 ~ ) (50 ~ )
(50 ) (25 )

(120 ) (15 )

ALL I SON 67 HBC + 6 K-Pw LAM +4 PI 1/68
ALLISON 67 HBC + 6 K-P LAM +5 PI 1/68
JUHALA 67 HBC 0 4~6-5 K-P ~ 5BODY 1/68

the A parameters: M = 1280 NeV, I = 300 MeV.
1

This is not in complete agreement with PERNEGR 78,

PRODUCED BY K+
( 160 ~ 0)

B (120 ' 0)
K+ FOR CONTR

{130 0)

(20 ~ 0) ALEXANDER 69
(30.0 ) BERL INGHI 69

AD I CTORY EVI DENCE SEE RABI N 70 ~

(20.0) BERL INGHI 69

HBC + 9 K+P
HBC 12 ~ 7 K+ P

HBC + 0 12 7 K+ P

9/69
8/69

9/69
GAVILLET 77, FERRER 78, ALEXANDER 78, and JAROS 78,

+
who f ind the pe ak of the 1 S in tens ity around 1100

PRODUCED BY K- g BACKWARDS SCATTERING
F (230 ~ 0) (50 0 1 GAVILLET 77 HBC + 4.2 K- Py S 3PI
F FROM A F I T TO JP=l+ RHO PI PARTIAL WAVE

12/77

MeV. Thus, if the Al can finally be considered as

a well established meson, the determination of its

PRODUCED IN TAU DECAY
42 ( 200. ) APPROX
27 400 TQ 500

AVERAGING NOT MEANINGFUL

JARQS 78 SMAG + — E+E-p MU+- 3PI 12/78¹
WAGNER 79 PLUT +- E+E-t E ( MU) 3PI 12/79('

parameters is far from settled.
10 Al PARTIAL DECAY MCDES

M

M

M

M

M F

PRODUCED EY P I +
(1C80 0}
(1080 ' )
(1040. 0)
( 1128~ )

10 Al MASS (ME V)

APPROX

(8 ~ )

ADERHQl Z 64 HBC 0 P I+P
BOESEBECK 68 HBC + 8 PI+ P 6/e8
ARMENISE 70 HBC 0 9 PI+ N -- Al P 1/71
THQMPSO1 74 HBC + 13 PI+Pg P(3P I )+ 12/75

Pl
P2
P3

A 1 INTO RHQ PI
Al INTO KBAR K
PI (PI PI ) S WAVE

10 Al BRANCHING RATIOS

DECAY MA SSE S
776+ 139
493+ 497
139+ 139+ 139

Rl
Rl

Al INTO (KBAR K)/( R HO P I )
(0 ~ 0025 ) OR LESS DAHL

(P2) /(P1)
67 HBC — 4.0 -PI — P . 10/66

¹¹¹¹¹¹¹¹¹
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Me sons
Aj{1100—1300), 8{1235)

Data Card Listings
For notation, see key at front of Listings.

BELLINI 63 Nc 29 89e

ADERHQL Z 64 PL 10 226
GQLDHABE 64 PRL 12 336
LANDER 64 PRL 13 346 A

REFERENCES FGR A 1

BELl INIrFIQRINIg HERZ tNEGRI sRATTI ( MI LAN)

A ACH+BER I +BI RM+BONN+DESY+HAMBURG+LQI C+MF IN
GGL DHABERg BRGWNg KADYKg SHEN+ ( LR L+UCB )
LANDERg ABGLI NS g CARMGNY t I ENDRI CKS + (UCSD) JP

11 B(1235 JPG=j++} I=1

11 8 NASS (MEV)

AL LA RD 66 N C 46A 737
DEUTS CHM 66 PL 20 82
HE SS 66 UCRL-16832

ALLISCN 67 PL 258 619
DAHL 67 PR 163 1377
DANYSZ 67 NC 51 A 801
JUHALA 67 PRL 19 1355
SL ATTERY 67 NC 50A 377

AR ME Nl SE
AS CCL I
BALLAN
80 ES EBEC
CASO
CHUNG
CNQPS
F R IDMAN
JUNKMANN
KEY

68 PL 26 8 336
68 PRL 21 113
68 PRL 21 934
68 NP 8 4 501
68 NC 54 A 983
68 PR 165 1491
68 PRL 21 1609
68 P R 1.67 1268
68 NP 88 471
e8 PR 166 1430

e9 PR 183 I, le8
69 PL 29B 198
69 PRI 22 1390
69 PRL 23 42
69 NP 8 11 551
69 NP 8 13 40
e9 PR 184 1461
69 P RL 23 146

AL EXANDE
ALLABY
ANDER SON
BERL INGH
DC'NA LD
FAYCLLE
JUHAI A

KENYON

ARNEN IS E
AS COL I
BRAI'(DENB
CA SC
CR ENNELL
GAREL ICK
RA BI N

70 LNC 4 199
70 PRL 25 962
70 NP Bje 369
70 LNC 3 707
70 PRL 24 781.
70 PHI LAD ~ CONF ~ P ~ 205
70 PRL 24 925

ABCL INS 65 ATHE NS (QHI C) CONF ~

AL ITTI 65 PL 15 69
+CAR iMONY g L AN DER t XUON Gg Y AGER
AL I TTI g BATON g 0 EL ER sCRUS SARD+

(LA JOLLA) I=1
(SACL+BGNA)

+DRI JARD+HENNESSY+ (QRSAY+MILAN+SACL+UCB )
DEUT SCHMANN t STE I NB ERG + ( AACH+BER L I N+C ERN)
R I HESS (THES ISg BERKELEY) ( LRL)

+CRJZ+ (OXF+MP IN+BIRN+RHEL+GLA S+LGIC )
+HAR DY+ HE S S+K I RZ+ NI L L E R (LRL )
DANYSZ+FRENCH+SINAK (CERN&
+ L EA COCK+R hODE+KOP EL MAN+ ( IOWA+COL. O)
+ KRA Y8 I L L+ F QRMAN+F ER 8 EL ( Y AL E+RGCH ) JP

G ALEXANDERtA. FIRE STGNE tG ~ GGLDHABER (LRL}
+8INON+DIDDENS+DUTE IL+KLGVN! NG+. .. {CERN)
+CGLI INS, + ( 'BNL +C ARN )
BERL INGHIERI gFARBERt+ ( RCCH)
+EDWARDSg BURANg BETTINI g+ (LI VP+QSLG+PADO)
+DE MONTA/GNACgMQRANDtSTRACHMAN+ (PARIS }
+LEACGCKt RHODE r KCPELMAN g L I BBYt + {ISU+CQLO }
+KINSCNg SCARRg+ (BNL+UCND+GRNI )

+GHIDI NI, FGRING, CARTACC I + ( BARI+BGNA+F IRZ )
+BRQCKHAYt CRAWiL E Yg E I SEN STEI N tHANF T r+ {ILL)
+BRENNERg IQFFREDQs JOHNSON, KIM+ ' (HARVARD}
+CORO SgCOSTA+ ( GENO+DESY+HAMB+NILA+SACI )
+KARSHQNtLAIg SCARRg SINS ( BNL&
D ~ Ae GARELI CK ~ REV I EH { NORTHEASTERN)
+GALTIERIg DERENZQs FLATTE gFR IED MAN+ ( LRL}

JP

+FQRING+CARTACCI+ (BARI+BGNA+FI RZ+QRSAY)
+CRA HLE Y g KRUSE r MORTA'RA g SCHAF ER t+ {I LL I NCI S )
+BRQDYs CHADHICKg FRIESg GUIRAGQSSIAN+ (SLAC) JP
BQESEBECKg DEUTSCHNANNt+ {AACHEN+BERLI N+CERN)
+CONTE+CORDS+DIAZ+ (GENGVA+HAMB+MILA+SACL)
S ~ U ~ CHUNGt C ~ DAHLs J ~ KIRZ t 0 ~ H ~ MI LL ER (LRL }
+HOUGH gCOHNg BUGG+ (8 NL+ CRNL+UCND+T ENN+P ENN)
+MAURE Rg MI CHALGNg OUDET+ ( HEI D+ STRA SBQL!RG &

+COCCONI+ {AACH+ BERL+BGNN+C ERN+W ARS )
+PRE NTI CE+COOP ER+ MANNER+ ( TNTQ+ ANL+ HI SC)

M 60( 1220 0)
N (1220 ' 0)
M 376 1200'
M 1259.0
M 1220
M 1240 0
M (127Z.O)
N 1200e 0
M 1225 ' 0
M 1 236 ~ 0

1 200e 0
M P {1230~ )
M H (1228~ )
M Q 1163 1243.
M A (1252 ~ )

1235.
M 1268 ~

M 1400 1 222e
M 600 1220.
M 890 1 245. 0
M 450 1251 0
M 225 1240. 0

360 1208e 0
N 105(1234e0)

~ ~ ~

M AVG 1230 ~ 6
M STUDENT l 230 ~ 3

20 ~

27 0
20
20e0

{15~ 0)
( 10~ 0)

22 ' 0
15 ~ 0
15 0

(10 )
(5 ' )
6 ~

(6, &

15
lb.
4 ~

7 ~

11 0
8 ~ 0

15 0
18 0

(15 0)
e e ~ ~

3 ~ 7
3 7
(SEE

ABO(. I NS 63 HBC
GQLDHABER 65 HBC
BALTAY 67 HBC
BQESEBECK 68 HBC
CHUNG 68 HB C

ANDERSON 70 CNTR
CA SC!N 70 HBC
ERGF EEV 70 HBC
HONE S 70 HB C
HOQGLAND 70 DBC
MI YASH jTA 70 HBC
PCLS 70 HBC
FRENKI EL 72 HBC
OTT 72 HBC
OTT 72 HBC
AF ZAL 73 HBC
AFZAL 73 HBC
CH ALGU PKA 74 HB{
KA RSHON 74 HBC
Fl ATTE 7e HBc
GE SSAROL I 77 HBC
BALTAY 78 HBC
GAVI LLET 78 HBC
BAUBILLI E 79 HBC

AVERAGE (ERROR INCLUDES S
AVERAGE USING STUDE NT10(H

IDEOGRAN BEI OW )

+ 3.5 PI+P
3 7 PI+g PI-P

+- 0 ~ 0 PBAR P
+ 8.0 PI+

3 ~ 2r4 ~ 2 PI- P
0 5-18 GAMMA P

Be 0 PI —Pg4PI
3 ~ Z5 PI- P

+ 18 5 PI+ P
3 ~ 0 K- 0
6 ~ 7 PI-Pt 4PI

+ 5. PI+ P
+- 0. PBAR Pjr5 PI
+ 7.1 PI+ PtP B+
+ 7 1 P I+ P P 8+
+ 11 7 PI+ P

11~ 2 PI — P
3 9 PI-PsP 8-

+ 4.9 P I+P g P 8+
2 K-PgPI-OMEGA

11 PI-Pt PI — QME
+ 15 PI+Ps P 4Pl
+ 4 2 K-Ps BACK WAR 0

8.2 K- Pg Y&+ 8-

2/67
10/67

9/67
11/70

I/71
11/70

2/71

11/7 }.
12/72
2/73
2/73
2/73
2/73

12/75
12/75

7/ 77
12/77
4/78r
4/7 8+

12/794

CAL E FACTOR GF 1.5 }
/1 ~ 1 1) -- SE E MAIN TEXT

M A

M A
N 0
M P
M H

) M H

}WEIGHTED AVERAGE = 1230 .6 + 3 .?
ERROR SCALED BY 1 .S

FROM FIT OF MASS SPECTRUM AND MOMENTS DISTRIBUTION WITH A STRGNG
INTERFERENCE WITH THE BACKGROUND
FROM FIT OF THE MASS SPECTRUM
HANDDRAWN BACKGRGLINDeERRORS STATISTICAL ONLY.
FIT REQUIRES AN ADDITIONAL JP=j- RESONANCE
AT 1256 MEVg WIDTH 129 MEV ~

ASCCLI 71 PRL 26 929
BEMPQRAD 7 1 NP 8 33 397
BERG ER 71 PHENOMENOLOGY IN
RINAUOQ 71 NC 5 A 239

I LLI NQI S+GENG+HAMB+MIL+ SAC L+HARV+TNTG+W ISC
+8EUSCHr MEI ISSINQSg+ (CERN+ETH+LQIC+MILA)
PARTICLE PHYSICS t CALT ECH 197 I (LRL )
+BGECKMANN t MA JOR+ ( TGRI+BGNN+DURH+NI JM+E PQL)

BERENYI 72 NP 8 37 621
BL QCD'HG R 72 NP 8 46 402
DI EBQLD 72 BATA V. CONF ~ 3P 17
LAI4iSA 72 NP 8 41 388
NORSE 72 NP 8 43 77

+PRENTICEs STEENBERGs YGQNt WALKER (TNTG+WISC)
BLGQDHGRThlg J ACKSGNg PREN TICEs YOGN ( TORONTO)

R ~ DI EBOLD RAPPORTEUR TALK ( ANL)
+E ZE LL g GAI DO S t HI LI MA NN {PURDUE)
+OHs WALKERg JGHNSTONt YOGN {HI SC+ TNTO)

ANTI PQV1 73
ANTIPGVZ 73
ARNGLD 73
A SCQLI I 73
ASCCLI 2 73
ATHERTC N 73
READ 73

NP 8 63 153
NP B 63 141
NC 17 A 393
PR D 8 3894
PRL 31 795
PL 43 B Z49
NP 8 64 511

+AS COL I t BLISNELLOg F QCACC I r+ (CERN+ SERP }
+ASCQLI g BUSNELLGgFQCACC Ig + {CERN+SERP )
+ENGEL s E SCGUBE Sg GENE SY g JANQSSY t+ ( STRB+ BUDA)
+JONESg HEINSTEINt WYLD ( ILL)
+CHAPINgCUTLERgHGLLQHAY sKQESTERg KRUS E+( ILL)
+FRANEK r FR ENCHg GHIDI NI g HIL PERT s+ ( CERN)
BeJ ~ READ {DESY)

ASCCLI
BGHLER
KRUS E
LICHTMAN
QT TER
TABAK
TH CNPSG1
THCMiPSG2

74 P R 09 1963
74 NP 8 74 493
74 PRL 3Z 1328
74 NP 881 31
74 NP 880 1
74 BOSTON CONF'
74 PR 09 560
74 NP 869 381

P ~ 46

+CUTI ERg JCNESg KRUSEt ROBERT Sg HE IN STEIN+( ILL)
+DAI NTCN gKADDGURA t AITCHI SON (QXF&
+ROB ER TS t EDEL STE IN+ ( I L I+CA RN+ NHE St RQCH)
+BI SHASgCASCNgKENNEY s MCGAHANs+ (N CAM )
+RUDOLPH+ ( AACH+ BERL+BGNN+C ERN+HEI 0)
+RONATg ROSENFEl Dg LAS INSKI+ ( LBL+ SLAC )
THOMPSON t GAI DOSs MCILHAINs H ILLMANN ( PURD )
THG. IPSE'N t BADE WI TZ t GA ID G S t MC I LH AI N+ ( P URD )

AB AS HIAN
AITCH ISO
ASCCL I
BEUS CH
BOSE TTI
BOWL ER
DIAZ
EMNS 1
EMMS
HORiNE
KANE
WAGNER

75 PRL 34 691
75 PL 59 8 288
75 PR 0 12 43
75 PL 558 97
75 NP 8 101 304
75 NP 897 227
75 PR 12 0 1272
75 NP B93 1
75 PL 60 8 109
75 PR D11 996
75 TENTH RENCONTRE
75 PL 58B 201

BAUBILLI 76 NP 8 115 237
BENZ 76 NP 8 115 385
BRAYSHAW 76 PRL 36 73

77 PRL 39 591
77 PR 0 16 657
77 THESI S NEVIS 221
77 NP 8 126 241
77 THES ISt LAL 1295
77 PL 69 8 119
77 NP 8 129 429
77 PRL 38 1509
77 PR 0 16 62

BALTAY
BASDEVAN
CAUTI S
CERRADA
FERRER
GA VILLE T
HABER
LCNGACRE
SC HUL T

+CAUT I S ~ KA LE LKAR
BASDEVANT ~ BERGER
C V ~ CAUT IS
+BLGCKZIJL HEINEN+
AD FERRER SO'RIA
+BLOC KZ I JLg ENGELEN+
H E.HABERgG. L.KANE
+AARON
+ WYLD

(COLUMBIA }
(FNAL+ANL)
( COLUMBIA )

(AMST+C ERN+Ni JM+GXF )
( GRSAY)

(AMST+CERN+NIJM+QXF }
(UNIV ~ OF MICHIGAN}

( NQRTHEA STERN g BOSTON)
(ILLINOIS)

AL EXA ND E
BALT AY
BASD EVAN

CORD EN
FE RRER
F ERRER 2
JARCS
PE RiNE GR
ROBERTS

78 PL 73 8 99
78 PR D 17 62
78 P RL 40 994
78 NP 8 136 77
78 PL 74 8 287
78 NPB 142 77
78 PRL 40 1120
78 NP B 134 436
78 PR 0 18 59

Al EXANDERg KNI ESg +( DESY+AACH+HAM 8+S I EG+1s UPG )
+CAUTI SgCQHENgCSQRNAgKALELKAR+ (CGLU+BING)
BASDEVANTg BERGER (FNAL+ANL)
DQWELLtGARVEYg JQBES+ ( BIRN+RHEl+TELA+LGWC }
+TRE II LEg RIVET + (ORSAY+CERN+CDEF+LPNP)
+TREILLEtRIVET + (ORSAY+CERN+CDEF+LPNP )
+A BR AN St ALA M+ {SLAC+L BL+NHES+HAWA)
+A E 8 ISCHER+ ( ETH+C ERN+LOIC+MILA1
+KRUSE t EDELSTEIN+ ( I LL+CARN+NHES+RGCH)

+BEAMERtBRGSSrEI SENSTEI Ng+ (I LL+ANL+ISU &

I ~ J R ~ A ITCHI SGNs R J ~ GOLD ING {OXFORD)
G ASCOLI s Hew HYLD ( ILL INOIS )
+PGLGAR, FR EUDENREICH+ (CERN+E TH+LQIC+MILA)
+QT T ER+ ( AACH+8 ERL+BONN+CERI4+HE ID+I 0 I C+H I EN )
+GAME g A I TC HI SONg DA I NTGN ( GX F+ DARE }
+DIBIANCAg FICKINGERt DADQt ENGLER+(CASE+CARN)
+ JONES t KI NSQNt BELLr DALE+ {BI RM+DURH+Rl-EL &

+JONES sKI NSQNt BELLt DAI E+ {BI RM+DURH+RHEL)
+S HAGGPI ANg V HAGOPI AN BENS INGER+{ FSU+BRAN)

DE NQRIGND ( MICH)
+TABAKgCHLW ( LBL)

BAUBII LIER ~ Rl VGALsARNENISE + (BARI+LPNP)
+BR AUN + {AACHEN+BONN+HAMBURG+HE IDBERG+NPIM )
0 BR AYSHAls (S LAC)

JP

JP
JP

JP

JP
JP
JP
JP
JP
JP

JP
JP
JP

JP

JP

JP
JP
JP
JP

JP

JP
JP

JP
JP

JP
JP

11SO 1200
B flASS (t1EU)

12SO

H 60 100 0
W (80 0)
H 376 100~

W 25 ( 100. )
H 203 ~

H 1 50e
H (100.0)
H ( 122 ~ 0}
H 100e 0
H 78 0
H 132 0
H 113 0
H P {120 )
'W W (126 )
H 0 1163 134

A (156 )
H 120.
W 130-
W 1400 135

600 1 56 ~

W 890 182 0
H 450 155 0

225 170 0
H 105 ( 150.0)

360 163 0
W ~ e ~ ~

H AVG 128 5
STUDENT 129 3

CHISQ
1.6
0.4
6.S
1 ~ 7
2.3
4.6
S.S
0.1
4.3
4.2
0 e1
0.1
0.2
0.3
1.1
2.3

3S ~ 2
(CONLEU
=0.002}

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

DBC
HBC

CNTR

HBC

HBC

HBC

&AUILLET 78
.BALTAY 78
6ESSAROLI 77
FLATTE 76
KARSHON 74
CHALOUPKA 74
AFZRL 73
AFZAL 73
OTT 72
f11YASHITA 70
HCIOSL AND 70

.HONES 70
-ANDERSON 70
CHUNG 68

.BOESEBECK 68
ALTRY 67

1300 1350

ll 8 WIDTH (MEV)

ABQLINS
GQLDHABER
BA LTAY
LEE
BOES EBECK
CHUNG
ANDER SON
CASON
ERQFEEV
HCNES
HOGG LAND
NI YA SHI TA
POLS
FRENKIEL
QTT
OTT
AF ZAL
AF ZAL
CHALQUPKA
KARSHQN
FLATTE
GE SSAROLI
BALTAY
BAUBI LLI E
GA VILLET

3 5 PI+P
3 7 PI+ t Pl-P

0 ~ 0 P BAR P
3e6 PI- P
8 PI+ P

3 ~ 2t4 ~ 2 PI- P
0 5- 18+GA MMA P

8 0 PI-Pg 4P I
3 ~ 25 PI- P

18.5 PI+ P
3eo K- D

6e7 PI-Ps 4PI
5 ~ PI+ P
0 PBAR PI t5 P I
7.1 PI+ P, P 8+
7.1 Pj+ PsP B+
}1 7 PI+ P
11 2 PI- P
3 9 PI-Pt P 8-
4.9 P I+ P g

'P 8+
2 K-P P I-OMEGA

1 1 Pj-P t PI — ONE
15 PI+P s P 4PI
8 ~ 2 K- Pt Y&+ 8-
4 ~ 2 K-P ~ BACKHAR D

63 HBC
65 HBC
67 HBC
67 HBC
68 HBC
68 HBC
70 CN TR
70 HBC
70 HBC
70 HBC
70 DBC
70 HBC
70 HBC
72 HBC
7Z HBC
72 H BC
73 HBC
73 HBC
74 H BC
74 HBC
7e HBC
77 HBC
78 HBC
79 HBC
78 HBC

20 0

30
ESTIMATED

75
20 ~

APPROX ~

(38 ' 0)
20 0
14 e0
20 0
44.0

(20 )
(10~ )

23
(21 )

50 ~

50 ~

20e
22
45 0
32 0
50 ' 0

( 50e 0)
50 8

2/67
I/68

11/67
9/67

11/70

1/7 1
1 1/70
2/71

11/71
12/72
2/73
2/73
2/73
2/73

12/75
12 /75
7/77

12/77
4/ 7 {M'

12/794
4/78~

(28 ' 0)

46 0

26 ~

(18~ )

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 111 -- SEE MAIN TEXT

6.7
8 0

CORDI ER 79 PL 8 81 389
KASPER 79 NP 8 156 207
MAZZUCAT 79 NP 8 156 532
HA GN ER 79 DE S Y- 79-66

DAUM 80 PL 89 8 281
DICNISI 80 CERN/EP '80-1

+0ELCOURT t ESCHSTRUTHt FULDAt + ALO)
+CHAPNANr DERGACH s GOLDt KLE I Nt MARTIN+ ( MELB &

NAZZUCATQg PENNINGTQN+ {CERN+ZEEM+NI JM+OXF)
+ALEXANDER+ ( AACH+ DESY+HAMB+5 I EG~WUPP )

+HERT Z BERG ER+ ( AMST+C E RN+CR AC+NP I M+OX F+RHEL )
+GAVILLETg ARMENTERQS+ ( CERN+MACR+CDEF+STGH)

JP

H A

W 0
W P
H W

SEE NOTE UNDER THE MASS ABOVE
FROM FIT QF THE MASS SPECTRUM
HANODRAHN BACKGROUND ~ ERRORS STAT I STICAL ONLY ~

SEE NOTE UNDER THE MASS ABOVE ~
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Particle Data Group: Review of particie properties S131

Data Card Listings
For notation, see key at front of Listings.

Mesons
B(1235), p'(1850), f(1870)

Pl
P2
P3
P4
P5
P6
P7

11 8 PART IAL DECAY MODES

8 INTC OMEGA+PI
8 INTO 2PI+ 2PI-
8 INTO K KBAR
8 INTO PI PI
8 INTO P I PHI
8 INTO ET A PI (FORBIDDEN BY G)
8 I NTO K KB AR P I

DECAY MASSES
78 2+ 139
139+ 139+ 139+ }.39
49 3+ 493
139+ 139
134+1019
548+ 139
493+ 493+ 139

69 RHO PRIME(1250t JPG=1-+) I= 1

EVIDENCE NOT COMPELL ING«OMITTED FROM TABLE «

SEE AL SO THE RHO PRI ME (1600) MI NI-REV IEW ~

69 RHO PRIME(1250) MASS (MEV }

R10
R10
R10
R10 600
R10
R10
R10
R10 AVG
R10 STUDENT

D/S RATIO FOR

0«3
0 ' 35
0, 21
0 ~ 4

~ ~ ~ « ~

0 ~ 291
0 291

11 8 BRANCHING RATIOS

8( 1235) INTO OMEGA PI

0 ~ 1
0 ' 25
0 F 08
0«1

« ~ « ~

0 ~ 052
0 ~ 060

CHALOUPKA 74 H BC — 3 ~ 9-7 ~ 5 P I-P 1/74
KARSHGN 74 HBC + 4 9 PI+P tP 8+ 12/75
CHUNG 75 HBC + 7 ~ 1 P I+P 12/75

0 1 GE SSAROLI 77 HBC — 11 PI-Pt PI — OME 12/77

AVERAGE ( ERROR I NCl UDES SCAL E FACTOR OF I «0 )
AVERAGE USING STUDENT10(H/1 11) -- SEE HAIN TEXT

Rl 8 INTO (4PI )/(OMEGA PI ) (P2) /(Pl)
R1 (0 ~ 5) OR L ESS ABOLINS 63 HBC + 3 ~ 5 PI+P

M

M

M

M

M

W

H

1 256 ~

12e6. 0
10 ~

5 ' 0
FRENKIEL 7Z HBC +- 0 ~ PBARPt OHEGAZPI 12/77
BARTALUCC 79 MASP 07 GAH P E+E- P 12/79+

~ ~ « ~ ~ ~ ~ ~ ~

AVG 1264«0 4 5
STUD E NT 1 264 ~ 1 5 ' 0

AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUOENT10(H/1 ll) -- SEE MAIN TEXT

69 RHQ PR IHE( 1250) HIDTH ( ME V)

130~

110~ 0
20 ~

35 ~ 0
FRENKIEL 72 HBC +- 0 PBARP GMEGAZP I 12/77
BARTALUCC 79 HASP 07 GAM P E+E- P 12/79+

~ ~ ~ ~ ~ ~ « ~ ~

AVG 125«1 17
STUDENT 125 «1 18 ~ 8

AVERAGE ( ERROR INCLUDE S SCALE F ACTOR OF 1 ~ 0 )
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

R3 8 INTO {PI PI )/(PI OMEGA} ( P4} /(Pl l
R3 (0 ~ 3) OR LESS ADERHGLZ 64 HBC 4.0 PI+P
R3 {0»15) OR LESS CL= ~ 90 OTT 72 HBC + 7 1 PI+ P

7 /66
12/72

R4
R4
R4

8 INTO ( PI PHI ) / ( PI OMEGA }
(0 ~ 015)OR LESS DAHL
(0 ~ 04 ) OR LESS CL= ~ 95 Bl ZZARRI

(P5) /{Pl)
67 HBC 1 «6-4 2 P I- P 10/66
69 HBC +- 0 PBAR P 9/69

R5 8 INTO (ETA Pi ) / ( PI OMEGA ) ( P6) /( Pl }
R5 (0 25) OR LESS CL= 90 BALTAY 67 HBC +- 0 ~ 0 PBAR P 2/67

R2 - 8 INTO (K K BAR )/(OMEGA PI ) ( P3) /(Pl )
R2 (0 ~ 02 ) OR LESS DAHL 67 HBC — 1 6-4 ~ 2 P I- P 10/66
R2 (0«10) OR LESS CL= ~ 90 BALTAY 67 HBC +- 0«0 PBAR P 2/67
RZ (0 ~ 08) OR LESS CL=«95 BIZZARRI 69 HBC +- 0 PBAR P 9/69

REFE RENCES FOR RHO PRIME(1250)

CHUNG 73 PL 47 8 526
BRAHON 73 L NC 8 659

BAl LAM 74 NP 876 375
CHALOUPK 74 PL 51 8 407
CCNVERS I 74 P L 528 493
ESTABROO 74 NP 879 301
KARSHQN 74 PR D10 3608

+PRQTOPOPESCUt LVNCHt FLATTEt+ ( BNL+LBL+UCSC I
A ~ BR AMON ( F RA SC AT I )

+CHADHICKt BI NGHAHtFRETTER+ (5 LAC+LBL+MPI M)
CHALO'J PKAt FERRANDOt LOST Yt MONTANET ( CERN)
+ PAGLUZI t C ERADI NI t GR ILL I+ {ROMA+FRAS)
PE ESTABROGKStA D ~ MARTIN {0 LRH)
+MIKENBERGt EISENBERGt PITLUCKt RCNAT+ (REHO) JP

ANDERSON 70 PR D 1 27 +6 USTA VSON JOHNSON + ( SLAC+C IT+UCS 8+NEAS l
PODOLSKY 71 UCRL 20128 H ~ J ~ PCDOLSKYtPH ~ D THESIS (LBL}
FRENKIEL 72 NP 8 47 61 +GHESQUI EREt LILLESTQL t CHUNGt+ {CDEF+C ERN )J P
WOLF 72 ITHACA N ~ Y ~ CONF» G ~ WOLF t P 213 (SLAG)

Rb 8+- INTO ( (K KBAR)+- PIC) / (PI OHEGA)
Rb (0. 08) OR LESS C L= 90 BALTAY 67 HBC +- 0 ~ 0 PBAR P

R6 8+- I NTQ ( KS KS PI+-l / (PI OMEGA)
Rb (0 ~ 02) OR LESS Cl = 90 BALTAY 67 HBC +- 0 ~ 0 PBA- P

Rb 8+- INTO (KS KL PI+-l / ( PI OMEGA)
R6 (0.06 } OR L ESS C L= 90 BA{.TAY 67 HBC +- 0.0 PBAR P

REFERENCES FOR 8{1235)

2/67

2/67

2/67

ALLES 75 NC 30A 136
CHUNG 75 PR D 11 2426
ESTABROO 75 NP 895 322
FRQGGATT 75 NP B91 454
HYAHS 75 NP 8100 205

BASSQMPI 76 PL 65 8 397

BUDNEV 77 PL 70 8 365
COSTA 77 PL 67 8 213
GESSARQL 77 NP 8 126 382

ALLES-BORELL It BERNARDINI+ (CERN+BGNA+FRA S)
+PROTOPOPESCUt LYNCHt FLATTEt+ ( BNL+LBL+UCSC )
P .ESTABROOKSt A. D.MARTIN (OUR.H)
C ~ D FROGGATT t J «L ~ P ET ERS EN

'

(GLAS+NORD)
+JONES HEI LHAHMER BLUM DIETL+ (CERN+MPIM)

BA SSOMPI E RRE ~ BINDERt + (HULHiSTRB+TORI )

N ~ M ~ BUDNEVt V ~ H ~ BUONEVt V ~ V ~ SERE BRYAKOV(NOVO)
COSTA DE BEAUREGARDt PHAMt PIREt TRUGNG (EPOL l
GESSAROL I t+ ( BGNA+F IRZ+GE NO+ MI LA+GXF+ PAVI )

ABGL INS 63 PRL 11 381
BCNDAR 63 P L 5 2 09

ADERHOLZ 64 Pl 10 240
CARMQNY 64 PRL 12 254

GCL DHAB E 65 P RL 15 118

ABOL INS ~ LANDERt MEHLHOP t XUONGt YAGER ( UCSD)
BONDAR t DODD+ {AACHEN+ BI RM+HAMB+LO I C+M P IM )

AACHEN+BERl IN+8 IRH + BONN+HAHBUR+LOIC+MPIM
CARHONYtLANDERt RI NDFLEI SCHt XUONGt YAGER(UCB) JP

G GOLDHABERtS GOLDHABERtKADYKt SHEN
' ( LRL )

BUK I N 78 PL 73 8 226

BACCI 79 PL 8 86 234
BARTALUC 79 NC 49 A 207

+VASSERMANt KOOP t KURDADZE tSIDOROVt+ ( NCVO)

+DE ZORZI t PENSOt STELLA t+ (ROPA+BGNA+F RAS )
BART AL UC C I t BA S IN I t BE R TOLUC C I+ {DE SY+ F RA S }

BALTAY 67 PRL 18 93
DA HL 67 P R 163 1377
LEE 67 PR 159 1156
SLATTERY 67 NC 50A 377

ASCCLI 68 PRL 20 1411
BOES EBEC 68 NP 8 4 501
CASC 68 NC 54 A 983
CHUNG 68 P R 165 1491

+S EV ER IENS+Y EH+2 ANELLO ( COL U+ BNL )
+HARDY+HE SS+KI RZ+HI LLER (LRL )
+MOEBS ROE SINCLAIRt VANDERVELDE ( MICH)
+ KRAYBI Ll + F CRMAN+F E RBEL ( YAL E+RCCH)

+CRAWLEY t MORTAR At S HA PI RO (I{L) JP
BOES EB EC K t DE UTSCHMANNt+ (AACHEN+ BE RLI N+C ERN)
+CONTE+CORDS+DIAZ+ ( GENOVA+HAMB+HILA+ SACL )
S«U«CHUNGt C«DAHLt J ~ KIRZt 0 ~ H ~ HILLER {LRL I

f(12VO) 5 F(1270t JPG=Z++l I=O

HE NO LGNGER LIST EVERY PUBL ISHED VALUE
WE AVERAGE CNLY THE HOST SIGNIF I CANT
DETERH INAT IONS CF MASS AND HIDTH ~

5 F MASS ( MEV)

ANCE RSCN
CA SO
CASCN
ERCFEEV
HCNES
HCCGLAND
MI YA SHI T
POLS
WERBROUC

70 PR 0 1 27
70 LNC 3 707
70 PR D ' 851
70 SJNP 11 450
70 PR D 2 827
70 PL 33 8 631
70 PR D 1 771
70 NP B 25 109
70 LNC 4 1267

DEVCNS 71 PRL 27 lel4
FRENK IEL 72 NP 8 47 61
OTT 72 LBL-1547
S I STERSO 72 NP 8 48 493

AFZAL
ARMEN IS E
ARHE NI SE
ARNOLD
CASCN
CA SON 1
COHEN

73 NCL 15 A 61
73 NC 17 A 707
73 LNC 8 425
73 LNC 6 707
73 PR D 7 1971
73 NP B 64 14
73 PR D 8 23

BI ZZARRI 69 NP 8 14 169

+KOZLCWSKI tHGRWITZt+ {COL U+ S YR A l

+GHESQUIEREtLILLESTOLtCHUNGt+ {CDEF+CERN) JP
R ~ L OTT T HESIS ( LBL) JP
SI STERSGN, HARRISONt HEYDAt JOHNSONt+(HARVARD)

+BAS SL ER t + ( DURH+GENO+DESY+HILA+SACL ) JP
+FORINOtCARTACCI t+ ( 8 ARI + 8GNA+ F I RZ )
+FOR INOt CARTACCIt + ( BAR I+BGNA+F IRZ )
+ENGEL tESCOUBESt KURTZt { LORETt PATYt+ (STRB)
+8 ISHAS t KENNEYt MADDEN t SANDER t SHEPHARD( NDAMl
+MADDENtBISHCPt BISWAStK ENNEYt+ ( NOAH )
+FERBELt SLATTERY ( ROCHESTER)

+FQSTER GAVI LLET MONTANET + {CERN+CDEf')

+GUSTAVSCNt JOHNSONt+ (SLAC+CIT+UCSB+NEAS)
+CONTE t TOMAS I NI t CORDS+ (GENO+HAMB+HILA+SACL )
+ANDRE WSt 8 I SHAS t GROVES ~ HARRING TON t+ ( NDAM)
+VETLITSKYtHLADIMIRSKY t GR IGOREVt+ ( I TEP )
+CASONtBI SWAS tHE LLANDt KENNEY t MCGAHAN+ (NGAM)
SABRE COLL ABOR ~ ( AMST+ SAC L+BGNA+REHO+E POL )
MIYASHITAt VCN KRCGHt KOPELHANt LIBBY {COLO)
+BOECKMANNtCIRBAt+ ( BQNN+DURH+EPQL+TGRI )
W ERBROUCKt R INAUDOt + (TOR I+N I JM+BQNN+ LB l- }JP

M {1 2 50. 0}
M 1416(1267~ 0)
M I 276 ~

M T 1960 1 261
M T 360 1270
H 1 265,
H - J 1268~ 0
H 1275~ 0
M 1273 0
M 600 1275 0
H E {1273 ~ 0)
H 5300 1277 0
M E 300(1272 ' )
M 2000 1261 0
M 600. 1258 ~ 0
M 1200 1274 ~

M 4600 1272 ~

M IH {1269 ~ )
M IG ( 1275 ~ }
H 16000 12 84 ~ 0
H 1273 8
M 1282 0
M ~ «« ~

M AVG 1272«5
STUDENT1272 7

{25~ 0)
(10.0)
ll ~

5«
10 '

8 ~

6 ~ 0
13 0

7 ' 0
10 «0
(6 ~ 0)
4«0

10~ 0
10 ~ 0
12«

4 ~

(4 ~ )
(4 )
10 ~ 0

2 ~ 8
5«0

1 5
1 «7

2 ~ 7

SELOVE 62
JACOBS 66
RAB I N 67
ARHENI SE 68
ARMENI SE 68
BCESEBECK e8
JOHN SON 68
ARMENI SE 70
ARHENI SE 70
QH 70.
STUNT E 8 EC 70
FLATTE 71
KEHP 72
JACOBS 72
TAKAHASHI 72
WHITEHEAD 72
E NGL ER 74
ESTABROCK 75
HYAM S 75
DE UTSCHMA 76
BECK ER 79
CORD EN 79

HBC
HBC
HBC
DBC
DBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC
HBC
ASPK
DBC
R VUE
ASPK
HBC
ASPK
OHEG

3«0 PI- P
2-3 PI-Pt T CUT20
8 ~ 5 P I+ P
5 ~ 1 P I+Nt P PI+
5 ~ 1 PI+NtP PIO 0
8 P I+ P

3 ~ 7-4 ~ 2 P I- P
9 P I+ N -- F P
9 P I+ N —MH P

1 26 PI- P tP F
8«PI-Pt 5 ~ 4 PI+0

7 ~ 0 PI+ P
11.7 PI+ N

2 8 P I- P
8 PI- PtN 2PI
3 1-3 ~ 6 PI- P ~

6 . P I+N t P I+P I- P
17 PI-P PI+PI-N

17 P I-Py P I+P I-N
1 6 P I+P
1 7 P I- P P GLAR I Z
12-15PI-Pt N 2P I

1/73
10/67
9/67
1/73
1/73
e/e8
7/69
1/71
1/71
1/71

11/71
6/71

12/72
I /73
1/73
2/73

12/75
12/75
12/75
4/78~

12/7~
12/79+

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
AVERAGE USING STUDENT10(H/l«ll } -- SEE HAIN TEXT

6ALL AM 74 NP B 76 375
CHALGUPK 74 PL 518 407
KARS HCN 74 P R 010 3608

CHUNG 75 P R D 1 1 2426
ALSO 73 PL 47 8 526

DUBOVIKO 75 SJNP 20 229

+CHADWICKt BI NGHAHt FRETTER+ (S LAC+LBL+MPIH)
CHAL OUPKA ~ FERRANDOt LOSTY t MONTANE 7 ( CERN) J P
+MIKENBERGtE ISENBERG t PI TLUCKt RCNAT+ (REHOl JP

+PRO TCPCPE SC U t LYNCH tF LATTE t+ ( BNL+LBL+UCSC) J P
+PROTOPQPESCUt LYNCHt FLATTEt+ ( BNL+LBL+UC SC ) JP
M 5 ~ DUBCVI KCVtI ~ A«EROFEEV (ITEP) JP

H E EVIDENCE FOR A STRUCTURE CLAIHED
M G INCLUDED IN BECKER 79 ANALYSIS
M H USES SAME CATA AS HYAMS 75
M I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHI FT S GLUT I CNS
M J JOHNS CN 68 INCLUDES BONDAR 63t LEE 64t DERADO 65t EI SNER 67«
M T MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(N) ~ SEE K+ TYPED NOTE

FLATTE 76 PL 64 8 225

GESSARCL 77 NP B 126 382

BALTAY 78 PR D 17 62
GAVILLET 78 Pt 78 8 158

BAUB ILL I 79 CERN/ EP 79-72

+GAYt BLOKZ IJLt METZGERt+(CERN+AMST+NI J M+CXF } JP

GESS ARQL I t + f BGNA+F IRZ+GENO+H ILA+OXF+P A VI ) J P

+CAUTI S COHEN CSORNA SMITH YEH +(COl. U+BING)
+DIONISIt GURTU ~ + ( CERN+A MST ~ NI JM+CXF ) J P

BAUB ILL I ER t+ (8 IRM+CERN+GLAS+MSU+ L FNP)

W (100 ~ 0 l

H 1416 ( 99«0)
W 155 ~

T 1960 2 16 ~

W T 360 ( 188~ )
H 128 '
H J 176~ 0
H 131 0

T 173 0
W T 600 120~ 0

E (196 0)
H 5300 183~ 0
W E 300 (143«)
W 2000 1 30 ~ 0

5 F W IDT H (MEV I

(25 ~ 0)
( 10 ~ 9+"

17
20 '

(40 )
23 ~

13 ~ 0
25«0
25 ~ 0
20 0

(18 0)
15 ' 0

25 ~ 0

SELG VE 62
JA COB S 66
RABIN 67
ARHENI SE 68
ARMENISE 68
BQESEBECK 68
J OHN SON 68
ARMENI SE 70
ARM ENI SE 70
QH 70
ST UN TE.8 EC 70
FLATT E 71
KE MP 72
JACOBS 72

HBC
HBC
HBC
DBC
DBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC

3~ 0 PI-P
2-3 P I-P t T CUT20
8 5 P I+ P
5 ~ 1 PI+NtP PI+
5 «1 PI+NtP P IO 0
8 PI+ P

3 ~ 7-4 ~ 2 P I- P
9 PI + N -- MM P
9 PI+ N -- F P

1 «26 PI- PtP F
8 PI-Pt 5 ~ 4 PI+D
7 ~ PI+Pt DELTA++F
11 7 PI+ N

2 ~ 8 PI- P

10/67
9/67
1/73
1/73
6/68
7/69
1/71
2/74
2/74

11/71
1/71

12/72
1/73
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S132 Particle Data GroUp: Review of particle properties

Me sons
r(&2vo)

Data Card Listings
For notation, see key at front of Listings.

AVG
STUDENT

W T 600
1200

W 4600
W IH (
W IG
W 16000
W

W

W

W

166. 0
217. )
192,
209. )
188 ~ }
225. 0
183.2
216 0

~ ~ 0 ~

).78 ~ 0
178,3

28. 0
( 24 ~ )
16 '

( 10 ' )
(4 ~ )
38 ~ 0
8.3

13 ' 0
7 ~ 9

TAKAHASHI 72 HBC
WHITEHEAD 72 ASPK
ENGL ER 74 DBC
E STABROOK 75 RVUE
HYAMS 75 A SPK
DEUTSCHMA 76 HBC
BECKER 79 ASPK
CORDEN 79 OMEG

8 a Pl- P ~ N 2P I 1/73
3 1-3 6 PI — P 2/73

6 PI+N~ P I+P+-P 12/75
17 PI-Pg PI.+PI-N 12/75

17 P I-P g P I+P I-N 12/75
16 P I+P 4/78+
17 PI — P PCLARIZ 12/79+
12-15PI -P g N 2P I 12/7W

~ ~ ~ ~

7 ~ 4 AVERAGE ( ERROR INCLUDES SCAt. E FACTOR OF 1 7 )
5 ~ 5 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT
(SEE IDEOGRAM BELOW- )

R3
R3
R3
R3
R3

C THI S DETERMI NATION HAS QUANTITATI VELY ACCOUNTED FOR BOTH F-PRIME
C AND A2 I NT ERF ERENCE EFFECTS
M TAKE S INTO ACCOUNT THE F-F ' INTERF ERENCE
N BY EXTRAPOLATION TO THE PION POLE

USING F PR ICE WI DTH = 40 MEV

LIEIGHTED AVERAGE = 0 .0339 + 0 .0033
ERROR SCALED BY 1.3

W E EVIDENCE FOR A STRUCTURE CLAIMED
W G INCLUDED IN BECKER 79 ANALYSI S
W H USES SAME CATA AS HYAMS 75
W I ERROR TAKE S ACCOUNT QF SPREAD OF DIFFERENT PHASE-SHIFT SOLUT IONS
W J JOHNSON 68 INCLUDES BONDAR 63 LEE 64, DERADO 65, E I SNER 67,
W T WIDTH ERRORS ENLARGED BY US TO 4&W IDTH/SQRT(N ) y SEE K+ TYPED NOTE

50

-CORDEN 79
.BECKER 79
DEUTSCHMA 76
ENGLER 74

. TAKAHASHI 72
JACOBS 72

. FLATTE 71
H 70
RMENISE 70
RMENISE 70
OHNSON 6EI

OESEBECK 6B
RMENISE 6El

ABIN 67

150 250 350

LIEIGHTED AUERAGE = 178.0 + 7 ~ 4

ERROR SCALED BY 1.7

OMEG

ASPK
HBC
DBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC

CHISQ
B.S
0.4
1.5
O. B
0.2
3.7
0.1
El .4
0.0
3.5
0.0
4.7
3.6
1.9

37.4
(CONLEU
=0 ~ 000)

R4
R4
R4

R5
R5
R5

R6
R6
R6

—0.05 0.05 0.15

POLYCHRON 79
MARTIN 79

.CASON 7B
PAWLICKI 77
EMMS 75
TOET 73
BISRAS 72
AGUILAR 72

-ADERHOLZ 69
-DAHL 67

0.25

STRC
RUUE

STRC
SPEC
DBC
HBC
HBC
HBC
HBC
HBC

CHISQ
0.6
0.6
1.4
6.9
0.4

0.0

0.1

9.9
(CONLEU
=0.129)

F INTO (K KBAR) i (PI PI)

F INTO (ETA P I PI )/(PI PI )
(0 19) OR LESS CL= ~ 95

( 010)OR LESS CL= ~ 95
AGU I LAR
E MMS

(P6) /(Pl )
72 HBC 3 9g4 6 K- P 1Z/72
75 DBC 4 P I+N g P F0 11/75

F INTO (ETA ETA)/(PI PI ) (P7)/(P 1)
( ~ 09) OR LESS CL= ~ 95 EI SENBERG 74 HBC 4~9 PI+Pt DEL++FO 11/75
( ~ 016)OR LESS CL= ~ 95 EMMS 75 DBC 4 PI+NyP FO ll/75

F INTO (KO K- PI+ AND C C )/(PI PI ) ( P5) /(P 1)
( 0 ~ 07) OR LF SS C L=.95 AGUI LAR 72 HBC 3 9,4 6 K— P 12/72

( 004) OR L ESS CL= ~ 95 EMMS 75 DBC 4 ~ PI+No P FO 11/75

Pl
P2
P3
P4
P5
P6
P7
PB

F LIIDTH (MEV)

5 F PARTIAL DECA Y MODES

F INTO PI P I
F INTO 2PI+ 2PI-
F INTO PI+ PI- 2P I 0
F INTO K K BAR

F INTO K KBAR PI
F INTO ET A P I P I
F I NTO ETA ETA
F I NTO GAMM A G At}MA

0
1 39+
139+
139+
49 7+
497+
54 8+
548+

0+

ECAY MASS ES
139
139+ 139+ 139
139+ 134+ 134
497
497+ 139
139+ 139
548

0

R10
R10
R10
R10 I
R 10I
R10
Rl0
R10
R10
Rl0

H

G

F INTO (P I PI
600 0 8
250 0 85

82)
( ~ 803}
0 847
0 ~ 75

0 ~ 0 ~ ~

AVG 0.831
STUDENT Oo 833

)/TOTAL ( Pl}
0 04 OH 70 HBC 01.26 PI — P g P. F 1/71
0 ~ 05 BEAUPRE 71 HBC 08 PI+ Pg DELTA++F I/71

01} ESTABROOK 75 RVUE 17 PI —Pg PI+PI-N 12/75
003) HYAMS 75 AS PK 17 P I-Pg P I+P I-N 12/75

0 016 BECKER 79 ASPK 17 PI — P PCLARI Z 12/794
0 .04 CORDEN 79 QMEG 12-15PI-P g N 2PI 12/79+
0 ~ ~

0 ~ 019 AVERAGE (ERROR INCLUDE S SCA(. E FACTOR OF 1.4)
0 016 AVERAGE USING STUDENT 10(H/1 ~ ll) —SEE MAIN TEXT
( SEE IDEOGRAM BELOW )

R10 G INCLUDED I N BECKER 79 ANALYSI S
R10 H USES SAME CATA AS HYAMS 75
Rl OI ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT P HASE- SHIFT SOLUTION S

Wl
Wl

5 F PART IAL WIDTHS

F INTO GAM1A GAMMA (KEV)
(24 .0 } OR L ES S CL=0.95 ABRAMS 79 SHAG E+ E—

I 2/784
12/790

WEIGHTED AUERAGE = 0 .El31 + 0 .019
ERROR SCALED BY 1.4

5 F BRANCHI NG RATI OS

Rl F IN
Rl ASCQL I
Rl
Rl D

Rl D CQR
Rl 50
Rl
Rl
Rl 154
Rl
Rl 70
Rl 285
R 1 160
Rj
Rl AVG
Rl STUDENT

PI ) ( P2) /(Pl)
S MA INLY RHO-RHODE 1/3 QF WHICH YI ELD ZP I+ 2 PI-

BONDAR 63 HBC 4 ~ 0 PI-P
CHUNG 65 H BC 2 P I-P

TO (2PI+ 2PI —) /(PI
68 SUGGEST QECAY

0.08 0.06
0. 04 Oo 05

RECT ED BY Q DAHL
0. 07 0 ~ 04
0 ~ 022 0 045
0 ~ 047 0.013
0. 03 7 0 ~ 007

(0 ~ 033}OR LESS C.05 1 ~ 025
~ 043 ~ 007
~ 024 ~ 006
~ ~ ~ ~ ~ 4 ~

0~0344 0.0040
0 ~ 0351 0 0047

11/71
1 1 /71

6/68
2/72
2/73
1/74
1 /74

11/75
11/75
11I75

5 PI — P8. PI+ P
le26 PI — PgP F
6 P I+Ny P FO
8 ~ PI+N g P FD
4 ~ 9 PI+Pe DEL4+FD
3 9 PI — PpN FO

P I+Ng P FQ

68 HBC
71 HBC
70 HBC
73 DBC
73 DBC
74 HBC
74 HBC
75 DBC

ASCOL I
0 ~ 022 BA RQAO I N

QH
ANDE RSCN.L = ~ 90 BUGG
EISENBERG

~ 011 LOUI E
EMMS

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
A VERAGE USI NG STUDE NT10(H/I }.1 ) —— S EE MAIN T EXT

R3 F IN
R3
R3
R3
R3
R3
R3 20
R3 L
R3 L L IM
R3
R3
R3
R3
R3
R3 W

R3 C
R3 N

R3
R3
R3
R3 M

R3
R3 AVG
R3 STUD E NT

TQ (K KBAR) /(PI PI ) (P4) /(Pl)
WE ONLY AVERAGE EXPERIMENTS WHICH E ITHER TAKE INTO ACCOUNT F-A2
I HTERFERENCE EXPLICIT LY OR DEMONSTRATE THAT A Z PRODUCTION IS
NEGLIGIBLE.

(0.047) (0 ~ 012)+ SYST. BEUSCH 67 OSPK
0. 05 0.05 DA HL 67 HBC
0.031 0 ' 012 ADERHOLZ 69 HBC

(0 07) OR LESS CL= 95 AGUILAR 72 HBC
I T ABOVE RESTATED FOR AVERAGING BELOW ~0.0 0 04 AGUILAR 72 HB C

0. 13 0 05 8 I SWAS 72 HBC
(0 ~ 02} OR LESS CL= 85 WHITEHEAD 72 ASPK
0 ~ 03 0 ~ 02 TQET 73 HBC

025 015 EMMS 75 DBC
( 029} ( .006) WETZEL 76 OSPK
0 ~ 047 0.005 PAWL ICK I 77 SP EC.
0 ~ 328 0 005 CA SO'N 78 ST RC

(0 ~ 069) (0 023) (0 ~ 031)GOIRL ICH 79 ASPK
( 0 ~ 039) ( 0 ~ 008) LOVERRE 79 HBC

0 ' 030 0.005 MARTIN 79 RVUE
0.02 7 0 ~ 009 PQLYCHRON 79 STRC 7 ~ PI-PgKS KS N

~ ~ ~ 1 ~ 0 ~ ~

0 ~ 0339 0.0033 A VERA GE ( ERROR I NC LUDE S SCALE FACTOR OF 1 o 3
0 0323 0 ~ 0033 AVERAGE USING STUDEHT10(H/1 11) —— SEE MAIN

( SE E IDEOGRAM BELOW )

9/67.10/66
12/75
12/72
12/72
12/72
1/73

12/72
1 /74

11/75
7/77

12/77
12/784
12/79+
12/794
12/79~
12/794

5 g7y12 PI' —P
1 ~ 6—4 ~ Z PI- P
8 PI+ P gK+K-PI—

3 ~ &y4 ~ 6 K- P

3 ~ 9g4 6 K — P
18.5 PI+- P
3 1-3 6 P I — P
5 PI+P) P PI+ FO
4 PI+No P
8 ~ 9 PI PyKS KS
6 ~ PI N, K+ K- N

7. PI-P, KS KS N

171I 18 PI —P POLAR
4 PI-PyK K N

)
TEXT

RZ ' F INTO ( PI+ PI — ZPI0) /( PI PI ) (P3) /(Pl }
RZ SHOULD BE TWICE R I IF DECAY I S RHO-RHO (SEE A SCOLI 68}

F 15 06 EI SENBERG 74 HBC 4 ~ 9 P I+P g 0 EL++F 0 11/75
( ~ 07} EMMS 75 DBC 4 PI+N P FO 11/75

0.65 0.75 O. BS

. CORDEN
BECKER
BEAUPRE

0.95

79 OMEG

79 ASPK
71 HBC
70 HBC

1 .05

CHISQ
4.1

1.0
0.1
0 ~ 6
5.H

(CONLEU
=0.119)

F INTO (PI PI) &TOTAL

REFERENCES FOR F

SELOVE 62 PRL 9 272
BCNDA R 63 P( 5 1 53
GUIRAGOS 63 PRL 11 85
HAGOP IAN 63 PRL 10 533
VE ILLET 63 PRL 10 29

SELOVE HAGOPI AN BRQDY BAKER LE BOY ( PENH)
BONDAR+ (AACHEN+BI RM+BONN+DE SY+LOI C+MPIM)
ZeGi T ~ GUIRAGOSSIAN (LRL }
V HAGQPI ANp W SELOVE (PENN)
VEILLETy HENNESSYg BIHGHAMy BLOCH+( EPOL+MILAN)

ADERHOLZ 64 PL 10 240
BRUYANT 64 PL 1 0 232
LEE 64 PRL 12 342
SODICKSO 64 PRL 12 485

AACHEN~BERLIN~BERL IN~BONN~HAMBURG LQIC~MPI I J
BRUY ANT GOLDBERG HOL DER FL EURY+ (C ER N+E POL) I
LEEt ROE ~ SINCLAIR' VANDERVELDE ( M ICH)
SODICKSON g WAHLI G g MANNEL( I gFRI SCH+ ( MI T) I

BARMIN 65
BARMI N 65
CHUNG 65
DERADO 65
GUI RAGOS 65
WANGL ER 65

SJNP 1 230
SJNP 1 623
PRL 15 325
PRL 14 872
PRL ll 85
PR 137 8 414

+DOLGOLENKO ELENSKY EROFEEV+ ( I TEP MOSCOW) JP
+DOLGOLENKG+ERQF EEV+KR ESTNIKQV+ ( ITEP MCSC )
CHUNG pDAHL gHARDY p HESSp J ACOBS g K IRZ ( LRL)
DERADO KENNEY PQIRIER SHEPHARD ( NOTRE DAME)
Z G T GU IRAGQSS IAN (LRL )
T P WANGLE RgA R ERWINgW WALKER (WISCONSIN)
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Particle Data Group: Review of particle properties S133

Data Card Listings
For notation, see key at front of Listings.

Me sons
f(12"/0), g{1275), D{1285)

ACCENSI
JA CGBS
WAHL I G

66 PL 20 557
66 UCRL —16877
66 PR 147 941

ACCENSI t ALLES BGRELLI v FRENCHY FRISK+ ( CERN )
L 0 ~ JACOBS' THESI S (LRI )
+SHI BATAAN GGRDGNg FRISCH» MANNELLI (NIT+PISA) J 8 0( 1285 s JPG=l++) I=Q

BAR LOW
BE USCH
DA HL

EI SNER
PG IRI ER
RA BI N

67 NC 50 A 701
67 PL 25 B 357
67 PR 163 1377
67 P R 164 1699
67 PR 163 1462
6? THES IS

ARNENIS E
A SCQL I
BO ES EBEC
FOSTER
JOHN SGN
LAMSA
WHI TEHE A

68 NC 54 A 999
68 PRL 21 1712
68 NP 8, 4 501
68 NP 8 6 107
68 PR 176 1651
68 PR 166 1395
68 NC 53 A 817

ADERHOLZ
AGUI LAR-
ARMENIS E
CASG
DONA LD

e9 Np 8 11 259
69 PL 29 8 241
69 LNC 2 501
e9 NC 62 A 755
69 NP 8 1 1 551

BARDAOIN 71 PP. D4 2711
BEAUPRE 71 NP B 28 77
FARBER 71 NP 8 29 237
FLATTE 71 PL 34 B 551

AGUI LAR 70 PRL 25 58
ARMEN IS E 70 LNC 4 199
BADIER 70 NP 8 22 512
OH 70 PR 0 1 2494
STUNT EBE 70 PL 32 B 391

+L ILLESTQL+MONTANET+ ( CERN+CDEF+ IRAD+L IVP I
+FISCHER»GGBBIsAST BURY+ ( ET H+C ERN )
+HARDY+HE SS+KIRZ+ MILLER ( LRL)
+J GHiVSEN+KLE IN+PET ERS+S AHN I+YEN+ ( PURDUE )
+BI SHA SCCA SCN»DERAOOgKE NNEY+ ( NDAM+PENN )
M ~ RABIN (RUTG ER S)

+FGRINC+CARTACCI+ (BARI+BGNA+F IRENZE+GRSAY)
G ~ ASCGLIg H ~ B ~ CRAWLEY' 0 ~ W»NQRTARAy+ ( ILL)
BOESEBECK» DEUT SCHMANN»+ (AACHEN+BERLI N+C ERN )
+GAV ILL ET+LABROSSE+NQNTANET+ (CERN+CDEF )
+PQI RI ER y BI SWAS p GUTAY+ (NDAN+PURD+SLAC )
+CASQN+BI SWA S+DE RA DO+GROVES+ ( NOT REDAME )
+MCEWEN~ GTT& AITKEN+ ( A E RE+ SHMP+ t. GUC )

+BARTSCHg+ ( AACH+BERL+CE RN+ JAG L+ WARS)
N AGUI LAR-BE NIT E Zr J ~ BARLOW» + ( CERN+CDEF )
+GHIDINI ~FGRINOiCARTACCI+ (BARI+BGNA+F IRZ)
+CONTE g 8 EN Zy + ( GE NO+DES Y+HAMB+MI LA+ SAC L I

+EDWARDS gBURANy BETTI NI »+ (LI VP+GSLO+PADO)

AGUI LAR-BENI TE Z q BARNES q EiASS ANO» + ( BNL+5 YRA )
+GHI0 INI gF QRI NG )CARTACC I g+ (BARI+BGNA+F IRZ )
+BONNET DREV ILLGN BAUB ILL IERy+ ( EPOL+IPNP )
+GARFI NKEL, MORSE p WALKERePRENTI CE(W ISC+TNTOJ )
STUNTEBECK, KENNEYgDE ERY»BI SWAS»CASON+ ( NDAM)

BARDANIN-GTWINOHSKA HQF NQKL, + (WARS )
+DEUTSCHMANNg GRAESSL ERg + (AACH+BERL+C ERN)
+DE PI NTQ» BI SHAS, CAS QN» DEERY» K ENNEY» +( NDAM )
+ALSTON-GARNJGSTpBARBARG-GALTI ERI »+ (LBL)

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

8 D MASS (MEV)

(1290 ~ )
1283 ~ 0
1 290 ~

(1310~ 0)
1270~ Q

1285 ~

1303» Q

1283 0
150 1292»
180 1286
500(}.280 )
210 1279.0

85 1295 ' 0
34(1271 Q}

320 1282 0
200 1 288 0
46(1275 ~ 0)

103 1283 0

APPROX ~

5 0
7 ~

10 0
7 ~

8 ~ 0
6»0

10»
3»

(3 )
5»0

12 ' 0
(10 01

2 ~ 0
9.0

A P PROX
3 ~ Q

BARLQH
DAHL
C-ANDLAU
DEFOIX
CAMPBELL
LORSTAD
BARDAOI N

BOE SE BEG K

DEFG IX
DUBGC
THUN
GRAS SL ER
CORD EN
CQRDEN
NACASCH
G URTU
ST ANTCN
0 IGNI SI

67 HBC
67 HBC
68 H BC
68 HBC
69 DBC
69 HBC
71 HBC
71 HBC
72 HBC
72 HBC
72 MMS

77 HBC
78 QMEG
78 OM EG
78 HBC
79 HBC
79 CNTR
80 HBC

1.2 P BAR Py 4PF S
1 6-4»2 P I- P

1 2 PBAR Py 5M PFS
1,2 PB Pp7 PI
2»7 PI+ D

0 ~ 7 PB Pp 4»5-BODY
8 PI+ P» P+6P I
16 0 Pl Pg5 Pj
0 7 PBAR Py? PI

2 P BAR P gZK4P I
13.4 PI — P
16» P I-+ P
12-15PI-P, N 5P I
1 2- 15P I —P ~ K+ K- P I
~ 7+»76 PB P» KKBP
4 ~ 2 K- P»ETA 2PI
8»5PI-P» 2GAM 2P I
4 Pj — PgK KB PI

5 /67
10/66
6/68
3/69
8/69
9/69
9/69
e/71
1 /73

12/7Z
12/72
11/77
4/78+
4/784
4/ 78+

12/79~
12/794
12/794

P FROM PHASE SHIFT ANALYSI S OF ETA PI+PI — SYSTEM ~

S SEEN IN THE MISSING MASS SPECTRUM

~ » ~ ~ ~ ~ ~ ~ ~

AVG 1283» 8 1»2 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF I 0 )
STUDENT 1283.7 1 ~ 4 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

AGUIJ AR 72
Bj SWAS 72
FGGL I 7Z
GRAY ER 72
JACOBS 72
KEMP 72
SC ARROT T 72
TA KAHAS H 72
WH I TEHEA 72

PR D 6 29
PR D 5 1564
NC 8 A 670
P HI L C CNF ~ PROC ~

PR D 6 1291
NC 8 A 611
LNC 3 271
PR D 6 1266
hlP 8 48 365

ANDERSCN
BU GG

CHAR LESW
HYAN S
TQET

73 PRL 31 562
73 PR 0 ? 3264
73 NP 8 65 253
73 NP 8 64 134
73 NP 8 63 248

EI SENBER 74 PL 528 239
ENGLEP 74 PR 010 2070
GRAYER 74 NP 8 75 189
HQLLQHAY ?4 PR D9 1161
LGUI E 74 P L 48B 385

AGUILAR-BENI TEZ, CHUNG, E ISNER, SAMIGS (eNL)
+CASGN g HARR I NGTONp KENNE Yy SHE PH ARD ( NDAM)
FQGLI —MUCI ACCI Ap PI CC I ARELL I ( BAR I )

5 +HYAMS»JONES»SCHLE IN» SLUM& DIETL+ (CERN+MPIM)
L ~ D JACOBS ( SAC LAY)
+NA JOR CONTR I + ( DU RH+ CENO+M I LA+ EPOL+L PNP I
SC ARRQTT, KE MP (DURHAM)
TAKAHASHI, BAR ISH, + {TQHO+P ENN+NDAM+ANL)
WHI TEH EAD» AULD e+ ( AERE+RHEL+S HMP+LGUC )

+ENGLER» KRAENER» TGAF gDIAZg+ (CARN+CASE )
+CONDO, HART, CGHN, ENDORF, + ( TENN+ GRNL+C INC )

CHARLESWQRTHy EMMSy BELL g + (RHEL+BIRM+DURH)
+ JONES»WEI I HAMMERS BLUM» DIETLy+ (CERN+MPIM)
+THUAV» MA JOR»RI NAUDO g+( NI JM+BONN+DURH+TCRI )

EI SEND ERG r ENGLER tHABER» KARSHON+ ( REHO)
+KRAEM ER g TQA FF» HE I SSERg DIAZ+ (CARN+CASE)
G GRAYER HYAMS BLUM D IETL + (CERN+NPIN)
+HUL 0» JORDAN»KOETZ»BERNSTEIN+ ( ILL+ I LLC )
+AL I TTI g GANDOISg CHALOUPKA+ (SACL+C ERN )

W

W

W

W

W

W

W

W

H

W

H

H

W

R
U

R

R

R 150
R 180
S, 500

210
D 85
0 34

320
200
103

AVG
STUDENT

(35 0)
46 '

(40 01
30.0

(60 3

(44 0)
10~ 0

(28 ~ I

(46 1

(37. )
24 ~ 0
70» 0

(55 Q)
28 ' 3
25 ~ 0
29 ~ 0

( 10~ 0)
~ ~ ~

26 5
26. 8

8 D WIDTH (MEV )

(10 ~ 01
20»

15 0
(15
(24 0)

10» 0
(5»)
(9 )
(5 ' )
18 0
30 ' 0

(38 0}
6 ~ 7

15»0
10 0

APPROX

4 ~ 2
7

11/71
2/72

ll/71
8/69

ll. /71
11/71
6/71
1/73

12 /72
I 2/72
12177

4/78~
4/78~
4/78+

I 2/794
12/79+
12/79

1 6-4 ~ 2 P I- P
1 2 PBAR P~ 5-6 PF S

2 PB Pg7 PI
2»7 PI+ D

0.7 PB Pg 4» 5-BODY
8 PI+ P, P+6PI
16 0 Pj P, 5 Pj
0 7 PBAR Py? P9
1.' 2 P BAR P y 2K4P I
13 4 PI — P
1 b. P I-+ P
12-15PI —P» N 5P I
1 2-15 PI -P, K+K-P I

7+ 76 PB Py KKB P
4 ~ 2 K- P»ETA 2PI
4. PI- P gK KB PI
8 ~ 5P I-P» 2GAM 2P I

DAHL
0-AN DLAV
DEFOIX
CAMPBELL
I GRSTAD
BARDADIN
BG ES E8EC K

DEFQIX
DU BGC
THUN
GRASSLER
CORD EN
CG RDE N

NACASCH
GURTU
DIONI SI
ST ANTON

67 H BC

68 HBC
68 HBC
69 DBC
69 HBC
71 HBC
71 HBC
?2 HBC
72 HBC
72 NMS
77 HBC
78 QMEG
78 GMEG
78 HBC
79 HBC
80 HBC
79 CNTR

AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1.0)
AVERAGE USI NG STUDENT10 (Hl 1 11} —SEE MAIN T EXT

EARNS 75 NP B96 155
ESTABRQO ?5 NP 895 :22
HYAMS 75 NP 8100 205
PA WLICKI 75 PR 012 631

DEUTSCHM 76 NP B l03 +26
wE TZEL 76 NP 8 115 208

+K INSQNg STACEYp VQTRUBA+ (BI RN+DURH+RHEL)
P ~ ESTABRQGKS»A ~ D, MART IN ( DURH)
+JONES, WE I LHAMMER, BL UM»DI ETL+ (CERN+NPI M)
+AYR ES g DI E BQL 0» GR E EN E, K RANE Rg W IC KLUND ( ANl. )

+K IRK» +( AACH+B ERL+BQNN+ CERN+CR AC+HE ID+WARS)
+FREUDENRE ICHOR BEUSCH»+ ( ETH+CERN+L GI C )

P
R
S

U

FROM PHASE SHIFT ANALYSIS OF ETA Pl+PI- SYSTEM ~

RE SO(. UTI ON NGT UNF OLDE D

SEEN IN THE HISSING MASS SPECTRUM
UNFOLDED BY DOBRZYNSKI 71

6ALTAY
CA SGN

78 PP. 0 17 62
78 PRL 41 2? 1

ABRAMS
BECKER
CGRDEN
GQRL I CH
LGVE RRE
MART I N

PGLYCHRG

79 SL AC-PUB 2421
79 NP 8 151 46
79 NP 8 157 250
79 CERN1 EP 79-139
79 C ERN/ EP 79-162
?9 NP 8 158 520
79 PR 0 19 1317

AL EXANDE 77 NP 8 131 365
ANTIPQV 77 NP B 119 45
PAWL ICKI 77 PR D 15 3196

ALEXANDER' CGRDENg+ (TELA+BIRN+RHEL+LGHC)
+BUSNELLQ»DANGAA RD»KI ENZt. E»+ (S ERP+GEVA)
+AYR ES»COHEN pD IEBOLD g KRAMERpHI CKLUND (ANLI

+CAUT I Sg COHENS C SORNA g SN I TH g YEH e+ (COLU+8 I NG)
+BAUNBAUGH 8 ISHOP»BISWAS»KENNEY»+( NDAN+ANL I

+ALAN' BLOCKER' BOYARSKI g+ ( SLAC+ LB L I
+BLANAR»BI UNgCERRADA+ ( NPIM+CERN+ZEEM+CRAC)
+0 OWE L L, GARVEY, JOB ES,+ ( BIRM+RHEL+TE LA+ LEWC )
+NI CZY PGRUK RGZANSKA+ ( CRAC+MP IM+CERN+Z EEN)
+ARMENTERGS»DIQNISI+ ( CERN+CDEF+MADR+STGHI
+GZMUTLU ( DURH)
PGLYCHRCNAKGS CASGN BIS I"GP+ (NDAN+ANL )

Pl
P2
P3
P4
P5
P6

8 0 PARTI AL DECAY MGDES

0 I NTG K KBAR PI
D INTO PI P I RHG
D I NTG ET A PI P I
0 INTO DELTA P I
0 INTO ZP I+ 2P I-
0 INTO K+ KBAR

8 0 BRANCHING RAT IGS

DECAY MA SSES
497+ 497+ 134
134+ 134+ ? 76
548+ 134+ 134
981+ 134
139+ 139+ 139+ 139
89 2+ 497

q(jaV5)
QQQQQQQQ~c Q~QQ cQQQQ

3? ETA( 1275' JPG=Q-+ I I=O

SEEN I N PHASE SHIFTS ANALYSI S OF THE ET A P I+ P I—
SYSTEM WITH P I+ PI — IN AN S-WA VE ( STANTQN 79)
WAI- T CGNF I RMATIGN OMITTED FRQN T ABLE ~

37 ETA(1275) MASS ( NEV)

Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2
R2
R2
R2
R2

D INTO (PI PI RHO) / (K KBAR PI )
(2» 03 QR LES S DAHL 67 HB C

(4» 0) OR LESS DONALD 69 HBC
THIS IS FOR (RHOO PI+ PI-)/{K KBAR PI0)

( P2) /( P 1)
CHARGE D P I QNL Y 10/66
1 ~ 2 PBAR P» 5 P+

0 INTO
K R

K

AVG
STUDENT

(K K BAR
0.166
0 ~ 16
0 ~ 20
0. 5
0 42

~ ~ ~ »

0 ~ 200
0 196

P I )/(ETA
0»055
0 ~ 080.08
0»2
0 ~ 15

» ~ »»
0 ~ 042
0 042

Pj PI )
DEFQ IX
CAMPBELL
DEFGI X

CGRDEN
GURTU

( Pl) /(P3)
68 HBC 1 2 PBAR P
69 DBC 2 ~ 7 PI+ 0
72 HBC 0 7 PBAR Pg? PI
78 QM EG 1 2-15 PI —P
79 HBC 4.2 K- P

I. /73
I /73
1/73
4/784

12/794

AVERAGE ( ERROR I NCLUDE S SCALE FACTGR OF 1 1 )

AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

{1275. ) APPROX STANTGN 79 CNTR 0 8.4P I-Pv ETA 2PI 12/79+ R2
R2
R2

K K KBAR SYSTEM CHARACTERIZED BY THE I=1 THRESHCLD
K ENHANCEMENT ( SEE UNDER DELTA(980 ) )

R REV IS ED BY DEFOIX 72

37 ETA( 1275) WIDTH ( NEV)

( 70. I APPROX ~ STANTCN 79 CNTR 0 8 4PI-Pg ETA 2P I 12/79&

37 ET A( 1275 ) PART I AL DECAY MODES

Pl
P2

E TA(12753 I NTO DELTA PI
ETA ( 1275) I NTD ETA P I+ P I—

DECAY MASSES
981+ 139
548+ 139+ 139

37 ET A( 1275) BRANCHING RATIOS.

Rl ETA(12751 INTO DELTA PI (Pl)
Rl LARGE STANTCN 79 CNTR 0 8 4PI-P» El A ZPI 12/79+

R3
R3
R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4
R4
R4
R4
R4
R4.

D INTO ( DEL TA

SEEN
(0 ~ 8)

1 0
0 ' 6
0» 72

PI) l(ETA PI PI )

(0»2)
0»3
0»3
0»15

(P4) /(P3 )
DEFGI X 68 HBC PBAR P I/804
DEFQIX 72 HBC 0.7 PBAR P, 7 PI 1/73
GRASSLER 77 HBC 0 16. PI-+ P ll/77
CORDEN 78 QMEG 12-15PI—P 4/78~
GURTU 79 H BC 4 2 K- P 12/79»I'

AVG
STUDENT

»» ~ ~ ~

0 74
0 73

» ~ ~ ~

0 ~ 12
0 ~ 13

AVERAGE ( ERROR INCLUDES SCAI E FACTOR OF 1 ~ 0)
A VERAGE 0 SI NG STUDE NT1 0(H/1 ~ 1 1) —— S EE NA IN T EXT

0 INTO (2PI+ ZP I — ( INCL RHQ

5Q (0 55 ) OR MORE
0 ~ 46 0 ~ 15

(0 ~ 4) OR L ES5 CL= ~ 95
0 ~ 32 0 20

PI PI) )/(ETA PI+ PI —)
(P5) /(2/3P31

16 P I+- P g P 5P I 11171
16 ~ P I-+ P 11/77
1 2-15PI -P 4/78~
4 2 K- P 12/79+

BQ ES EBECK 71 HBC
GRASSLER 77 HBC
CGRDEN 78 ONEG
GURTU 79 HBC

AVG
STUDENT

~ ~ 0 ~ ~ 0

0 41
0 ~ 41

~ » ~

0 12 AVERAGE (ERRGR INCLUDES SCALE FACTOR GF 1 0)
0» 13 AVERAGE USING STUDENT10(H/1 11) -- S EE MAIN TEXT

R5
R5

0 INTO (K& KBAR) /TOTAL
NOT S EEN NACA SH

(P6)
77 HBC 7+ ~ 76 PB PyKKBP 12/77

STA"'TGN 79 PRL 42 346

REFERENCES FOR ET A (1275 )

+BRGCKMAN» DANKQWYCHg+ (OSU+CARL+MCGI+TNTO) J P

O»I'WO»I:AWJCA 44WO4O4OW AJC4»)'4'4444
44 4 4W44W4

R6
R6

D INTO ( RHOO PI+ PI —) /( 2PI+ 2PI-)
1 0 0 4 GRASSI ER

( P2/P5)
77 HBC 16 GEV PI~ — P 11/77
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Me sans
D{1.285), e{1300)

Data Card Listings
For notation, see key at front of Listings.

D- ANDLAU
MILLER
BARLOW
DAHL
C- AiNDLAU
DEFOI X

65 PL 17 347
65 P RL 14 1074
67 NC 50 A 701
67 PR 163 1377
68 NP 8 5 693
68 P L 28 8 353

REF ERENCES FOR D

+BARLOWg ADAMSONg+ ( CDEF+CERN+IRAD+LIVP)
+CHUNG g DAHL g HE SS g HARDY g KI RZ g+ ( L RL+UC 8 )
+MONTANETg 0-ANDLA U+ ( CERN+CD EF+ IRAQ+ I IVP)
+HARDY+HESS+KIRZ+MILLER (LRL ) I JP
+A ST I ER g BA RLOW+ ( C DE F+C E RN+ I RA D+ L I V P ) I J P
+RI V ET g S I AUD g CONFORTO+ (CD EF+IPNP+C ERN)

BINNIE 73, ENGLER 74} . However, the region is
complicated by the simultaneous presence of the S*

resonance and the opening of the KK channel,

CAMPBELL 69 PRL 22 1204
DCNALD 69 NP 8 1 1 551
LORSTAD 69 NP 8 14 63
QThINOWS 69 PL 29 8 529

AMMAR 70 PR D2 430

BARDADIN 71 PR 04 2711
BOESEBEC 71 PL 34 8 659
GOLDBERG 71 LNC 1 627

BE RE NYI
CHAPMAN
DEFOIX
DUBOC
THUN

72 NP 8 37 621
72 NP 8 42 1
72 NP 8 44 125
72 NP 8 46 429
72 PRL 28 1 733

VU ILLEIMI 75 LNC 14 165
WELLS 75 NP 8 101 333

HANDLER 76 NP 8 ). 10 173
VUILLEMI 76 NC 334 133

GRASSLER 77 NP B 121 189

CORDEN 78 NP 8 144 253
IRVING 78 NP 8 139 "27
NACASCH 78 NP 8 135 203

GURTU 79 NP 8 1 51 181
STAiNTQN 79 PRL 42 346

DION IS I 80 CERN —EP 80/I

+GA VI L LET g 8 LOKZI J L g+
+BROCKMANgDANKOWYCHg+

(CERN+ Z EEM+NI J M+OX F )
( OSU+C A RL+MCGI + T NTQ) J P

+GA VILLE Tg ARMiE NTERQS+ ( CERN+MA CR+CDEF+STOHI

+L 1CHTMAN, + ( PURD)
+EDWARDSgBURANg BETTI NI g+ (LIVP+OSLO+PADO)
8 ~ LORSTADg D ANDLAUgASTI ER g+ (CDEF+CERN) JP
S ~ OTWINOWSKI ( WAR SA W)

+K RO P AC g DA V I S g D E R R I C K+ ( KA N S+ N WE S+ A N L+ W I S C )

BARDAD IN-CTWI NOW SKAg HOF MQKL PM I CHE JDA+( WAR'S )
( AACH+8 ER I+BONN+ C E RN+C R AC+HE I 0+ WAR S )

+MAKOh SKI g TQUCHARD gDONALDg+ ( IPN+L IVP) JP

+PRENTICE g ST EENBERGg YQQ N ~ WALK E R (TNTO+W ISC )
+CHURCH gLYSg MURPHYg RI NGg VANDER VELDE (MICH)
+NASCIMENTQg BI ZZARRI g+ (CDEF+CERN)
+GOL DB ERG g MA KOWS K I g DONA( D, + (L PNP+L IVP )
+OLI EDEN F INOCCHIARQ BOWEN + (STON+NEAS)

VUIL LE MI N g+ ( LAUS+ NEUCgL PNP+LIVP+GLAS ) JP
+RADQJICICg ROSCOEg LYONSg+ (OXF )

+PLANO BRUCKER KQLLER+ (RUTG+STE V+SETO)
VUILLEMIN+ (L AUS+NEUC+LP NP+L IVP+GLAS)

+( AACHEN+8 ERL IN+BONN+C E RN+CRACOW+HE I 0+ WAR S)

+CQRBETTgALEXANDER g+ ( BIRM+RHEL+TELA+LCWC) JP
A ~ C ~ IRVING H ~ R ~ S EPANGI (L IVP )
+DEFOIX g DQBRZYNSKI g+ ( PARI 5+MAORI 0+CERN)

permitting almost discontinuous jumps from one

solution to another.
Without polarization in formation, the reaction

YTN ~ Ti'tTN cannot be analyzed unambiguously due to the

fact that there are more helicity amplitudes than

observables (see, e.g. , DONOHUE 75). Thus one is
obliged to make some supplementary assumptions.

An amplitude analysis (ESTABROOKS 74) of the
+largest 7T p (unpolarized) ~ TT YT n experiment (HYAMS

73, GRAYER 74) still finds both the "up" and the
"down" solutions. This analysis assumes both spin

caherence (the unnatural-parity-exchange, s-channel

helicity amplitudes are nucleon spin- f lip, i.e. ,
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

e(1300) 14 EPSILON(1300 OPO"-0++I I=O

S-Nave 7TTT and KK Interactions

In this note we discuss information on the
G PC + ++non-strange I J = 0 0 partial wave (S wave)

coupled ta the 7TTl and KK syst. ems .
Near the YTTl thre sho ld the S wave shows na

resonant behavior. For a discussion of the relevant
scattering lengths and various resonance-like
kinematic e ffects, see our 1978 edition.

Up to the p meson mass region, the phase shift
is (qualitatively} uniquely determined: it. rises

monotonically and reaches 60 to 70 near 700 MeV

(SONDEREGGER 69 I BATON 70 g BAILLON 72 CARROLL 72 g

FRENKIEL 72 GAIDOS 72 ~ PROTOPOPESCU 7 3 HYAMS 73

OCHS 73, ENGLER 74, ESTABROOKS 74, 75, GRAYER 74) .
In the early phase-shift analyses two solutions

for h0 were found (the "up-down ambiguity") in the

700 to 900 MeV region. The "up" solution corre-
sponds to an E. resonance under the p meson with

mass and width similar to the p meson, the E:(800).
The "down" solution is characterized by an approxi-
mately energy —independent phase shift of almost 90

showing no resonant behavior. This ambiguity was

considered resolved in favor of the "down" solution
by the abservation of a very rapid decrease in the

modulus of the S-wave amplitude between 900 MeV and

the KK threshold, followed by a sharp drop in the
elasticity. 6 is -90 at about. 900 MeV and reacheso

0
-180 around 990 MeU (FLATTE 72, GAIDOS 72, HYANS 73,

no A —like exchange) and phase coherence {the1
S-wave amp 1i tude and the unnatural-par ity- exchange,
meson helicity-zero P-wave amplitude have the same

phase). These assumptions may tend to bias the
results (MORGAN 74, DONOHUE 75, 79).

The advent. of 7T p (palarized) ~ TT TT n data
(BECKER 79) has made both the spin coherence and

phase coherence as surnpt ion s unne ces sary. Analyzing

their data in a model-independent way, BECKER2 79

also f ind both the "up" and the "down" solutions.
+ + — ++

The reactian 7I p ~ Tl Tl 6 has been analyzed

in the region 660 to 860 NeV (OWENS 76, DONOHUE 79}

and in the region 600 to 920 MeV (GELFAND 78),
++

using all the infarmation carried by the 5 decay.

The conclusion from both analyses is that the c (800)

of the "up" solut. ion cannot be ruled out.
In a coupled-channel fit of various pole

parametrizations to both TTTT ~ TITf (ESTABROOKS 74)

and TT7T ~ KK data {CASON 76, PANLICKI 77}, ESTABROOKS

79 finds a pole located at 720 to 800 MeV with a

width of 800 to 1000 MeV. Note that the "down"

solution of ESTABROOKS 74 was used as input to this
analysis. Further indirect information comes from

clast. ic 7TTT scattering in the crossed channel

(ELVEKJAER 72, NIELSEN 70, 72) in agreement with the
"down" solution, but not with the "up" solution.

The only way to rule out, the "up" solution at
present is to study the TT TT system, where the "upgg

solution predicts a p-meson-like bump unmasked by

the p meson. With the exception of one experiment

(DAVID 77), all the Tl Tl experiments agree that no0 0

Rev. Mod. Phys. , Vol. 52, No. 2, Part ll, ApriI 1980



Particle Data Group: Review of particle properties 8135

Data Card Listings
For notation, see A, ey at front of Listings.

Me sons
e(r3OO)

such bump is present and that the "down" solution
describes the data well (DEINET 69, BENSINGER 71,
APEL 72 g 79 g BRAUN 73 SKUJA 7 3 RIESTER 75 p

BORREANI 79).
The region of elastic 7T7T scattering is known

to extend to about 990 MeV, near the KK threshold
(BATON 70, CARROLL 72' PROTOPOPESCU 73~ HYAMS 73,

OCHS 73). Beyond 1 GeV we therefore have to
consider the two channels 7T7T and KK. In addition,
the solutions have inherent ambiguities related to
the Barrelet zeros of the amplitudes. Thus HYANS 75

find four solutions in the region 1.0 to 1.8 GeV,

ESTABROOKS 74 find eight solutions, and CORDEN 79,
extending the 7T7T analysis to 2. 08 GeV, find
another eight solut ions.

In the past many of these solutions have been

ruled out. by imposing continuity in various ways,

as well as analyticity and unitarity (FROGGATT 75,77,

COMMON 76, MARTIN 78).
+

Now that, data on 7i p (polarized) ~ 7T 7T n are
available (BECKER 79), t:here is no need for such

arguments. The model-independent. partial-wave

analysis of BECKER2 79 selects solution g' of
MARTIN 78 and possibly solution g.

The g and g' amplitudes describe the experi-
mental moments in each bin without any explicit
smoothing; they are analytic in s and approximately
analytic in cose. They take into account all waves

up to %=4. The g solution has a highly elastic
S wave, whereas the S wave of solution g' is some-

what inelastic (MARTIN 78). The unique solution of
FROGGATT 77, which has explicit smoothness built in
and which takes account only of R&~3 waves, is
rather similar to g. However, it has problems with

unitarit:y, apparently because of I the neglected
G wave (MARTIN 78).

The S wave is clearly resonant in the data of
BECKER2 79. In the 1150 to 1400 MeV region both

the S-P and S-D phase di fferences show the presence
of a broad resonance, and the intensity of the
S wave confirms this by exhibiting a peak at about:

1300 NeV with a width of about 300 MeV; see

Fig. 1 (a) .
+

The amplitude analysis of the 7T p ~ Tl 77 n

experiment of CORDEN 79 has two preferred solutions
which are close to 8 and P ', giving some support
for an E, (1300). Also the S wave in the 77 7T system0 0

1.0-
eo)P

0.6 0.8 1.0 1.2 1.4 1.6 1.8
~«(6~V)

400
lsel'—

300—

Qu 200—

100—

l '2
IS0l

Ql

— ttt,
0 10-t

0.05-

cj-

0
0.9 1.3 1.5

mq. q-(Gev)

I

1.1 l.3

Fig. l. (a) The absolute intensity (in pb) of the
Tl 77 S wave in 40 NeV bins (without dividing by the
bin size), as given by the "down" solution of
BECKER2 79. (b) Absolute intensity (in pb/GeV )
of the K K S wave, as given by the favored solution
of coHEN 78, for lt l

& 0.08 Gev . {c) The absolute
intensity (in pb/40 NeV bin) of the K K S wave, as
given by the favored solution of GORLICH 79.

tends to conf irm the c (1300) by staying near its
unitarity limit around 1200 NeV (APEL 79) .

Independent evidence for the c (1300) comes

from studies of the KK systems. In the reaction
0 0

7I p ~ K K n, the S wave exhibits a large intensity
in the 1300 NeV region (WETZEL 76, LOVERRE 79),
with some evidence for a bump. Moreover, the ( YO )2

moment shows a large negative excursion indicating
S-D interference (CASON 76, WETZEL 76, LOVERRE 79,
POLYCHRONAKOS 79). The main problem is the isospin
of the bump: if OPE were the only mechanism, I=O

would be assured. However, an I=1 non-OPE contri-
bution in the same region cannot. be,excluded.
Noreover, the I=1 K K system does show some0

peaking (MARTIN 79), so one will possibly have to
0 0disentangle two resonances in the K K bump.S S

In agreement with this, the K K system
+produced in 7T p, Tl n, and 7T p (polarized) scatter-

ing clearly shows the S wave peaking at. 1300 NeV;

again, both I=O and I=1 may be present, . While

PAWLICKI 77, COHEN 78, and GORLICH 79 favor I=O,
MARTIN 79 concludes that. the isospin cannot be
assigned unambiguously. The experiments disagree
on the strength of the C(1300) coupling to KK.
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Me sons
e (1300)

Data Card Listings
For notation, see k, ey at front of Listings.

The ANL group (PANLICKI 77, COHEN 78) find a

relatively narrow F with a width -&00 NeV [see
Fig. 1(b)j, whereas the GORLICH 79 peak is smaller
and broader |see Fig. 1(c)]. Part of the disagree-
ment may be due to model-dependent assumptions in

the ANL analysis. Note, however, that. the S—wave

amplitude and phase of the ANL experiment are
impossible to fit with an S* and a narrow c (1300)
(NARTIN 79) . On the other hand, the ANL S-wave

14 EPSILON MASS (MEV)

(1256 0}
( 1270 ~ I APPROX ~

(1300, } APPROX
(1300 ) APPRQX ~

FRQGGATT 77 RVUE P I+P I— CHANNEL
MART IN 78 RVUE P I+PI — CHANNEL
PAWL ICKI 77 SPEC 6 ~ PI Np K+ K — N

PCLYCHRON 79 ST RC 7 ~ P I —P p KS KS N

12/77
12/77
12/77
12/790

amplitude and phase are quite well described by an
S* and a broad F (1300), jus t as are the ampli tude

and phase of GORLICH 79.
Thus in summary of the 1000 to 1400 NeV region:

the C(1300) exists, it is about 300 NeV wide, and

it couples to KK with a branching ratio of the
order of 7-o (GORLICH 79, LOVERRE 79) or & 10-o

(ESTABROOKS 79, GREENHUT 79). The elasticity of
the 8' solution (NARTIN 78) also seems to be of
this order of magnitude.

Above the K(1300) resonance the phase shift
has completed a full circle in the Argand plane,
as witnessed by the almost. vanishing amplitude near
1550 NeV (BECKER2 79, GORLICH 79).

B I ZZARRI
DA V I SON
DE I NET
ELY
FE LDMAN
GUTAY
HALL
HOPK I NSO
MAL AMUD
MORGAN
ROBERTS
SC HARENI
SCHA REN2
SM ITH
SCND E RE 6
STRUGAL S

ALSO
WAGNER

69 NP B14 169( SEE P ~ 1
69 PR 180 1333
69 PL 30 8 359
69 PR 180 1319
69 P RL 22 316
69 NP 8 12 31
69 NP 8 12 573
69 NC 59 A 181
69 ARGQNNE CONF P ~ 93
69 NP B 10 261
69 PL 29 B 368
69 A RG Q'h N E CONF 306
69 P R 186 1387
69 P RL 23 335
69 SEE BASDEVANT 72
69 PL 29 B 5l. 8
70 NP 8 24 358
69 NC 64 A 189

901+FCSTER gGA VI LLETgGHE SQUI ERE+ ( CERN+CDEF )
+BACASTOWgBARKASy+ ' ( UCR+ UC B )
+MENZI ONE g MULLER' STAUDENMAI ERg + (KARL+CERN )
+GIDAL g HAGOP LAND+ ( UC8+ LOUC+ W I SC I

+FRATI yGLEESONy HALPERNt NUSSBAUMf+ ( PENN)
+CARMONYy C SQNKA g LOEFFLERgME I ERE ( PURDUE )
+MURRAY' R I DD I FORD ( BI RMI NG HA M )

J~ HOPKI NSQNg R ~ G ~ ROBERTS (CERN)
E MA LA MUD g P SCHLE IN (UCLA)
D. MORGAN' G. SHAW (RHEL}
R. G RCBERTSg F ~ WAGNER (CERN)
SCHAR ENGU I VE L ( PURDUE)
SCHARENGUI VE L ( PURD+LRL+CERN+COLO+P ENN+TNTO )
G A.

SMITHS'

R J ~ MANNI NG ( MSU+ LRL l
SQNDEREGGERy BONAMY ( SACL }
+CHUVILQgFENYVES g+ (WARS+ J I NR+ BUD A)
STRUGALSK I gCHUVI LQgF ENYVE Sg GE MESYp+ (DUBNA)
F ~ WAGNER l CERN)

BARTSCH
BATON
BROD Y

DLAZ
HYAMS
MA UNG
MORG AN1
MORGAN 2
NI EL SFN
QH
SCHARENG
SHIBATA

70 NP 8 22 1
70 PL 33 8 528
70 PRL 24 948
70 NP B 16 239
70 PHIL AD CONF ~ P .41
70 PL 33 8 521
70 SPRINGER TRACTS MO

70 PR 0 2 520
70 NP 8 22 525
70 P R 0 1 2494
70 NP 8 22 16
70 PRL 25 1.227

+KEPPEI, GENSCH, MQRRI SON, + (AACH+B ERL+C ERN )
+LAURENSgRE IGNI ER ( SACLAY)
+GROVES' VANBEP Gp MAGL IC+{P ENN+R UTG+UP N J+ANL }
+GAVI L LET g LABROS SE g MONTANET+ ( CERN+CDEF )
+SCHLE INg BEUSCHg+ t CERN+MPI M+E TH+ LCI C+HAWA}
+MAS EK gMILLERg RUDERMANg VERNON' + (UCSD+LRL )
0 PHYS ~ pVOL ~ 55' P ~ 1 MORGAN' PISUT{ RHEL~CERN)
D MORGAN' G SHAW ( RHEL )
+ LYNG- PETE RS EN i P I ET ARI N EN (NORD IT A )
+GARF I NKEL g MORSE g WA1 KF R UNPRE NTI CE ( W I SC+T NTOl
SCHARENGUIVELgGUTAYg MILLER'+ (PURD+PENN)
+FR I SC H, WAHL I G {HIT)

AL STGN-G
BA NA IGS
BEAUPRE
BE NS INGC
DUBAL
GU IL LOU
GUTAY
HAliI LTGN
KIM
LYNG PET

71 PL 36 B 152
71 NP 8 28 509
71 NP 8 28 77
71 PL 36 8 134
71 NP 8 32 535
71 NC 5 A 659
71 NP 8 27 486

ALSTQN-GARNJOST BARBARO-GALTIERI + (LBL)
+BER GFR t DUFLOy GOLD ZAHL y COTT ERE A+ ( SAC I+CAEN )
+DEUTSCHMANNg GRAESSLERp+ (AACH+BERL+CERN )
BENSINGERvERWINv THOMPSON' W ~ 0 ~ WALKER (WI SC)
L DUBALy D ~ J ~ BROWN (CNRC+CARL)
LE GUI L LOU v MOREL' NA VEL ET (CERN)
+SCHARENGU I VEL 1 F UCHS

GAGA

IDOS 1MI LLER y+ ( PURD)

APEL
BA ILLQN
BA SDEVAN
BPODY 1
BRODY 2
CARROLL
ELVEKJAE
FLATTE
FR ENKIEL
GA IDOS
PRASAD
NIELSEN
WHITE HEA
WI LL I AMS

ZYLBERSZ

72 PL 41 8 542
7Z PL 38 8 555
72 PL 41 8 178
72 PRL 28 1215
72 PRL 28 1217
72 PRL 28 318
72 NP 8 43 445
72 PL 38 8 232
72 NP 8 47 61
72 NP 8 46 44'9
72 PR 0 6 3216
72 NP 8 49 586
72 NP 8 48 365
72 PR D 6 3178
72 PL 38 8 457

+AUSLANDER ~MULLER i BERTOLUCC I e+ ( KARL+ PI SA)
+CARNEGIE' KLUGEel EITH, LYNCHeRATCLIFF+(St AC)
BASDEVANT' FROGGATTvPETE RSEN (CERN}
+GROVES' MAGLICHg NOREMg+ (PENN+RUTG+UPNJ)
H BRODY ( PENNSYLVANIA)
+D I A MOND v F I RE 8 AUGH v M A TTHE W S 1+ ( W I SC+ T hT 01
F ~ EL VEKJ AER (AARHUS)
+AL STQN-GARN JQST g BARBARG-GALT I ER I g {LBL)
+GHESQUIER E g l ILL E STOL gC HUNG g+ (CDEF+C ERN)
+MC I LWA I Ng THCMPS ONg W I LL MANN (PURDUE}
+8 RE HM (UNIV OF MASSACHUSFTTS)
H NI ELS ENg G ~ OADES (NORD+AARHUS)
WH I T EH EADEM AULD y+ ( AER E+RH EL+S HMP+L CUC )
P K ~ W ILL IAMS ( FSU)
ZYLBERSZTE JN, BAS I LE BQU RQU IN, + (G EVA+SACL)

AhJQS
BANALGS1
BANAI GS2
BA SDE VAN
BEIER
8 INiNI E
BRAUN
HY AMS

FOR
OCHS
P I LKUHN
PROTQPOP
RISSER
SKUJA

73 NP 8 67 37
73 PL 43 8 535
73 NP 8 67 1
73 AI X CCNF ~ P 220
73 P RL 30 399
73 PRL 31 I 534
73 PR D 8 3794
73 NP B 64 134

CTHE R RE SiJLTS ON

73 THESIS
73 NP 8 65 460
73 PR 0 7 1280
73 PL 43 8 68
73 PRL 31 653

SAME

+D ~ LEVY' A ~ SANTORO ( SAC LA Y)
+COTTEREAU gFABBRI g+ (5 ACL+CAEN+FRAS )
+BERGERgGDLOZAHLgCOTTEREAUg+ (SACL+CAEN)
J ~ L ~ BASDEVANT RAPPORTEUR TALK (PARIS VI }
+BUCHHOLZ, MiANN, PARKER, ROBERTS ( PENN)
+CARRY DEBENHAM gDUANE GAGA RBUTTy+ ( LOI C+ SHMP )
+D CLI NE (W ISC }
+JONES, WEI LHAMME R, BLUM, DIETL, + (CERN+MPIM )

EX PE RI MENT S EE GRAYER 74
THES! 5 ( MPIM)
+SCHMI DT p MAR TINp+ ( KARL+CERN+ LQUC+NI JM)
PROTOPOP ESCUg GARNJOST p GALT IERI gFLATTE+ & LBL )
T RI SSER gM D ~ SHUSTER ( SACL )
+WAHL IG R I SSER PR IPSTE IN NELSCIN + ( LBL)

71 SPRI'NGER TRACTS MOD ~ PHYS ~ g VOLe 57' P.41 J HAMIl TON (NORD ITA )
71 PR 0 4 265 +BANDER (UCI )
71 PHYS REPRTS 2 155 J.LYNG PET ERSEN (REVIEW) ( C ERiN)

14 EPS ILQN WIDTH (MEV)

W E {400 ~ ) APPROX ~ F ROGGATT 77 RVUE P I+PI — CHANNEL
W ( 150 ~ ) APPROX ~ PAWL ICKI 77 SPEC be P I hip K+ K- N

W ( 150. ) APPROX. PCLYCHRON 79 STRC 7 ~ PI-P gKS KS N

E W LOTH DEF INED AS DISTANCE BETWEEN 45 AND 135 DEGREES PHASE SHIFT ~

Qiligilioli+ggi(i QQQQQg pili+ +pili grail i)egg

REFERENCES FOR E P SILQN

12/77
12/77
12/79~
12/77

HAS DEVAN
BONN I ER
CARROLL
ENGLER
ESTABRQQ
GRAYER
JONES
MORGAN
ORI TO
PA SC UAL

74 NP 8 72
74 NP 8 83
74 PR 0 10
74 PR 0 10
74 NP B 79
74 NP 8 76
74 NP B 83
74 PL 51 8
74 PL 48 B
74 NP 8 83

413
440
1430
2070
301
375
93
71
380
362

BASDEVANT FROGGATT PETERSEN (LPTP+NCRD)
8 ~ BONN I ERy N ~ JOHANNES SON (CERN}
+MATTHEWS' WALKER+ ( SLAC+DU KE+WISC+T NTO)
+KRAEMER g TOAFF eWE I SSER gDIAZ+ (CARN+CASE)
P ESTABROQKS gA D MART IN ( DURH )
+HYAMS g JONES gB LUMg DI ETL (CERN+ MPI M )
+A LL I S CNg 5 AXON (CXF)
0 MORGAN ( R I.EL )
+FERRERpPAOLUZI p SANTONICO ( F RA 5+ R CMA }
P ~ PASCUAL) F J ~ YNDURAIN (BARC+MADU)

SAMIQS 62 PRL 9 139

BLCKHINT 63 JETP 17 80
BOOT H 63 P R 132 2314
KI RZ 63 P R 130 2481

BARISH 64 PR 135 8 416
CRA WF QRD 64 P RL 13 421
DEL FABR 64 PRL 12 674
KALiMUS 64 PRL 13 99

JACOBS 66 PRL 16 669
KOPE LMAN 66 PL 22 118
LOVELACE 66 PL 22 332

ANDE R SON 67
CL EGG 67
CQRBETT 67
GUTAY 67
JOHiNS CN 67
MA LA MiUD 67
WALK ER 67
WAL" ER 67

PRL 18
PR 163
PR 156
PRL 18
PR 163
PRL 19
RMP 39
PRL 18

89
1664
1451
142
1497
1 056
695
630

BATON 65 NC 36 1149
BL RGE 65 PR 139 8 1600
BROWN 65 CORAL GABL ES 219
DURA ND 65 P Rl 14 329

+BAC HMANg LEA+ ( BNL+CU hlY+C GLU+K NT Y )

BLQKHI NTSE VA t GREI 8 INNI K g ZHUKQV + ( DUBNA }
+ ABASHIAN ( I RL)
+SCHWARTZ + TR IPP ( LRL)

+ S ELOVE
+ALL ENp GQDDEN gMARSHAL L +
LOVE LACE g HE I NZ gDChlNACHI E

& LRL)
( C QLORADQ+I QWA)

(CERN)

+F UKUI+KES S LER+ (CHI C+ ANL+CNRC+MCGILL+LCQM )
A. B CLEGG {LANCASTER)
+DAMERELL+M I DDL EMA S+NEW TON (OXF+RHE L)
+ JOHNSON+ LOE FFLER+MC I LW A IN+ ( PURDU E+LRL )
+GUTAYg EISNERp KLEINy PETERS' SAHNI g YEN+( P URD)
E ~ MALA&UD + P. E ~ SCHLEI N (UCLA )

0 WALKER (WISCONSIN)
+CARROLL' GAR FINK EL NOH (W ISCONSIN)

BAR I SH gKURZ g PER FZ —ME hlDEZ y SOLOMON ( LRL)
+GROSSMANy LLOYD' PRICEg FCWLER (LRL )
DEL FABRQ e DE PRE TI Sg JONES+ ( FRASCATI )
+KERNANg PUp PQWELLp DOWD ( L RE+ W I SC ON 5 I N l

J ~ P ~ BATON e J ~ REGNI ER ( SACLAY}
+ELY+G IDAL+KA(. MUS+CA HER INI+ (( RL+W ISC}
BRQWN+FA I ER ( NQRT HW E S T FR N )
L DURAND AND Y ~ T ~ C HI U ( YALE)

BAR—NIR
BARRY
BASDEVAN
DO NOH UE
ESTABROO
FROGGAT T
FUJI I
HY Ain't S

MORGAN
RI ESTER
SHIMADA
SR IN I VAS

BANALGS
CASQN
CERRADA
COMMCN
FLATTE
GRI VAZ
OW ENS
PA WL ICKI
WETZEL

AGUI LAR
FRQGGATT
DAVID
MARTIN
PAWL I CK I
ROSSELET

75 NP 8 87 109
75 NP 8 85 239
75 NP 8 98 285
75 NC 25 A 409
75 NP 8 95 322
75 NP 8 91 454
75 NP 8 85 179
75 NP B 100 205
75 A RGQNNE CONF ~ 45
75 NP 8 96 407
75 NP 8 100 225
75 PR 0 12 681

76 NP 8 105 5Z
76 P RL 36 1485
76 PL 62 8 353
76 NP 8 103 109
76 PL 63 B 228
76 PL 61 8 400
76 NP 8 112 514
76 P RL 37 1666
76 NP 8 115 208

77 NP 8
77 NP 8 129 89
77 PR D 16 20Z7
77 NP 8 121 514
77 PR 0 15 3196
77 PR 0 15 574

+RISSERg SHUSTER (CERN+UCSB+TELA }
G ~ W. BARRY (PURD)
BASDEVANTtCHAPELLEgLOPE ZgSIGELLE {LPTP)
J AT DCNOHUEgY ~ LEROYER ( BORD )
P .E STABROOKS gA. D. MARTI N (DURH)
C D ~ FRQGGATTy J L ~ PETERSEN ( GLA S+NGRD )
Y FU JI I g M. FUKUGI TA (TQKY )
+JONE S, WEI LHAHMER, BLUM, DIE TL+ (CERN+ MPI M)

D. MORGAN ( RHEL )
+ARNOLD AVENGE Lg PATY ( STRB)
T.5H I MADA ( TQKY)
SRINI VASANgHELLANDg LENNOXg KLEM+ (NDAM+ANL )

+BERGERgGQLDZAHLgCCTTEREAU+(SACL+CAEN+FRAS) IgJ P
+POLYCHRONAKOSg BISHOP gB I SWASH+ ( NDAM+AN( } I J
+GONZAL EZ ARROYOt RUB IQy YNDURAIN (CERN+MADR }
A ~ K ~ CCMMON (KENT) JP
S.M ~ FLATT E ( CERN)
+DAVI 5 gHALST E INS

LIDO'

I RW I Np + (LALO+BERG+EPOL 1

+E I SNER g CHUNGg PRQTOPOPE SCU ( CA SE+BNL )
+AY RES t COHENS DI EBOLDe KR AMER' WI CKLUND ( ANL ) I e J P

+FREUDENRE ICHOR BEUSCH g+ ( ETH+CERN+LGIC I

+CERRADA g+ ( MAORI 0+BOMBAY+CERN+PARI S )
+PETERSEN {GLASGOW+COPENHAGEN)
+V ILLETq AYEDp BAR EYREg BQRGEAUDg + ( SAC L )

+OZ HUT LU g SQUI RE 5 ( DU Rl-'AM )
+AYRESwCQHEN vDIEBQLD y KRAMERgWI CKLLIND (ANL} I J
+EX TERMANN gF IS HER g BERG ERg BLOC Hg +( GEV A+ 5 ACL )

PR 168 1679
PL 27 8 513
PRL 21 1275
P R 169 1357
PRL 20 758
NP 8 6 107
NP 87 1
PR 166 }.405
P R 176 1651
PL 28 8 Z64
P RL 21 1613

BANDER 68
BI SWAS 68
BRAUN 68
DUTTA-RO 68
EI SFNHAN 68
FCSTER 68
HYAM5 68
JCNFS 68
JQHNSCN 68
LOV EL AC E 68
MiARAT ECK 68

+SHA Wg FULCC ( UC IRVI NE+S. BARBARA)
+CASOil y JOHNS CNy KENNEY g POI RI ER+ ( NDAM )
BRAUNgCLINEg SCHERER ( W I SCQNSI N)
B DUTTA-ROY' I R LAP IOUS ( STEV}
EI SENHANDLER g MI STRYg MOSTEK + (CORNE{.L)
+GAV ILLET+LABROSSE+MONTANET+ (CERN+CDEF l
+KOCH' POTTERe ~ ~ VCN L INDERNt LQR EN( CERN+MPIM )
+CALDWELL+ZACHAROV+HART ING+BLEULER+ (CERN)
+POI RIERy BISWASg GUTAY+ (NDAM+PURD+SLAC )
C ~ LOVE LACE (CFRN)
+HAGOP IANNA+ ( P ENN+LRL+COLO+PURD+TNTQ+WL SC)

ACHASOV
APEL
BECK ER 1
BECK ER 2
BURR EAN I
COHEN
CORDEN
DGNQHUE

79 PL 8 88 367
79 NP 8 160 42
79 NP 8 150 301
79 NP 8 151 46
79 NP B 147 28
78 ANL-HEP-PR-78-22
79 NP 8 157 250
79 NP 8 158 123

GELFAND 78 NP 8 138 365
HQLMiGREN 78 Pk. 77 8 304
MART IN 78 ANP 114 1

+DAGAN p L I SSAUERp ORENi ABRAM5+
+PENNINGTON
A ~ D MARTIN yM R PENNI NGTCN

{TE LA+ UC 8 }
( STOH+C ERN )

( C ERN)

+DEVYANINg SHESTAKOV ( NGVO)
+AUSLANDERgMULLERy REHAK+ ( KAR L+ P I SA )
+BLANARg BLUMpCERRADA+ ( MPI M+CERN+2 EEM+CRAC )
+BLANARgBLUM pCERRADA+ ( MPIM+CE RN+ZEEM+CRAC)
+F ISHERg GUYS ELYg LEUTZg+(TOR I+RHEL+LBL+CERN)
+AYRES y DI EBQLDp KRAMER ~ PAWLICKI+ ( ANL ) I y J P
+DOW EL L g GARVEY'S JOB ES p+( 8 IRM+RHE L+ TE LA+ L CWC ) J P
+LEROY ER ( BOR D+AN L +OX F )
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Data Card Listings
For notation, see key at front of Listings.

Mesons
e(1300), Aa(1310)

ESTABROO 79
GORL ICH 79
GR EENHUT 79
LOVE RRE 79
MARTI N 79
POLY CHRG 79

PR D 19 2678
CERN/EP 79-139

PR D 20 2326
CERN/ EP 79-162

NP B 158 520
PR D 19 1317

M

M

M

M

M

M G
M

M

M G

M

M A

M A

M C
M A

M

M

M

M

M A

M G

M O

M

M

M

M

M

M

M P
M

M P
M P
M P
M

M P
M

M

M P
M

M A

M S

M G

M A

M P

ESTABROOKS (CARL)
+NICZY PORUK ROZANSKA+ ( CRAC+MP IM+CERN+ZEEM )
+INTEMANN (S ETO)
+ARMENTEROS» DION IS I+ ( CERN+CDEF+MA'DR+ STOH) I »JP
+OZMUT LU ( DURH) I ~ J P
PGLYCHRONAKO Sr CA SON» B I SHOP+ ( NDAM+ANL) I r J P

12 A2 (1310» JPG&2+-) 1~ 1

WE LIST THE A2 AS AN ORDINARY BRE IT-WIGNER RESONAhCE.
FOR DI SCUSSICN OF THE REPORTED SPLITTING» SEE OUR
APRIL 72 AND A PRIL 73 EDITION

12 A2 MASS (ME V) r 3P I MODE

4 0 P I+P
+- 3 ' 7 PI+- P

5 6»6 0 PI-P
6 0 PI —P

0 3 ~ 65 PI+D
6-7 P I — P

7 PI — P
0 5 1 PI+ D

0 8 PI+ P
2 ~ 7-4. 5 P I — P
6 7 PI — P
16 PI — Pr 5PI
8 PI — P
16 PI- Pr BACKW9

+ 5 1 PI+D, 3P I++-
+ 4 3» 5 3 GAMMA P

5 — 7 ~ 5 PI- P
+ 7. 0 PI+P »3PI P

05 ~ PI+P
11 ~ 2PI-Pr P I RHO

+- 0 PBAR Pr 4 PI
4 5 K-Dr LAMBDA

+ 3, 7 PI+ Pr (3PI)+
P I-P NE AR A2 THR
PI-P NEAR A2 THR
5o PI- P

+ 5 ~ PI+ P
7 ~ PI — P

+ 5 ~ 45 Pl+ P»P 3PI
25 ~ r40 ~ PI — P
3.9 PI- Pr P A2

04 ~ P I+Nr P A20
07. P I+P DEL++AZ
—12 PI-Pr P 3PI

+0 15 PI+P P 4P I
0 15 PI+P»DEL 3PI

12-15 P I-P r 3P I N

9 PI-Pr P 3PI
63» 94 PI — P= 3PI

64 HBC
64 HBC
65 MM SP
66 HBC
66 DBC
66 MMS
67 MMS
68 DBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 MMS
69 DBC
69 HBC
70 HBC
70 HBC
70 HBC
70 HBC
70 HBC
70 DBC
71 HBC
Yl MMS
71 MMS
71 MMS
71 MMS
71 MMS
Y2 HBC
73 C NTR
73 HBC
75 DBC
75 HBC
77 OM EG
78 HBC
78 HBC
78 OM EG
78 OMEG
80 SP EC

(1320 0)
( 1335 0)

1425 I 290m 0
( 1290~ 0)
(1310 0)

1060 1286,
4000(1307. )

260 1311~ 0
120 1320m

(1310 )
(1301' 0)
( 1300~ 0)
(1299 )
( 12950 0)

241(1299' 0)
1310~ 0
1305.

941 1306 ~ 0
280 1313 0
581( 1288 0)

(1335' 0)
( 1330 0)

360 1304 ' 0
10000 1307

5000 1309.
28000 1299 0
24000 1300
17000 1309' 0

160 1 307 ~

1315~

1580 1306~

1600 1318i
1200 1298.
3000(1318 0)
1097 1320 0
490(1343 0)

1285~ 0
1306 0

25000 1317~ 0
~ ~ ~ ~

VG 1310.5
TUDENT1309 ~ 5

ADER HOLZ
GOLDHABER
LE FEBVRES
BARNES
BENSON
LEVP AT
CHI KGVANI
ARMENI SE
BOES EBEC K

CHUNG
VON KROGH
JUNKMANN
LA MSA
AND E RSON
AR ME NI SE
EI SENBERG
ASCGI I
AL STON
BGCKMANN
CA SO
DI AZ
GARF I NKE L
BARNHAM
BI NNI E1
BI NNI El
BOWEN
B.OWE N

BOWEN
BL CODWORT
ANTIPGVl
CHALGUPKA
EMMS
WA GNE R

GH ID INI
BALTAY 1
BALTAY 1
CORD EN 2
FERRER
DAUM

(10~ 0)
(5 0)

( 10.0}
(10 ~ 0)

(8 )
(16 )

6 ~ 0
10~

(20 )
(8.0)
(4 0)

(14 )
(20 ~ 0)
(12 ~ 0}

14 ~ 0
(3 ' )

4 Q

7 ~ 0
( 10 ~ 0)
(15~0)
(15 0)

4 ~ 5
5 ~

5i
6 ~ 0
6 0
4.0
7.
5 ~

9 ~

7
8.

(2+0 )
10 0

( 11.0)
9~0
8.0
2 ~ 0

12/75
1/73
2/73

12/75
1/73

12/75
9/67
6/68
Slee
9/68
1/73
1/71
8/69
5/70

12/69
1/71
1/71
5/70
1/73

12/75
12/75
11/71
11/71
11/71
11/71
11/71
11/71

1/73
1/74
2/73

ll/75
11/75
12/77
4/78+
4!78+
4/7 84
4/78~

12/79+
~ ~ ~ ~

1.6 AVERAGE ( ERROR INCLUDES SCALE FACTOR GF 1 4)
1 6 AVERAGE US ING STUDENT 10(H/1 ~ 11) -- SEE NIAI N TEXT
( SE E IDEOGRAM BELOW )

CNLY EXP ERI MENTS GIVING ERROR LESS THAN 15 MEV K EPT FOR AVERAGING
ANALYSIS COMPLICATED BY NEARBY PEAK (Al 5) AND/OR Al
FROMi A F I T TO JP=2+ RHO PI P ART I AL WAVE

LIEIGHTED AUERAGE = 1310.5 + 1 .6
ERROR SCALED BY 1.4

1240 1280

~ -DAUf1 80
~ . . .FERRER 78

CORDEN 2 78
~ . BALTI"-IY 1 78

~ . LIAGNER
Ef1MS 75
CHALOUI KA 73

~ ~ . ANTIPOU1
BLOODWORT
BORE N 71
BOAEN 71

~ . - . BOlJEN
~ - BINNIE1 71

BINNIE1
BARNHAM 71
BOCKf1ANN 70
ALSTON
EISENBERG 69
BOESEBECK 68

~ - - . -ARf1ENISE 68

1320 1360 1400

SPEC
OMEG
0f1E G

HBC
HBC
DBC
HBC
CNTR
HBC
MMS
f1 f1S
f1(1S
MMS
f1f1S
HBC
HBC
HBC
HBC
HBC
DBC

R2 f1ASS ( f1EU)» 3PI MODE

MARTIN 1
~ HYAMS

CHABAUD
CHABAUD

. f1ARGULIE

. FOLEY

. GRAYER

. CRENNEL
ALSTDN
DAHL

. CONFORTO
-BARLOLJ

78
78
78
78

S 76
.72
71
71
70
67
67
67

SPEC
ASPK
SPEC
SPEC
SPEC
CNTR
ASPK
HBC
HBC

HBC
HBC

HBC

LIEIGHTED AVERAGE = 1317.47 + 0.89
ERROR SCALED BY 1.2

CHISQ
10 ~ 6

0 ~ 3
8.0
0.9
2.41.1
0.2
0 .EI

0.2
0.1
3.1
3.7
0.1
0.5
2 ~ 1
0.11.3
0.0
0.9
0.0

36.6
(CONLEU
=0.009)

CHISQ
0.3
1.7
0.5
1.9
1 ~ 6
1 ~ 2
0.3
0 ~ 4
5.5
0.0

MK 80( 1317~ 0)
MK 60 1333 0
MK N ( 1344 0)
MK 130 1280 0
MK 1317 2
MK N ( 1315 7)
MK N (1311~ 0)
MK 132 1301 0
MK 190 1313~ 0
MK S 1500 1319+0
MK 730 1313 0
MK 2724 1320 0
MK 11000 1312.0
MK 4730 1316.0
MK 350 1324m 0
MK P S 1318
MK 4000(1320 0)
MK ~ 0 ~ ~

MK AVG 1 317 47
MK STUDENT1317 57

12 A2 MASS (MEV) r K KBAR MODE

(3 0)
13 ' 0
(7. )
12 0
4 ~ 0

( jOo8)
(5 ~ 0)

7 ~ 0
7 0
3 0
4 ~ 0
2 0
4.0
2+0
5 0
1

(2 0)

(6. )

BARLGW
BARLOW
BEUSCH
CONF ORTO
DA HL
DAHL
CR'ENNELL
ALSTCN
CRENNEL
GRAYER
FOLEY
MARGUI I E S
CH AB AUD
CHABAUD
HY AMS
MARTI N 1
CHABAUD

67 HBC
67 HBC
67 OS PK
67 HBC
67 HBC
67 HBC
68 HBC
70 HBC
71 . HBC
71 AS PK
72 CNTR
76 SPEC
78 SP EC
78 SPEC
78 ASPK
78 SPEC
79 SP EC

+- 1 2 PBAR Pr KK
+- 1 2 PBAR Pr KK

0 5-12 PI-P»K1K1
+ — 0 P BAR P IN KK ~

2 7-4. 5 P I- P
0 2 7-4 ~ 5 P I — P
0 6 0 PI -P, K1K1

+ 7 ~ 0 PI+P»K+KS P
4 ~ 5 PI — Pr KSK-P
17 2 PI —P» K-KS P
20 3 PI- P»K- KS
2 3» PI -P r K-KS

—9 ~ 8 PI-P»K- KS P
18.8PI-P» K- KS P

+ 12 ~ 7 P I+P r K+KS P
—10 PI Pr KS K- P

+ 17PI-NUCLEI » KSK-

2/72
9/67

11/71
9/67
8/67

11/71
11/71

1/71
11/71
2/72

12/72
12/77
4/7 8+
4/78+
4/78+
4/784

1 2 /794
~ ~ ~ ~ ~

0 89 A VERAGE ( ERROR I NCLUDE S SCALE FACTOR OF 1 .2 )
0 83 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
( SE E IDEOGRAM BELCW )

1400

WEIGHTED AUERAGE = 1305.3 + 5.8
ERROR SCALED BY 1.6

1240 1280 1320 1360
A2 MASS (MEU)» K KBAR MODE

13.5
(CONLEV
=0.143)

MK N

MK S
fr K P

THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON
SYSTEMATIC ERROR I N MASS SCALE SUBTRACTED
FROM A FIT TO JP=2+ PARTIAL WAVE

12 A2 MASS (MEV) r ETA PI MODE

189 1312 0
1300.0

32 1300 0
30 I 288+

1 320
E 1000 1 323
EM 6200( 1324+ )

~ ~ ~ ~ ~

A VG 1305~ 3
ST U D ENT 1 306.0

7 0
20 ~ 0

8 ~

7
20 ~

8,
(8, )

~ ~ ~

5 8
5 0
(SE

ALSTGN
CASO
DZIERBA
JOHNSTON
ESPIGAT
KEY
CONF GRTG

70 HBC + 7 ~ 0 P I+Pr PI ETA
70 HBC — 11 2P I-P »PI ETA
70 HBC — 8 PI- P» PI ETA
70 HBC — 7 ~ PI-Pr PI-ETA P
72 HBC +- 0 ~ PBAR Pr ETA 2PI
73 OS PK — 6 ~ PI —Pr P P I-ETA
73 OSPK — 6~PI —Pr P MMS-

1/71
5/70
1/73
1/7 1

11/71
1/74
1/74

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 6)
AVERAGE USING STUDENT10(H/l~ jl) -- SEE MAIN TEXT

E ID EOGR AM BELOW )

M E
M M

ERROR INCLUDES 5 MEV SYSTEMATIC MASS-SCALE ERROR
MI SSI NG MASS WITH ENRICHED MMS=ETA PI-r ET A = 2 GAMMA

~ KEY

1240 1280 1320 1360
A2 MASS ( f1EV)» ETA PI f1ODE

GAT

STON
RBA

73 OSPK
72 HBC
70 HBC
70 HBC
70 HBC
70 HBC

1400

CHISQ
4 ~ 9
0.5
6.1
0.4
0.1
0.9

13.0
(CONLEU=0.024)
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Mesons
X,(~3iO)

Data Card Listings
For notation, see key at front of Listings.

W

W

N

W

W

W

W

W

W

W

N

N

W

W

W

W

N

N

W

W

W

W

N

W

N

N

N

W

W

N

W

W

N

W

1425

1060
0 4000

260
0 120
0

A

0
AE 241
0

941
0 280
A 581
0
D

360
10000

5000
28000
24000
17000

0 160
P

1 580
P 1600
P 51200
P 3000

1 097
P 490

P 25000

(100.0)
(90 0)
99«0

(70 0)
( 100«)

SS~

(90«)
96. 0

(56 )
(80 )
( 40 ~ 0)
{52.0)
(90, 0)

(164 0}
(80 ~ 0)

79 ~ 0
(70 ' 0)

( 135.0}
(90 ' 0)
{35 0)
111~ 4

(100. )
72 '

105 ~ 0
99 ~ 0

103«0
(72. )
115~

99
112
122

( 130 0)
110~ 0

( 115~ 0)
150 ~ 0

Se. 0
~ « ~ ~

A VG 102 ~ 2
STUDENT 102 ' 2

12 A2 WIDTH (MEV) g 3P I MODE

(10 0)
( 15~ 0)
(10' 0)
(15.)

(5 ' )
(15 ~ )

16 0
(Zl )
(20 ~ )
(25 0)
(16.0)
( 10~ 0)
(20 ~ 0)
(30~ 0)

12 0
(29 ~ 0 )
(26 0)
(20 0)
(35 ~ 0 )

18 0

16 ~

5.0
5 0
5 ~ 0

( 25 «)
15 ~

15.
18«
14 '
(7.0)
15 0

( 14 ~ 0)
20 ' 0

9 ~ 0

(50«0)

ADERHOLZ 64
GQLDHABER 64
LEFEBVRES 65
BARNES 66
BE NSON 66
LE VRAT 66
CHIKOVANI 67
AR ME NI S E 68
BOESEBEC K 6S
CHUNG - 68
VO N KROG H 68
JU NKMANN 68
ANDERSON 69
AR MEN I SE 69
E I SENBERG 69
ALSTQN 70
BQCKMANN 70
CA SO 70
DI AZ 70
GARF INKEL 70
BARNHAM 71
BINNIE1 71
8 I NNI El 71
BONE N 71
BONE N 71
BONE N 71
BLOODNORT 72
ANT IPOV1 73
CHALOUPKA 73
EMMS 75
WAGNER 75
GH ID'I N I 77
BALT AY 1 78
BALTAY 1 78
CORD EN 2 78
DAUM 80

HBC
HBC
MMSP
HBC
DBC
MMS
MMS
DBC
HBC
HBC
HBC
HBC
MMS
DBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC
NMS
MMS
NMS
MMS
MMS
HBC
CNTR
HBC
DBC
HBC
OMEG
HBC
HBC
OMEG
SP EC

4. 0 P I+P
+— 3 ~ 7 P I+- P

6 0 PI —P
e.0 pl -p

0 3 65 P I+0
6p7 PI- P
7 PI — P

0 5 ~ 1 P I+0
0 8 PI+ P

2 ~ 7—4 ~ 5 PI- P
6.7 PI — P
16 ~ PI- P y 5PI
16 PI- Pg BACKW9

+ 5 1 PI+ D g 3P I++-
+ 4«3g 5«3 GAMMA P
+ 7 0 PI+Pg3 PI P

05 P I+P
11«2P I-P y PI RHO

+— 0 ~ PBAR Pg 4 PI
4 ' 5 K-DpLAMBDA

+ 3.7 PI+ Py {3PI)+
P I-P NEA R A2 THR
P I-P NFAR A2 THR
5 PI — P

+ 5. PI+ P
7 PI — P

+ 5 ~ 45 PI+ P gP 3PI
25«y 40. PI — P
3 9 PI- Pg P A2

04 P I+N g P A20
07 «P I+P g DEL++A2
—12 PI-P g P 3PI

+0 15 PI+PgP 4PI
0 15 PI+Pt DEL 3PI

12-15 PI-P y 3PI N

63' 94 PI — P= 3P I

12/75
1/73
2/73

12/75
1/73

12/75
9/67
1/73
5/68
9/68
1/73

12/75
5/70

12/69
1/71
5/70
1/73
5/70
1/71

11/71
11/71
11/71
11/71
11/71
11/7 1
12/72

1/74
2/73

11/75
11/75
12/77

4/78s'
4/78'
4/784

12/79+
« ~ ~ ~ ~

2 ~ 8 AVERAGE ( ERROR INCLUDES SCALE FAC TOR OF 1 ~ 2)
2 ~ 7 AVERAGE USING STUDENT10 {HI l «I 1 ) SEE MAIN TEXT
( SE E IDEOGRAM BELOW )

LIEISHTED A VERASE = 102 .2 + 2 .B
ERROR SCALED BY 1.2

DAUM BO

CORDEN 2 7B
BALTAY 1 7B
LIASNER 75
EMMS 75
CHALOUPKA 73
ANTIPOU1 73
BO}JEN 71
BOLIEN 71

.BO(JEN 71

.BINNIE1 71
BARNHAM 71
ALSTON 70
ARMENISE 6E}

0 50 100 150
A2 WIDTH (MEV) i 3PI MODE

250

IJEISHTED AUE RASE = 10B .6 + 4 .9
ERROR SCALED BY 1.7

SPEC
OMES
HBC
HBC
DBC
HBC
CNTR
MMS

MMS

MMS

MMS

HBC
HBC
DBC

CHISQ
0.5
5.7
0.3
2.0
0 ~ 3
0 ~ 0
0.7
0.0
0 4
0.3
3.6
0.3
3.7
0.1

1B.O
(CONLEU
=0.15B)

WK

WK

WK

NK
WK

NK
WK

WK

WK

WK

WK

WK

NK
WK

WK

NK
WK

WK

NK

WK

WK

WK

WK

0
E
0

A

S
P

ONt Y EXP ER IMENTS GIVING MA SS ERROR LT 15 MEV KEPT FOR AYERAGING
BACKGROUND SUBTRACT ION MODEL-DEPENDENT «

MAY BE DIFFERENT OBJECTS ALTHOUGH JPC=2++«COMPARE CRENNELL 69 ~

ANALYSIS COMPLICATED BY NEARBY PEAK (Al«5) ANDlOR Al
WIDTH ERRORS ENLARGED BY US TO 4&WIDTH/SQRT(N) CSEE K& TYPED NOTE
FROM A F IT TO JP=2+ RHO PI PARTIAL WAVE

12 AZ WIDTH (MEV)g K KBAR MODE

60
80S

N

130

N

N

S 132
S 190
S1500

730
S2724

350
11000
4730

P S
4000 (

56 ~ 0
56 0

(88. )

( 90 ~ 0)
47

(80 5)
( 21 ~ 0)
90 0

125 0
123 0
113 0
105. 0
110~ 0
126 0
101 0
113~

1 C6. 0)

28 ~ 0
25. 0

(23 ~ ) (22 )

18 '
(36 5
{10' 0
31 ' 0
36 ~ 0
13.0
19 0
8 0

18 ' 0
11 ' 0

8 ~ 0
4 ~

(4 ~ 0

1 (6 ~ 0)

BARLQW
BARLQW
8EUSCH
CONF QRTO
DA HL
DA HL

CR ENNE LL
ALSTON
CRENNEL
GRAYER
FOLEY
NARGULI ES
HYAMiS
CHABAUD
CHABAUD
MARTIN 1
CHABAUD

67 HBC
67 HBC
67 OSPK
67 HBC
67 HBC
67 HBC
es HBC
70 H BC
71 HBC
71 AS PK
72 CNTR
76 CP EC
78 AS PK
78 SP EC
78 SP EC
78 SP EC
79 S PEC

+ 1 ~ 2 PBAR Py KK
+— 1 2 PBAR Pp KK

0 5-12 PI —P gK jK1
+- 0 ~ P BAR P IN KK

2 7-4 ~ 5 P I- P
0 2 7-4 5 P I- P
0 6 0 PI-Pg K1K1

+ 7 0 P I+P vK+KS P
4.5 P I- P g KSK-P
17 2 PI —Pg K-KS P
20 3 PI — PgK- K S
23 P I-P I K-KS

+ 12 7 PI+P p K+KS P
—9 ~ 8 PI-PgK- KS P

18 BPI—Pg K- KS P
-10 PI Pg KS K- P

17P I-NU CL E Ig KSK—

9/67
9/67

11/71
9/67
8/67

11/71
11/71
1/71

11/71
11/71
12/72
12/77
4/784
4/784
4/7 84
4/784

IZ/79+

AYG 108 «6
STUDENT 109.5

~ ~ ~ ~ \

4 ~ 9 AYERAGE ( ERROR INCLUDES SCAL E FACTOR OF 1 7)
3 ~ 4 AYERAGE USING STUDENT10(H/1 ~ 11) —SEE MAIN I EXT
(SEE IDEOGRAM BELOW )

P FROM A F I 7 TO JP= 2+ PARTIAL NA VE ~

N THE NEUT RAL MODE CAN INTERFERE W ITH THE F ME SQN
S 'WIDTH ERRORS ENLARGED BY US TQ 4s'WIDTH/SQRT( N ) CSEE K& TYPED NOTE

MARTIN 1 7H
CHABAUD 7B
CHABAUD 7H
HYAMS 7B
MARSULIES 76
FOLEY 72

. SRAYER 71
CRENNEL 71
ALSTDN 70

. DAHL 67

. BARLO(J 67
-BARLOLJ 67

2500 50 100 150 200
A2 WIDTH (MEV) ) K KBAR MODE

SPEC
SPEC
SPEC
ASPK
CPEC
CNTR
ASPK
HBC
HBC
HBC
HBC
HBC

CHISQ
1.2
0.9
2.5
0.0
0.2
0.1
1.2

11.7
4. 4

3.5
25.B

(CONLEU
=0.002)

189 103 ~ 0
( 120 0)

32 (41~ 0)
T 30 (38«0]

120«
1000 108.

M 6200 ( 104. )

20.0

(20 0
(30 ~ 0
30,

9 ~

(9 )

{16 0)
)

AL STQN
CA SO
DZIERBA
JOHNSTON
ESPIGAT
KEY
CONF CRT 0

70 HBC +
70 HBC
70 HBC
70 H BC
7Z HBC +-
73 OSPK
73 QS PK

12 A2 N IDTH ( MiEV )y ETA PI MODE

7.0 PI+P gPI ETA
11 2P I-P g P I ETA

8 PI- P ~ PI ETA
7 ~ P I-P ~ P I -E TA P

0«PBAR Py ETA 2P I
6, PI-PgP PI-ETA
6.P I-P~ P MMS-

1/71
5/70

11/70
1 /73

11/7 1
1/74
1/74

FITTED PARTIAL DECAY MODE BRANCHIHG FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where1 1 1
6P. =

Q (6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 1
cients (6P.6P. ) /'(6P. ~ 6P, ). For the definitions of the individual P. , see the listings1 i j 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

~ ««««
A VG 108 ~ 1
STUDENT 108 0

M MISSING MASS
T WIDTH ERRORS

~ ~ ~

7 ~ 9
8 5

AYERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10{H/1 ~ 11) -- S EE MAIN TEXT

WITH ENRICHED MMS=ETA PI —
p ET A = 2 GAMMA

ENLARGED BY US TO 4+WIDTH/SQRT(N) CSEE K+ TYPED NCTE

P 3 P 4P 1 P 2
P 1 7004+- «0217
P 2 121 0 ~ 0479+- 0049
P 3 — 0506 — 03 S2 ~ 1458+- ~ 0114
P 4 —~ 8714 —~ 2858 — 4049 ~ 1058+-~ 0250

12 AZ PARTIAL DECAY MODES

Pl
P2
P3
P4
P5
pe
P7
PB
P9

A2
A2
A2
A2

S A2
S A2
S A2
S A2
S A2

INTO RHO P I
INTO K KBAR
INTO ETA P I
INTO OMEGA PI PI
INTO PI+ PI- PI 0 EXCL ~ RHO PI
INTO PI+ PI- PI- EXCL«RHO PI
I NTO PI GAMMA

INTO ETA PRIME P I
INTO GAMMA GAMMA

DECAY MASS ES
77 6+ 139
493+ 497
548+ 1 39
139+ 139+ 782
139+ 139+ 134
139+ 139+ 139
139+ 0
957+ 139

0+ 0

Wl
Wl F
Wj F
Wl D

Wl 0

12 A2 PART I AL W I DTHS

ABRANS

ABRAMS

A2 INTO GAMMA GAMMA ( KEY)
(2. 5 } OR LESS CL~0.95

FRON RHO P I DECAY NODE
( 17 ~ 0) OR L FS S CL=O ~ 95

FROM K+ K- DECAY MODE-

79 SMAG

79 SHAG

E+ E-

E+ E-

I 2/79iI'

12/79'

5 S ivALL g NOT US ED IN THE F IT
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Particle Data Group: Review of particle properties S139

Data Card Listings
For notation, see key at front of Listings.

MeSOnS
x,(is~a)

12 A2 BRANCHI NG RATIOS

Rl A2 (CHARGED ONLY) INTO (K KBAR) /( RHO PI )
Rl N {0 13) (0»03) BEUSCH 67
Rl N THE NEUTRAL MODE CAN INTERFERE WITH F ~

Rl ll 0 ' 09 0»06 0»09 ASCOLI 68
Rl 0» 054 0 ~ 022 CHUNG 68
Rl (0 ~ 03) l 0 012) DONA LD 68
R?. 0 ~ 06 0 ~ 03 ABR AHCV I C 70
Rl 0 ~ 07 0 ~ 03 NEF 70
Rl 113 0 ~ 097 0 ~ 0 18 ALSTON 71
Rl 50 0. 056 0 ~ 014 CHALCUPKA 73
Rl F 0 ' 078 0 ' 017 CHAB A UD 78
Rl F FROfI A F I T TO ALL AV AI LABL E CROSS SECT IOhlS
Rl \ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVG 0 ~ 0699 0 ~ 0079 AVERAGE ( ERROR INCL
Rl STUD EHT 0 ~ 0694 0 ~ 0092 AVERAG j US I NG STUDE
R1 F IT O. oes4 0.0071 FRDH F IT t ERR0R INcL

(P2) /(Pl}
OSPK 0 5 7 12 PI-+ 9/67

HBC — 5 PI-P 6/68
HBC — 3 2 P I-P ~ 1/67
HBC +- 1 Z PBAR P ~ 2/72
HBC — 3 93 P I — P 1/71
MMS — 7»0 PI- P 6/70
HBC + 7 0 PI+ P 1/71
HBC — 3 9 PI- Py P A2 2/73
SPEC — 10t19 PI —PyKS K- ?2/78+
AT DIFFER ENT ENERG IE S ~

UDE S SCALE F ACTDR OF 1 ~ 0)
NT10(H/1 ~ 11) -- SEE MAIN TEXT
UDES SCALE FACTOR OF 1 0)

A2 INTO (ETA PI )/(RHO
34 0 ~ 15 0 ~ 04

0 ~ 13 0 ~ 04

R2
R2
RZ
R2
R2 AVG
R2 STUDENT
R2 F IT

0 ~ 140
0» 140
0 ~ 163

0.028
0 ~ 030
0 ~ 012

PI + K KBAR + ETA PI) ( P3) /( Pl+P2+P3)
BARNHAM 71 HBC + 3 7 P!+ P
ESPIGAT 72 HBC +- 0 ~ PBAR Py

11/71
11/71

AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

FROM F IT {ERROR INCLUDE S SCALE FACTOR OF 1»0)

( P3) /t Pl }
4 0 P I+P
11 ~ 0 PI-P
5 PI-P
3 ~ 2 PI-P
3 PI-P
3 ~ 3 PI — P
3 ' 93 PI — P
5.0 PI+P
5 ' 0 PI+ P
8 PI- P
7 ~ 0 PI+ P
9 PI- Pr P AZ

0 ~ PI-P y P A2-
PI- Py ETA PI

2 PI-P t P 3PI

A2 INTO ( ET
0»3
0 ~ 22

22 0» 23
0 ~ 12
0 16

(0.18
0. 3

15 0 ~ 25
0. 34

39 (F 18
16T 0 ' 24
149 0 21

52 0 22
0. 18

(0 ' 2)

A PI } / (RHO PI)
0 ~ 2
0 ~ 09
0 ~ 08
0 ~ 08
0 ~ 10

) (0 06)
0 ~ 13
0 ~ 09
0 ~ 17 0 ~ 34

) (0 ~ 07)
6 0 ~ 042

0» 044
0»05
0. 05

t 0 ~ 02)

R3
R3
R3
R3
R3
R3
R3 D

R3
R3
R3
R3 D

R3
R3
R3
R3
R3
R3
R3 AVG
R3 STU D ENT
R3 F IT

64 HBC
67 HBC
68 HBC
68 HBC
es HBC
69 HBC
70 HBC
70 HBC
70 HBC
70 H BC
71 HBC
73 HBC
73 C NTR
76 HBC
77 OHEG

ADERHGLZ
CONTE
A SCQL?
CHUNG
KEY
VETL ITSKY
ABRAMGVI C
BOC KMANH

BQCKMANN
DZ I E RBA
ALSTQN
CHA L CU PKA
ANTIPQV
F ORI NO

GH IDIHI

8/67
61e s

12/66
~ 11/6 T

9/68
1/71
9/69
9/69

11/71
1/71
2173
1 /74

1?IT 7
12/77

+
3
4
1

-1
» ~ ~ ~ ~ ~ ~ » ~

0.215 0 F 019
0»215 0 ' 021
0, 208 0 018

AVERAGE ( ERROR I NCLUDES SCALE FACTOR OF 1,0 )
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

FROM FIT t ERROR INCLUDES SCALE FACTOR GF 1 ~ 0)

R4
R4
R4

A2 INTO ( ET A PR IHE PI ) / TOTAL
l0»l) OR LESS CHUhlG
l 0 ~ 02 ) OR LESS CL= ~ 97 BARNHAH

(P8)
65 HBC — 3 2 PI-P
71 HBC + 3 7 P I+ P 2/72

(Ps) /{ Pl )
0 5. 0 PI+ P

8 ~ P I- P

+ 7.0 PI+ P
5 ~ PI- Py P 6PI

9169
11/71
11/71

1/71
1/74

Re
. R6

AZ INTO (PI+ PI — PIO) / (RHO PI)
(0 ~ 17) QR LESS BENSON

(P5) /(P 1)
66 DBC 0 3 7 PI+D

R5 AZ INTO {ETA PRIME PI)/(RHO PI)
R5 0 ~ 04 0»0 3 0 04 BOCKMANN 70 HBC
R5 D 8 {0 151 (0 09) DZ I E RBA 70 HSC
R5 D STRONGL Y DEP END ENT GN BAC KGRGUND SUBTRACTION
R5 (0 ~ 04). OR LESS ALSTGN 71 HBC
R5 (0 ~ Ol1)QR LESS CL= ~ 90 EI SENSTEI 73 HBC

ARHENIS E
ASCGLI
BALL AM

BENZ
80 ES EBEC
CASG
CHUNG
CRENNELL
DONALD
FOSTER
FR IDMAN
JUNKMANN
KEY
LA MSA
YC N KRQG

es
68
68
68
es
68
68
68
68
68
es
es
68
68
68

ADERHOL Z 69
AGU I LAR 169
AGUILAR 2e9
ANDERSON
ARHENIS E
CHI KOVA N

CR ENNELL
DONALD
EI SENBER
VETL ITSK

AB RAMOV I
AL STGN
ASCCLI
BAS ILE
BAUD 1
BAUD2
BAUD3
BOCKHANN
BUTL ER
CAROl L
CASO
DIAZ
DZ IERBA

ALSO
GA RF ?NKE
JOHNSTON
KRUSE
NEF
SUTHERL A

69
69
69
69
69
69
69

70
70
70
70
70
70
70
70
70
70
70
70
70
68
70
70
70
70
70

ARHENIS E 67
BALT AY 67
eARl Ow e7
BARTSCH 67
SEUSCH 67
CA SON 67
CHIKOVAN 67
C HUNG 67

ALSO 66
COHN 67
CCHFORTQ 67
CONT E 67
DAHL 67
CANYSZ 67
SLATTERY 67

PL 258 53
pL 258 leo
NC 50A 701
PL 258 48
PL 25 B 357
PRL 18 880
PL 258 44.
PRL 18 100
UCRL-16832
NP 81 57
NP 83 469
Nc 51 A 175
P R 163 1377
Nc 51 A 801
Nc 50A 377

PL 268 336
PRL 20 1321
P RL 21 934
PL 28 8 233
NP 8 4 501
NC 54 A 983
PR. 165 1491
P RL 20 1318
PL 26 8 327
NP B 8 174
PR 167 1268
HP S8 471
P R 166 1430
PR 166 1395
PL 27 8 253

ARHENI SE yF QRINOy+ ( BARI+BGNA+F I RZ+ORSAY )
+K IRSCH+KUNG+YEH+RAB IN l COLU+BNL+RUTGERS)
+LI L LESTGL+HCNTANET+ l CERN+CDEF+IRAD+L IVP )
+DEUTSCHMANN+GRQTE+COCCCNI+ lAACH+BERL+CERN)
+PI SCHERy GOBBI y ASTBURY+ (ETH+CERN)
+LAM SAy BI SWASyDE RADO t GROVES y+ ( NCT REDAME 1

CERh) MISSING MASS SP ECTRCMETER GROUP (CERN)
+DAHL tHARDY t HESS t KI RZy MILLER {LRL)
R I CHARD I HE SS--THES?S y BERKELEY ( LRL)
+MCCULLCCH+BUGG+CONDO (ORNL+UNI V TENN ~ )
+MAR ECHALy MCNTANET+ (CERN+C DEF+ IPN+L I V P)
+TOM AS IN I y CORDS+ t GE NOVA+HAHB+M I LANG+ SAC LA Y )
+HARDY+HES S+KI RZ+MI L LE R (LRL )
DAHYSZ+FRENCH+SI MAK (CERN)
+KRAY SILL+ FORMAN+FER BEL ( YALE+RCCH)

ARMENISE FOR INC + t BARI+SGN A+FIRZ+OR SAY)
+CRAWLEY yMCRTARA ySHAPI RCy BRIDGES+( ILL INDI S )
+BRQDY t CHADWI C Kt F RI E S y G UI RAGOS SI AH+ ( 5 LAC )
CERN HISS?NG MASS SPECTROMETER GROUP (CERN)
BOES ESECKy DE UTSC HMANN y+ (AACHEN+BERL I N+C FRN )
+CON TE+COR DS+D IAZ+ ( GE NOVA+HAMS+HI LAN+ S ACE)
S U fHUNG C ~ DAHL J ~ K IRZ 0 ~ H ~ HILL ER (LRL )
+KARSHON+KWAN LAI y SCARR ySKILLI CORN l BNL)
+FRQDESEN+SETT IN I+ (L IVERPOQL+QSLO+PADUA)
+GAVILLETt LABROSSE yMONTANETy+ (CERN+CDEF)
+MAURER t HICHALON yOUDET+ (HEI D + STRASBOURG)
+COCCONI t+ l AACH+BERL+BONN+CERN+W ARS )
+PRE NT ICE+COOPER+HANNER+ {TNTO+ANL+WI SC)
+CASON+BISWAS+DERADO+GRCVES+ (HOTREDAME)
+ MI YA SHI TA y KQPEL HAN t MARSHALL L IBBY ( COLO )

JP

JP

NP S ll 259
PL 29 8 62
PL 29 8 241
P RL 22 1390
LNC 2 501
PL 28 8 526
P RL 22 1327
NP 8 12 325
PRL 23 1322
S JNP 9 596

+ BART SCH y+ (AACH+ BERL+CE RN+J AGL+W DRS )
+BARLOWt JACOBSy DELLA NEGRA+{CERN+CDEF+LIVP)
M ~ AGUILAR-BENITEZy J BARLOWy+ (CERH+CDEF)
+COLLINS + (BNL+CARN)
+GHID IN I FOR?NO CARTACC I+ (BARI+SGNA+F IRZ)
CERh! HI SSI NG MASS SPECT RGMET ER GROUP (CERN ) JP
+KAR SHCNtKWAN WU LAI y+ ( BNL) I JP
+EDWARDSy FCSTERy MOORE ( L I VERP COL )
EI SE NB ERG r HABERt BALL AM y CHADW I CK+ ( REHO+S LAC ]
VETL ITSKYy GRIGQREYEV yGR ISHI Ny+ {I TEP)

NP 8 29 466
PL 33 8 607
PRL 25 962
LNC 4 838
PL 318 397
PHIL AD»CONF P ~ 311
PL 31 8 401
NP 8 16 ZZ1

UCRL 19845
PRL 25 1393
LNC 3 707
NP 8 16 239
PR 0 2 2544
LAMSA
PL 33 8 536
NP B 24 253
PHIL A 0 ~ CONF ~ P 359

THE SI S+PRI V COMM ~

P HILAD. CONF»P 369

A BRA HO VICH ~ 8 LUMENF ELD y 8 RUY ANT t+ (CERN)
+BARBAROy BUHLy DERENZOy EPPERSOHy FLATTE+( LRL}
+BROCKWAYyCRAWi EYtEI SENSTEINyHANFTt+ ( ILL)
+DALP IAZ t FRABETTI y MASSA Mt+ (CERN+BGNA+ STRB)
CERN BOSCH SPECT ROHETER GROUP (CERN )
CERN BOSON SPEC TRQHE TE R GROUP (CERN)
CE RN BOSON S P ECT ROM ET ER GROUP ( CERN)
+MA JORt POLSt+ (BONN+DURH+NI JM+EPQL+TGRI 1

THES IS ( LRL)
+F IREBAUGH yGARF I NKEL t HORS Et OHy + (W IS c+TNTO )
+CONTE y TOMASI NI t CORDS+ t GENQ+HAHB+MILA+SACL )

JP

JP

+KEY PRENTICE YOCN GARF INKEL + (TNTO+W ISC)
U»KRUSE ~ PARTIAL WAVE ANALYSI S ( ILL)
CE RN BOSCN S PECT ROHE T E R GROUP {CERN )
G ~ SUTHERI AHDy INTERFERING RESONANCE(GLASGOW)

JP

+GAY ILLETy LASRGSSEyMONTAHET+ (CERN+CDEF ) JP
+ SHE PHARDy BI SW AS y C AS ONy JOHNSON t K Eh)NEY ( NDAM )

GARF?NKEL t AHM ANN y CAR MONY y Y EH (PURD) J Pc

A2 I NT 0 ( K KBAR)
17 0 06

(0 020)
NQT AY FRAG ED BE
FROM& (K KBAR)

8 0 03
0 05
0 09

R8
RS
Rs A

RS A

Rs A

Rs

Rs
R8
R8 AVG
RS STUDENT
Rs FIT

~ ~ ~ ~ ~ ~

0 ~ C48
0 ~ 048
0. 0536

1(RHO Pl + K KBAR + ETA PI) l P2) / t P 1+P2+P3)
0 03 8 ARNHAM 7 1 HBC + 3 ~ 7 P I+ P y KSK+P 11/71
0 004) E SPIGAT 72 HSC +- 0 PBAR P t 2/72
CAUSE OF DI SCR EP ANCY 8 ETWEEN MASSES

Ah10 l RHO PI ) MODES
0 ' 02 DAMERI 72 HBC — 11~ PI- P 12 /72
0 ~ 02 TOET 73 HBC + 5 ~ PI+ Pt P K+ KO 12/75
0 ~ 04 TOE T 73 HBC 0 5 PI+ Py PI+P K KS 12/75
~ ~ ~

0 ~ 012 AVERAGE l ERRGR I NCLUDES 5 CAL E FACTOR OF 1»0 )
0 014 AVE RAG F US?NG STUDE NT10{H/1 11) —SEE HAIN TEXT
0 ~ 0053 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

R9 A2 INTO (PI+ PI- P I-}/(RHOO P I-) (P6C) 1(P1C)
R9 (0» 23) OR LESS CL= ~ 90 ABRAMOVIC 70 HBC - 3»93 PI- P 1/'7l

Rll
Rl 1 R
R11R M

Rl? R
Rll M

A2 I NTQ {PI GAMMA) /TOTAL (P7}
(0 005) l 0 ~ 005) l 0 003) E I SE NBE RG 72 HBC PHCTCPRODUCT IOH
0 0045 0 0011 MAY 77 SPEC +- 9 ~ 7 GAf&l Ny A2 X

P?QN EXCHANGE MODEL USED IN THI S ESTIHATION
HAY 77 6 IV E PART IA L WIDTH 460+/-110 KE V»

ll IT 1
12/77

RT A2 INTQ {ETA PI ) /(K KBAR) (P3) I (P2)
R7 E (3 ~ 0) OR LESS FOSTER 68 HBC — PBAR P ~ PBA REST 11/71
R7 E SUPERSEDED BY ESPIGAT 72 (SEE UNDER R2 AND RB) 11/Tl

AGU?LAR
ALSTCN
BARHHAM
BEKETOV
BI NNI El
BINN? E2
BQWEN
CRENNEL
FARSER
FOLEY
GRAYER
LY NCH
RINAUDO

ANKENBRA
BERENYI
BLOGDWOR
DAMERI
DI EBOLD
EISENBER
ESP IGAT
FOLEY
LA SS I LA
MORS E

71
71
71
71
71
71
71
71
71
71
71
71
71

72
72
72
72
72
72
7Z
72
72
72

PR D 4 2583
PL 34 8 156
PRL 26 1494
S JHP 4 765
Pl 36 8 257
PL 36 8 537
P RL 26 1663
PL 35 8 185
HP 0 29 237
PRL 26 413
PL 34 8 333
UCRL Z0022 AHD 71
NC 5 A 239

PRL 29 1688
NP 8 37 621
NP 8 37 Z03
NC9A1

SATA V CONF ~

PR D 5 15
HP 8 36 93
PR D 6 747
PRL 28 1491
hfP 8 43 77

AGUI LAR-BE NI TEZ t E I SNERy KI NSQN ( BNL)
+BARBAROy BUHLy DERENZQy EPPERSCNyFLATTE+( LRL)
+ABRAMS BUTLER CGYNE GOLDHABER HALL + (LBL )
+SGMBKOWSKYtKONOWALOVt KRUTSCHI NI Ny+

'

( ITEP1
+CAM?LLER?y DUANEy FARUQI yBURTONt+(1 QIC+SHMP)
+CAMI LLE R? tDUANE y F ARUQI y BURTON y+ t LOI C+S HMP )
+FARL ESyFA I SSLER yBL'! EDF Ny+ ( NEA S+ STON)
+GGRDCNyKWAN-WU LA? t SCARR {BNL)
+DE PINTOyBI SWASycASGNt DEERY ~ KENNEYt+ (NDAM)
+LGVEt OZAK ly PLATNERy LINDENBAUM y+ l BNL+CUNY)
+HYAHS t JCNES t SCHLE IN t SLUM ~ DIET L+ (CERhl+MPIM)
Af'1ST ERDAH CONF G.LYNCH ( LBL)
+BOECKHANH y MA JQR+ (TORI+ BONN+ DURH+NI JM+EPQL }

ANKENBRANDT ~ BRABSONy CR I TTENDEiN y HEINZ y+( IND)
+PRENTICE y STEENBERGy YCQNt WALKER (TNTO+W ISC)
BLOODWCRTHy JACKSOHyPREN TICE t YOCN l TNTG)
+ BQR ZATT A t G GUS SU t + {GEHQ+HILA+SACL )
R ~ DI EBCLD RAPPORTEUR TA( K ( ANL}
EISENBFRGy BALL AH ~ OAGANy + (RE HQ+SLAC+TELA )
+GHE SQUI ERE y LI LLE STOL y MCNTANET ( CERN+C DE F 1

+LOYE yQZAKI t PLATNER yL INDENBAUM t+ ( BNL+CUNY)
LASS I LAy YCUNG ( IOWA )
+OH y WALKER r JOHNS TOHy YOQN ( W I SC+TNT0 )

JP

JP

R12 A2 I
R12
R12 279
R12 60
R12 K 140
R?2 K 60
R12 K

R?2 K KAR
R12 K TO
R12 K AND
R12
R12 AVG
Rl 2 STUD ENT
R12 F IT

NTQ (OMEGA PI PI ) /(
{0.19 ) (0»08 )
0, 10 0 ~ 05
0 28 0 09

(0»29 ) (0 ~ 08)
l ~ 10) ( ~ 04}
0.18 0 ~ 08

SHCN 74 SUGGE ST AN

OM EGA P I P I COULD
MASSES ~ WE USE A C

» ~ ~ ~ ~ ~ » ~

0»151 0 ~ 049
0, 150 0 ~ 046
0» 15 1 0 ~ 040

RHO PI ) (P4) /(Pl)
DEFQ IX 73 HBC, 0 0 ~ 7 PBAR P y7 PI 12/77
CHALOUPKA 73 HBC — 3 ~ 9 PI- Py P AZ» 2/73
DIAZ 74 DBC 0 6 ~ P I+M P (5PI ) 0 1/74
KARSHQN 74 HBC 0 4 ~ 9 P I+P t D EL++A 2 12/77
KARSHON 74 HBC + 4»9 P I+P t P A2+ 12/77
KARSHON 74 HBC AVG OF ABOVE TWO 12/77

ADDITIONAL ?=0 STATEy STRONGLY CCUPI ED
EXPLAIN DI SCREPANC IE S I N BRAHCHI HG RATIOS
ENTRAL VALUE AND A SYST ~ SPREAD ~

AVERAGE ( ERROR ?NCL UD'E S SCALE FACTOR OF 1 ~ 3)
AVERAGE USING STUDENT 10tH/l»11) —SEE HAIN TEXT

FROM F IT l ERROR I NCLUDE S SCALE FACTOR GF 1 0 )

REFERENCES FOR A2

AMHANN
ANKEBRAN
ANTIPQV
ANTIPQV 1
ANTI PGV2
CA SON
CHALGUPK
CONF CRT Q

DEFO IX
EI SENST E
KEY
TO ET

DIAZ
KA RS HCN
OTTER
TASAK
TH Ct{P SQ 1
THCMPSQ2

73
73
73
73
73
73
73
73
73
73
73
73

74
74
74
74
74
74

PR D 7 1345
PR D 8 2785
NP 8 63 175
NP 8 63 153
NP 8 63 141
NP 8 64 14
PL 44 8 211
PL 45 8 154
Pl 43 8 141
PR D 7 278
PRL 30 503
NP 8 63 248

PRL 32 260
PRL 32 852
NP 880 1

BOSTON P ~ 46
PR D9 560
NP 869 381

+CARMQNY t GARFI NKELt GUT AYt

MILLER+�

( PURD+IUPU )
ANKEBRANDT t BRABSCN tCR IT TENDENy HE INZ t+ ( I ND}
+ ASCQLI y BU S hlELLOy F OC ACC I t + (CERN+SERP )
+A SC OLI ~ BUSNE LLQ yF OC ACC I t+ (CERN+SERP)
+ASCOL I ~ BU SNELLOy FOCACC It + l C ERN+ SERP )

' + MADDEN y 8? SHOP r BI SWASt K ENNEY ~ + {NDAM)
CHALOUPKAy DCBRZYNSKI tFERRANDOy LOSTYt+(CERN)
+MQBL EY ~ K EY t P ERPOST t + ( EF I+FN AL+TNTO+W I SC )
+DCB RZYN SKI t E SPI GATy NASCIMENTOt+ t C CEF 1

E I SENSTE IN t SCHUL TZ y A SCOLI y I OFF RE DOy+ (

ILL�

)
+CQNFGRTQt MOBLEYy+ (TNTQ+EFI+FNAt. +W ISC)
+THUAN t MAJOR y R INAUDO y+ l NI JH+BQNN+DURH+TGRI 1

+0IBIANCAtFICKINGERt ANDERSOHy+ (CASE+CARN)
+HIKENBERG PITLUCK EI S ENBERG RQNAT+ (REHQ)
+ RUDOLPH+ l AACH+ 8 ERL+BQNN+C ERN+HE I 0 )
+RONA Ty ROSEHF ELDt LASINSKI+ {LB L+S LAC )
THOMPSQNy GAIDOSy MC ILWAINt W ILLMANN t PURD)
THOHP SON t BADE f»IT Z yGA I DOS t MC ILW Al h+ ( PURD )

JP
JP
JP

JP
JP
JP
JP

ATHENS {OHIO)CONF ~

PR 138 8 897
PL 15 69
PRL 15 325
PL 19 68
PL 19 434
PRL 15 217

ABCL INS 65
ADERHQL Z 65
AL ITT I 65
CHUNG 65
FORI NQ 65
LEF EBVRE 65
SEIDLITZ 65

+CARHONYt LANDER t XUQNG y YAGER ( LA JCLLA) I =1
( AACHEN+BERL+BI RM+BDNN+HA MB+LOI C+HP I H )

ALI TTI BATON DELFR CRUSSARD+ (SACLAY+BGNA) JP
+DAHL ~ HARDYy HESSy JACOBSyKIRZy HILLER t LRL)
+GESSARGLI+ ( BGNA+8ARI+F I RZ+CRSA+SACL )
CERN h&ISSIHG MASS SPECTROMETER GROUP (CERN)
L SEIDLITZt C I DAHLy D H MILLER l LRL)

P ARM ES 66
BENSON 66

AL SO 66
EHRL ICH 66
FERBEL 66
LEVRAT 66

PRL 16 41
MICH C CG-1 112-4
P RL 16 1177
PR 152 1194
PL 21 111
PL 22 714

BARNES y FOWL ER ~ LA I y OR ENSTE I N + l BNL+C UNY)
G. C ~ BENSONt THES IS (MICH)
G BE NSCN t LCVELL y MARQUI T t ROE + {MICH)
R» EHRLICHyW ~ SELOVEt H»YUTA {PENN)
FERBEL ( ROCHESTER )
CERN MISSING MASS SPECTROMETER GROUP (CERN)

ADERHOLZ 64 PL 10 226 t AAC HEN+8 ERL IN+8 IR M+BONN+HA HBURG+ LGI C+HPI H)
CHUNG 64 P RL 12 621 +DAHLyHARDYtHESSyKALBFLEISCHyKIRZ (LRL)
GOLDHAB E 64 DUBNA CONF 1 480 G GQL/HASERy S GOLDHASER t CHALLORANt SHEN( LRL)
LANDER e4 pRL 13 346 +ABQL?&NSy CARHGNY, HENDRIKSy XUONG+ l LA JQLLA )

AS ASHI AN
EMMS
LCSTY
UN DE RWOO

ALSO
WAG&NER

FOR I NQ

HANDLER
MARGULI E

CERRADA
GH ID I Nl
MAY

PA WLI CKI

75
75
75
75
73
75

76
76
76

77
77
77
77

PRL 34 691
PL 588 117
PL 568 96
PR D 1 1 2345
CCNFORTQ ~ 73 K EY
PL 588 201

NC A 35 465
HP 8 110 173
PR D 14 667

HP 8 126 241
PREPRINT

PR D 16 1983
PR D 15 3196

+BEAHERyBROSSy E? SEHSTEIh&t+ (ILL+ANL+ ?SU )
+JGNESy Klf4SGNy STAC EY y BELL+ (8 IRM+DURH+RHEL)
+CHALQUP KA MONTA NET, GANDGI S+ (C ERN+5 ACL )
UNDERWOOD CONFORTQ ~ KE Y+(EF I+FNAL+THTO+WI Sc)

JP
JP

+TABAK yC HE W (LBL) JP

JP

+GESSARQLI y+ BGNA+F IRZ+GENO+MILA+OXF+PAY
+PL AND y BRUCKNER t KOLLER y y+ ( RUTG ~ STEYt SETO&
+K RAH ERy FOLEY y LOVE t L I ND ENBAUMy + l BNL+CUNY )

+BLOCKZI JL y HEINENy + ( AHST+C ERN+NI JH+CXF )
+ ( BARI+BONN+CERN+DARE+L IVP+M ILA )
+A BR AH SON y ANDREW S y BU SNE LLQ y+ l ROCH+C CRN)
+AY RES t CQHENt DIE BOLO t KR AMER t W I CKLUND ( ANL )
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Particle Data Group: Review of particle properties

Me sons
A2(131Q), E(142Q), X(141Q—144Q), f'(]515)

Data Card Listings
For notation, see key at front of Listings.

BA l TAY 1
BALTAY 2
CHABAUD
CORDEN 1
CORDEN 2
FERRER
HVANS
MART IN 1
MARTIN 2

78 PR D 17 62
78 PRL 40 87
78 NP 8 145 349
78 NP 8 136 77
78 NP 8 138 235
78 PL 74 8 287
78 NP 8 146 303
78 PL 74 8 417
78 NP 8 140 158

+CAUT IS ~ COHENS CSORNA~ SM ITHe YEH s+ (CQLU+8 ING)
+CAUTIS g KALELKAR (CGLU 1

+HYAMS g JONES g HEI LHAMMER ~ BLUNTS+ (CERN+MPI N)
DOWELLED GARVEYt JOBES+ ( BIRM+RHEL+TELA+LGWC )
+CQRBETTgALEXANDERe+ ( BIRM+RHEL+TELA+LCHC)
+TRE ILLEg RIVET + ( QRSAY+CERN+CDEF+L PNP)
+ JONES tHEI LHAMMERt BLUNTS + (CERN+MPIM+ATEN )
+QZMUTLU+BALDI ~BCHRI NGE RtDGRSA Z+ (DURH+G EYA)
+GZMUTLUt BAL Dly BCHRINGER, DORS AZ+(OURH+GEVA )

JP

JP

R4
R4
R4

E INTO (DELTA PI)/(ETA PI PI) (P4) /(P5)
0 4 0 ' 2 DEFCIX 72 HBC 0 ~ 7 PBAR Pg7 PI 1/73
NOT SEEN IN EITHER MODE CORDEN 78 OMEG 12-15PI-P 4/78¹

REFERENCES FOR E

R5 E INTO (4PI ) /{ KBAR K¹ (892) +C ~ C ) {P6) / (Pl )
R5 (0 90 )OR LESS CL= 95 DION ISI 80 HBC 4 ~ PI-P K K PI N 12/79¹

ABRAMS 79 SLAC-PUB 2421
CHABAUD 79 CERN/EP 79-15

DA UM 80 PL 89 B 276

¹¹¹¹¹¹¹¹¹

+ALAN' BL QCKERt BOYARSK I t + ( SLAC+LBL)
9 +HYAMS tPAPADOPGULOUg+ (CERN+MP IM+AMST )

+HERTZ BERG ER+ ( AM ST+C ERN+CR AC+M P IM+GXF~RHE L ) J P

BA ILLQN 67 NC 50A 393
BARASH 67 PR 156 1399
DAHl 67 PR 163 1377

ALSO 65 PRL 14 1074
FRENCH 67 NC 52A 438

+EDWARDS+D-ANDLAU+AS TIER+ ( CERN+CDEF+ IRAD )
BARASH ~KIRSCH v MI LLERe TAN ( COLU M 8 I A )
+HARDY+HE SS+K I RZ+MIL LER (LRL) I JP
MI LL ER gCHUNG g DAHLIA HESS g HARDY' K IRZ+(LRL+UCB )
+K IN SON+ MC DONALO+RI DDI FORD+ ( CERN+B IRM )

E(148Q) 1420 J PG=1++) I =0

FOSTER
BETT I NI
LORSTAD
DEYCNS

68 NP 8 8 174
69 NC 62 A 1038
69 NP B 14 63
71 PRL 27 1614

+GAVILLETi LABROSSE~ MONTANET v+ ( CERN+CDEF )

+CREST I g L I MENTANI ALBERTA UZA FBI G I+ ( PADO+ P ISA ) I C

8 ~ LQRSTAD ~ D ANDLAU t AST IERy + ( CDEF+C ERN) J P
+KQZLCWSKI yHGRHI TZ v+ t CCLU+SYRA)

M

M

M

M

M

M

M

M

M

M

M

1425 ~

1 420.
1423.0

3 10 1420 ~

170 1398'
280 1406
36(1397~ 0)

1417+ 5
221 1426. 0

6 E MASS (MEV )

7 4

20 ~

10' 0
7 ~

10.
7 0

(10 ~ 0)
4 ~

6 ~ 0

BA ILLQN
DA HL
FRENCH
LCRSTAD
DEFCIX
DUBQC
CORD EN

NACA SCH
DION ISI

67
67
67
69
72
72
78
78
80

~ ~ ~ ~ ~ ~ I ~ ~

AVG . 1417 9 2 9 A YERAGE ( ERROR I NCL
STUDENT 1418.3 2 ~ 8 AVERAGE USING STUDE

( SE E I DEQGRAM BELCH

HBC
HBC
HBC
HBC
HBC
HBC
OM EG
HBC
HBC

0 ~ PBAR P 11/66
1 6-4e 2 PI — P 9/66
3-4 PBA R P 6/67.7PB Py 4g 5-BOD Y 9/69

0 ~ 7 PBAR Pg7 PI 1/73
1 ~ 2 PBAR P yZK tP I 12/72
1 2- 15 P I —P y K+ K- P I 4I7 8¹

7g. 76 PBAR P . 4/78¹
4. PI —Pp K K PI N 12/79¹

UDES SCALE FACTOR GF 1 2 )
NTI0(H/1 ~ 11) -- SEE MAIN TEXT

CHAPMAN 72 NP 8 42 1
DEFQ IX 7Z NP 8 44 125
DUBQC 72 NP 8 46 429

VU ILLEMI 75 INC 14 165

HANDLER 76 NP 8 110 173
VUILLEMI 76 NC 33A 133

EDHARDS 77 PREPR INT
GRASSLER 77 NP 8 121 189

CCRDEN 78 NP 8 144 253
IRVING 78 NP 8 139 327
NACASCH 78 NP 8 135 203

ST ANTON 79 P RL 42 346

+CHURCH gLYSt MURPHY g RI NG ADVANCER V ELDE {MICH)
+NASC IMENTG BI ZZARRI + (CDEF+CERN)
+GQL DB ERG' MAKGWSK I y DCINA LD ~ + {LPNP+ j I VP )

VU IL L EM IN g + ( LA US+ NEUC+L P NP+ LI OP+ G LAS ) J P

+PLANCg BRUCKER~KQLLER+ (RUTG+STEV+ SETO)
+VUI LL EMi INy + ( LAUS+NEUC+LP NP+LI VP+G LA S )

+L EGAC EY+( OTTA HA+ MON TRE A L+C QLUMB US+TORONTO)
+ ( AACH EN+ 8ERL I N+ BONN+CEHN+C RACOW+HEI D+W ARS )

+CORBETTt AL EXANDERs + ( 8IRM+RHEL+ TELA+LGWC )
A C I R VI NG ~ H R S E P ANGI (L IVP )
+DEFQIXgDOBRZYNSKI g+ (PARI S+MADRID+CERN)

+BROCKMA N DANKOWYCH ~ + (CSU+CARL+MCGI+T NTO) J P

LIEIGHTED AUERAGE = 1417 .9 + 2 .9
ERRijR SCALED BY 1.2

DI CNI SI 80 CERN/EP 80-1 +GAVI L LET g ARME NTERCS+ ( CERN+MA CR+CDEF+STOH ) Ig J P

¹¹¹¹¹¹¹¹¹

38 X{1410-1440)

THIS ENTRY LI ST PEAKS OF LQH STATISTICAL
SIGNIFICANCE' SEEN IN RHQO RHQO GR K KBAR ~

OMITTED FROM TABLE ~

13BO 'l 400
E f1ASS ( f1EU 3

1420

DHISI
CASCH
BljC
F CIIX
RSTAD
ENCH

HL

ILL ljN

1460

BO HBC
7B HBC
72 HBC
72 HBC
69 HBC
6? HBC

67 HBC

67 HBC

CHISQ
1.8
0.0
2.9
4.0
0.1
0 ~ 3
0.0
1.0

10.1
( CljNLEU
=0.1BS)

38 X(1410-14401 MASS ( MEV)

M ——----RH CO RHOO MGD E-———
M {1410+ 0)
M ————KS KS MODE
M 8 POSSI BL Y SEEN

B THE AUTHQRS ASSOCIATE THE
M B E STIMAT IQN IS DIFFICULT
M 1412 23
M 1439 ~ 0 5 ~ 0 6 0

( 1425 0)
M (1405. )
M ~ ~ ~ ~ ~ ~ e ~ c

M A VG 1437. 5 5.3
M STUD ENT1437 ~ 7 5 '9

BETTINI 66 DBC 0 0. PBAR Ng5 PI 2/74

5/67ABRAMS 67 HBC 4 25 K— P
PEAK HITH THE F PRIME~ BUT BACKGROUND

1 .2 P BAR P 5/67
5g7p12 PI —P 9/67
20 3 PI — PvK — KS 2/71

0 0.7 PBAR Pg7 PI 1/74

67 HBC
67 OSPK
71 CNTR
73 HBC

BARLOH
BEUSCH
FOLEY
DEFGIX

A VERAGE ( ERROR INCLUDES SCAL E FACTOR OF I ~ 0 )
AVERAGE USING STUDENT10(H/1. 11) —— SEE MAIN TEXT

38 X(1410-1440) WIDTH (MEV)-------RHQO RHQO MODE-------
(90 0) BETTINI 66 DBC 0 0. PBAR Ng 5 PI 2/74

H

W

W

W 310
H 170
W 280
H 36
W

221
W

AVG '

W STUDENT

83 ~

60 ~

45
60 ~

50 ~

50.
45 ~

53.
40 '

0)

s ~

57 3
55 ' 5

6 E WIDTH (MEV)

10
20 ~ 0
20 ~

20
10 '
12

(30 oO )
20' 0
15 ~ 0

BAILLGN
DAHL
FR ENCH
LCRSTAD
DEFCIX
DUBQC
CQRDEN
NACASCH
D ION I SI

67 HBC
67 HBC
67 HBC
69 HBC
72 HBC
72 HBC

'

78 QM EG
78 HBC
80 HBC

0 PBAR P 11/66
1 6-4 2 P I- P 10/66
3-4 PBAR P 6/67

~ 7PB Py 4g 5-BODY 9/69
0 7 PBAR Pg7 PI I/73
1 2 PBAR P pZK4P I 12/72
1 2- 1 5P I —P K+ K- P I 4/78¹

7 g ~ 76 P BAR P 4/78¹
4. PI-P g K K PI N 12/79¹

5.2
i0

6 E PARTIAL DECAY MODES

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 1 )
AVERAGE USING STUDENTIO(H/1 11) —SEE MAI N TEXT

MODE
70 ~

17 0
OR LESS

-------KS KS
100

43
(20
(40

W

W

'H

W

W AVG
H STUDENT

0)
)

\ ~ 0 I 0 0 ~ ~

46 ~ 4 17.0
46 ~ 2 18.5

BETT INI
ABRAMS
BA RLGH
BEUSCH
DQNAL 0
FCLEY
DEFQ IX
POLYCHPG

66 NC 42A 695
67 PRL 18 620
67 NC 50 A 701
67 PL 25 8 357
69 NP B I 1 551
71 PRL 26 413
73 PL 43 8 141
79 PR D 19 1317

BARLQH 67 HBC 1.2 PBAR P 5/67
18.0 BEUSCH 67 GSPK 5,7 12 PI-P 9/67

FOLEY 71 CNTR — 20 ~ 3 PI — P gK- KS 2/71
DEFGIX . 73 HBC 0 0 7 PBAR Py7 PI ). /74

AVERAGE ( ERROR IN CLU DES SCALE- FAC TOR OF 1 0)
AVERAGE USING STUDENT10{H/1 11) —SEE MAIN TEXT

REFERENCES FGR X (1410-1440 )

+CRES T Ii LIMENTANIg LORIAg PERUZZQ+( PADO+P I SA)
+KEHQE t GLASS ER& SECHI —ZGRN& WOLS KY ( MARYLAND )
+MGNTANETy D-ANDLAU+ ( CERN+CDEF+ IRAD+L IYP)
+F IS CHERt GQBBIg AST BURY+ {ETH+C ERN )
+EDWARDS gBURANgBETTI NI g+ (LI VP+QSLO+PADO)
+LOVEgQZAK I g PLATNERy LINDENBAUM g+ ( BNL+CUNY)
+DOBRZYNSKIg ESPIGATg NASCIMENTQp+ (CDEF )
PGLYCHRONAKOSgCASQNg BI SHOP+ ( NDAN+ANL)

Pl
P2
P3
P4
P5
P6

E INTO K K¹ (892)
E INTO K KBAR PI
E INTO PI P I RHQ
E I Nl 0 DELT A PI
E INTO ETA PI PI
E INTO 4 P I

DECAY MASS ES
49 7+ 892
497+ 497+ 139
134+ 134+ 776
981+ 139
548+ 139+ 139
139+ 139+ 139+ 139

if ~
( j 13 F PRIME(1515t JPG 2++) I~ 0

13 F PRIME MASS ( MEY)

Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2

R3
R3
R3
R3

6 E BRANCHING RATIOS

E INTO (KBAR K¹(892) + C~C ~ )/(K KBAR PI
N 50 10 BA ILLGN
N 0 86 0 1Z DION I SI
M F RGNl JP=0- SOLUTION
N FRQN JP= 1+ SOLUTION

0 ~ ~ 0 0 0 ~

AYERAGE MEANINGLESS (SCALE FACTOR = 2 3)

E INTC (PI PI RHQ) / (K KBAR PI)
{2 0) QR L ESS DA HL
(0 3) OR LESS CL=.95 CQRDEN

E INTO (ETA 2 P I)/(K KBAR PI)
{l. 5) OR LESS CL=. 95 FOSTER

1 ' 5 0 ' 8 DEFCIX
(0 ~ 5) QR LESS CL= ~ 95 CGRDEN

(P3)/(P2)
67 HBC 0 1 6—4-2 Pl- P 10/66
78 QMEG 12-15PI-P 4/78¹

( P5) /(P2)
68 HBC — 0 0 P BAR P
72 HBC 0 7 PBAR P
78 ONEG 12-15PI-P

9/69
1/73
4/78¹

) ( P 1 ) /(P2)
67 HBC 0 0 PBAR P 12/78¹
8'0 HBC 4 PI-P wK K P I N 12/79¹

M P
M 8
M 8
M P
M P
M P
M P
M EP

M

M

M

M

M

M A

M S

14 (1480 0 )
5( 1460 )

BACK CROUND
(1515»0)

100( 1519~ )
46(1514 )
47( 1521~ )

120 (1527 ~ 0)
123 1 522 0
166 1528'

C 1506 ' 0
N ( 1502 ~ 0)

(1492 0)
~ a ~ 0

YG 1516 1
TUDENT1517 1

CRENNELL 66 HBC 6 ~ 0 PI- P 8/66(10, ) ABRAMS 67 HBC 4.25 K- P gKS KS 5/67
EST IMAT IQN DIFF IC UL T ~ 5/67

(7 0) ANMAR 67 HBC 5 ~ 5 K-P K KBAR 9/67
(7 ~ ) AGUILAR 72 HBC 3 ~ 9t4 ~ 6 K-~K KB 12/72
{4 COLL EY 72 HBC 10 K+ P g K+ K- 1Z /72(7. ) VIDEAU 72 HBC 4iK- PeK KBAR 12/72(6.0) BRANDENBU 76 A SPK 1 3 ~ K-P t K+ K- 7/7 76.0 BARREIRO 77 HBC 4.15 K-PgKS KS 7/77
7. EVANGELI S 77 OMEG 10 K- P 12/77
5 ~ 0 PAWL ICKI 77 SPEC 6 ~ PI Ng K+K- 12/77

(25 ' 0) CORD EN 79 OMEG 12—15)'I-P ~ N 2P I 12/79¹(29.0) GORL ICH 79 ASPK 0 1 7 PI — P~ PGLARI Z 12/79¹
~ ~ ~ ~ ~

6 ~ 7 AVERAGE ( ERROR INCLUDES SCALE FACTOR CF 2 0 )
4 9 AVERAGE USING STUDE NT10( H/I 1 1) —— SE E MAIN TEXT
( SEE IDEOGRAN BELCH )
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Particle Data Group: Review of particle properties S141

Data Card Listings
For notation, see key at front of Listings.

Mesons
f'(1515), Fi(1540), p'(1600)

iJEIC HTED AVERAGE = 1516 .1 + 6.7
ERRljR SCALED BY 2.0

R6 F PRIME INTO (PI+ PI+ PI- PI —)/(K KBAR) (P7)/(PZ)
R6 (0 ~ 32 ) GR LESS CL= ~ 95 AGUILAR 72 HBC 3 ~ 9 4 6 K- P 12/72

BARNES 65 PRL 15 322

REFERENCES FOR F PRIME

+CULWICKgGUIDGNIg KALBFL EISCHg GOZ+( BNL+SYRA )

CRENNELL 66 PRL 16 1025 + KALBFLEISCHgLAIq SCARR y SCHUMANN + {BNL) I

ABRAMS 67 PRL 18 620 +KEHOE r Gl-ASSER r SECHI ZORN~ WOLS KY {MARYLAND)
AMMAR 67 PRL 19 1071 +DAVIS HWANG DAGAN DERR ICK + (NWES+ANL) JP
BARNES 67 PRL 19 964 +DQRNAN ~ GOLDBERG y LE I TNE R + ( BNL+S YRACUSE ) I CJ P
ALITTI 68 PRL 21 1705 +BARNESt CRENNELLe FLAM INIO ~ GOLDBERG'+ ( BNL)

LORSTAD 69 NP 8 14 63
SCOTTER 69 NC 62 A 1057

8 ~ LORSTADg 0 ANDLAUyASTIERy+ (CDEF+CERN)
+ERSKINE' PALER'+ (8 IRM+GLAS+LOIC+MPIM+GXF )

M C

M E
N

M

M

M P

1490 1510 1530
F PRIIAE f1ASS ( f1EV j

LICKI 77 SPEC
N6ELIS 77 0$1EG
REIRO 77 HBC

1550

CHISQ

2.9
1.0
7.9

(CONLEV
=0.019)

WITH A PHASE SHIFT ANAl VS IS
MASS ERRORS ENLARGED BY US TC WIDTH/SQRT(N) CSEE K¹ TYPED NCTF ~

FROM AN AMPLITUDE ANALYSIS WHERE THE F PRIME WIDTH AND

ELASTICI TY ARE IN CQMPl ETE DISAGREEMENT WITH VALUES
GBTA INED FROMi KK BAR CHANNEL MAKING THE SGLUTI CN DUBI QUS
F-A2 —F PRI YE I NT ERFERENCE IN K+K- FINAL STATE NQT ACCOUNTED FOR

AGUILAR 72 PR D 6 29
COLL EY 72 NP B 50 1
VIDEAU 72 PL 41 B 213

BEUSCH 75 Pl 60 8 101

AGU ILAR-BENITEZg CHUNGt E ISNERg SAMIOS { BNL)
+ JOB ES g RI DDIFQRDg GRI FF I THSr + ( BIRM+GLAS )
+VIDEAU ~ ROUGED BARREL ET@ DEBR ION t+ ( EPGl + SAC L)
+8IRMANe WEBSDALE gWETZEL (CERN+ETH)

BARREIRG 77 NP 8 121 237
EVANGEL I 77 NP 8 127 384
I AVEN 77 NP 8 127 43
PAWLICKI 77 PR D 15 3196

+DIAZ' GAY' HEMINGWAY'+ (CERN+AMST+NI JM+GXF )
EVANGELI STAp+ (BAR I+BQNN+CERN+DARE+GLAS+)
+0 T T E R g KL E IN y + ( A AC H+ 8 E R L+C E RN+ L 0 I C+ W I E N )
+AYRES sCOHEN sDI E BOLDe KRAMERv W I CKLUND ( ANL ) I J P

AB RAM S
BECKER
CGRDEN
GGRL ICH
MART IN
PQLYCHRO

79 SLAC-PUB 2421
79 NP 8 151 46
79 NP 8 157 250
79 C ERN/ EP 79-139
79 NP 8 158 520
79 PR D 19 1317

+ALAMO' BLOCKER' BQYARSKIy+ (SLAC+LBL)
+BLANAReBLUMyCERRADA+ ( MPIM+CERN+ZEEM+CRAC)
+DOWELL

O'GARVEY

p JOBESy+( BIRM+RHEL+TELA+LGWC) JP
+NI C ZY PGRUK gRGZANS KA+ ( CRAC+MP 1M+CERN+2 EEM )
+QZMUTLU {DURH)
POLY CHRONAKGSy CASONy 8 IS HOP+ (NDAM+ANL)

BRANDENB 76 NP 8 104 413 BRANDENBURG CARNEGIE CASHMGRE DAV I ER+( SLAC)

5 ( 53 ' )
BACKGROUND

(35 0)
(69 ~ )
(28
(40+ j
(bl 0)
62. 0
72 ~ 0
66.0

( 165 0)
(150.0)

92 ~ 0

8
W 8
W P
W P 1

P
EP

W EP 1
W 1
W 1
W C
W N

W

W . M

W

W AVG
STUD

00

47
ZO
23
66

~ ~ ~ ~

67 ' 4
ENT 67~ 3

13 F PR IME WIDTH ( ME V)

(18 )
FST IMAT ION

(25 0)
(22 )
(15 ~ )
(20. )
(ZZ ~ 0)
19~ 0
25 0
10 ~ 0

( 42 ~ 0)
(83 ~ 0 )
39 0

7 8
8+ 4

ABRA MS

DI FF ICULT
AMMAR-

AGUI LAR
CQLLEY
VIDEAU
BRANDENBU

14.0 BARR EI RQ

EVANGE LI S
PAWLICKI
CORD EN
GQRL ICH
PQLYCHRQN

67 HBC 4 ~ 25 K- Pg KS KS

5.5 K-Pg K KBAR
3 9 ~ 4 ~ 6 K-PtK KB
10 K+ PgK+ K-
4.K- Pg K KBAR
13 K-Pr K+K-
4 ~ 15 K-PgKS KS
10 K- P
6 ~ PI Ng K+K-
12-15PI—Pg N 2PI

0 17 PI — PgPGLARIZ
7 ~ Pj-Pt KS KS N

5/67
5/67
9/67

12/72
12/72
12/72
7/77
7/77

12/77
12/77
12/79¹
12/79¹
12/79¹

67 HBC
72 HBC
72 HBC
72 HBC
76 A SPK
77 HBC
77 GMEG
77 SP EC
79 GMEG
79 A SPK
79 ST RC

(50 0)
22 ' 0

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/le 1 1) -- SEE MAIN TEXT

M

M

M

M 8
M 8

47 F j(1540' JPG= ) I=1
1%

JP 2-y 1+ FAVORED ~

A NEW EXPERIMENT (CERRADA 77' MONTANET 77)
W ITH 5 TIMES THE STATISTICS OF AGUILAR 69 DOES
NOT CONF IRM THE Fl CMITTED FROM TABLE ~

47 F 1 MASS (MEV)

10(1490~ 0) {20~0) AD E RHGLZ
142 1 540 ~ 0 5 ~ 0 AGU I LAR

25( 1 543 ~ 0) (3 ~ 0) DUBGC
70(1557 i ) ( 10 ~ ) BAKKEN
DUB I OUS BACKGROUND SUBTRACTION

69 H BC + 8 PI+ P g KKBARP I ~ 1 1/69
69 HBC 0 ~ 7PBARP g KKBARPI 11/69
71 HBC 0 1 1-1~ 2 PBAR P ~ 2/72
75 HBC + 19 PP ePN3PI 12/75

47 Fl WIDTH {MEV)

W C
W E
W

W

W N

hl

W

W P

WI TH A PHASE SHIFT ANALYSIS
WIDTH ERRORS ENLARGED BY US TQ 4¹WICTH/SQRT(N) CSEE K¹ TYPED NOTE
FROM A F IT TQ THE D WAVE W ITH F—F PRIME INTERFERENCE MASS F I XED
AT 1516 ME V ~

FROM AN AMPL ITUDE ANALYSIS WHERE THE F PRIME WIDTH AND

ELAS I ICI TY ARE IN COMPLETE DISAGREEMENT WITH VALUES
OBTAINED F ROM KKBAR CHANNEL MAKING THE SQLUTI CN DUBI QUS

F —A2 —F PR IME INTERFERENCE IN K+K- FINAL STATE NQT ACCOUNTED FGR

W

W

8
W 8

10 ( 85 ~ 0) ( 39 ~ 0) ADERHGLZ
142 40. 0 15.0 AGUILAR

25 (16~ 0) (10~ 0) DUBOC
70 (40 ) ( 10 ' ) BA KKEN
DUBIOUS BACKGROUND SUBTRACT ION

47 Fl PARTIAL DECAY MODES

69 HBC + 8 PI+ P KKBARPI 11/69
69 HBC 0 ~ 7PBARPf KKBARP I 1 1 /69
71 HBC 0 1 l-l ~ 2 P BAR P 2/72
75 HBC + 19 PPgPN3P I 12/75

Pl
P2
P3
P4
P5
P6
P7
P8

F PR IMiE INTO
F PRI ME I NTQ
F PR IME INTO
F PRIME INTO
F PRIME I NTC
F PRIME INTO
F PRIME I NTQ
F PRIME INTO

13 F PRIME PARTIAL DECAY MODE S

Pj PI
K KBAR
K K¹ ( 892)
ET A ET A

PI PI FTA
Pj K KBAR
PI+ P I+ P I — P I—
GAMMA GAMMA

DECAY MASSES
139+ 139
497+ 497
49 3+ 892
54 8+ 548
139+ 139+ 548
13S+ 497+ 4 97
139+ 139+ 139+ 139

0+ 0

Pl
P2
P3

F 1 INTO K KBAR PI
F 1 INTO K¹( 892) KBAR
Fl iNTO 3 PI

ADERHQLZ 69 NP 8 11 259
AGUILAR 69 PL 29 B 379
AGU I L AR 69 NP 8 14 195

DECAY MASSES
134+ 497+ 4 97
892+ 497
139+ 139+ 139

¹¹¹¹¹i{i¹¹¹
REFERENCES FOR Fl

+BARTSCHg+ ( A AC H+ 8 ERL+C E RN+CR AC+ W AR S )
+BAR LOW JACOBS D-ANDLAU ASTI ER+ (CERN+CDEF )
+BARLOWg JACGBStD-ANDLAU eASTIER+ (CERN+CDEF )

Wl 8
Wl 8

13 F PRIME PART IAL WIDTHS

F PRIME INTO GAMMA GAMMA (KEV)

(1~ 2) QR LESS CL=O ~ 95 ABRAMS 79 SMAG
US ING BRANCHING RAT IQ F PR IME INTQ K K BAR "- 1 ~

13 F PR IME BRANCHING RATI QS

12/78¹

12/78¹

12/79¹
12 /78¹

GUBOC 71 PL 34 8 343 +GOLDBERG' MAKOWSKI g TGUCHARDg+ ( IPNP+L IVP)

CHAPMAN 72 NP 8 42 1
CU BGC 72 NP 8 46 4Z9

BAKK EN 75 NP 890 227

+CHURCH g LY S g MURPHY y RI NG e V ANGER V EL DE ( M IC H )
+GOLDBERG' MAKGWSKI f DONALO'y+ ( LPNP+L I VP )

+ JACOB SEN g QLSSONg SKJ E VL ING (QSLG)G=-

CERRADA 77
MGNTANET 77

PRE PR ~ BUDAPEST C +DIAZ FERRANDG GA RZON+ (MADR+T ATA+CERN+C DEF )
PR I VA TE COMMUN ~ L ~ MON TANE T {CERN)

MINNAERT 78 NP 8 132 88 +BI LLY g+ ( BORD+ LP NP+LAUS+NEUC+LIV P+GLAS ) J P

)
8 9 PI —

PINKO

KO N

1 3 K- P g K+K-
15 K-Pg KS KS

6 Pj NgK+K-
12-15PI-P g N 2P I
1 7g1 8 PI-P POLAR

I NPUT

R3
R3

F PRIME INTC (ETA ETA)/(K KBAR)
(0 50) OR LESS BA RNES 67 HBC

(P4)/(P2)
4 ' by 5~0 K- P

R4 F PRIME INTO {PI PI ETA) /(K KBAR)
R4 (0 ~ 3) OR LESS C L= ~ 67 AMMAR
R4 A (0 ~ 25 ) (0 ~ 13) BARN ES
R4 A SUPERSEDED BY AGUILAR 72
R4 (0 41 I OR LESS CL= ~ 95 AGUILAR

67 HBC
67 HBC

72 HBC

(P5 ) /(P2)

by 5 ~ 0 K- P

3 ' 9r 4 ' 6 K- P

R5 F PR II4IE INTO l PI K KBAR + K K¹(892) )/(K KBAR)
R5 (0 ~ 4) OR LESS CL= 67 AMMAR 67 HBC
R5 (0.35 ) OR LESS CL= 95 AGUILAR 72 HBC

(P6+P3)/(P2)

3 ~ 9g4 6 K- P

Rl F PR I ME I NTQ ( PI PI ) /TGTA{ (Pl
Rl C (0 0086) OR LESS BEUSCH 75 QSPK
Rl (0 ~ 063) OR LESS CL=O ~ 90 BRANDENBU 76 ASPK
Rl (0 045) OR LESS CL= 0. 95 BA RREI RQ 77 HBC
Rl C 0 ~ 012 0 004 PAWL ICKI 77 SPEC
Rl N (0 ~ 19) ( O~ 03) CGRDEN 79 OMEG
Rl C {0.027) (0.071 ) ( 0.013)GQRLICH 79 A SPK 0
Rl C D 0.0075 0 0025 MARTIN 79 RVUE
Rl C ASSUMING THAT THE F PRIME IS PRODUCED BY AN QPE
Rl PRODUCT IGN MECHANISM
Rl D MART I N 79 USES THE PAWL I CKI 77 DATA WITH DIFF ERENT
Rl VALUE GF THE F INTO K KBAR BRANCHING RATIO.
Rl ~ ~ ~ ~ 0 ~ ~ ~ ~

Rl AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

12/77
7/77
7/77

12/77
1Z/79¹
12/79¹
12/79¹

10/67

10/67
10/67

12/72

10/67
12/72

65 RHO PRIME( 1600' JPG=1-+) I=1

+ +
The p (1600) was first seen in the Tr Tr Tr m

system, . or its p Tr Tr subsystem, in photoproduction

( BINGHAM 7 2 ~ DAV IER 73 & SCHACHT 74 & ALEXANDER 75 g

+
LEE 75, ATIYA 79, RICHARD 79) and in e e annihila-

tion (BARBARINO 72, CONVERSI 74, CORDIER 79, COSME

+ 0 +
79) . The Tr Tr system in the p Tr e final state is
apparently in an S wave, although no E resonance at
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S142 particie Data Group: Review of particle properties

Me sons
'(1600)

Data Card Listings
For notation, see bey at front of Listings.

suf ficiently low mass exists to make this final
state a quasi-two-body pE: system. For this reason

all pc analyses have difficulties and all mass fits
are strongly parametrizatian dependent (SMADJA 72,
BUDNEV 77, CORDIER 79) . Noreover, other mechanisms

+exist. that can simulate a resonance peak in e e

annihilations to 4Tl (HIRSCHFELD 74) and in photo-
production (SCHACHT 74).

Evidence for a 2& decay mode has been looked
+for in phase-shift analyses of the Ti p ~ Yi Ti n

+reaction, as well as in photoproduction and e e
t +annihilatibns. The decay p ~ Ti Ti has been

reported in photoproduction (ATIYA 79, RICHARD 79)
with a branching ratio of 16+ 5-o (RICHARD 79) .
This information can now be used to distinguish
between the various phase-shi ft solutions.

As noted in the mini-review on S-wave TiTt

interactions, the solutions denoted 8' and 8 of
MARTIN 77 fit the data of BECKER 79 bes t, wit, h a

slight preference for solution 8' in. the p' region,
1.5 to 1.7 GeV. Both solutions require a p' at
1575 NeV. However, solution 8 has a branching

ratio to 277 of 30-o, while 0' has a branching ratio
of only 15-o. Thus the photoproduction data also
select 8' .

The unique solution of PROGGATT 77 and the
solution B of CORDEN 79 are similar to solution g

(having, however, problems with the unitarity of
the S wave ) .

Further support for the p' (1600) comes from

65 RHG PRIME MASS ( ME V)

M

M

M

M

M

M P
M

M P
M 10 .0
M 24 0
M 21 0
M AP PROX ~

M 20. 0
M ~ 0 ~ ~ I ~ ~ 4 ~

AVERAGE MEANI NGLE SS {SCALE

50 ~

(20 }
60
50 ~

3.00
60 '
30.
30 ~

400 1430
H (1590 )

1550~

160 1550~
340 1450~

E5 1570~
16 10
1540

( 1575~ )
R 1600 ~ 0

1558. 0
H 1533~ 0

(1600' 0}
M 1650m 0

22 ~ 0

BI NGHAM
HYAMS
CQNV ERS I
SC HACHT
SC HAC HT
ALEXANDE R

F RGGGATT
LA PL ANCHE
MARTI N

AT I YA
BECKER
CGSME
Rj CHARD
SPIHETTI

FACTOR = 1~9)

72 HBC
73 A SPK
74 0 SPK
74 ST RC
74 STRC
75 HBC
77 RVUE
77 OSPK
78 RVUE
79 SP EC
79 AS PK
79 OS PK
79 QM EG
79 RVUE

0 9 3 GAM PwP 4PI
0 17 Pj-PpN PI+PI-
0 E+ E- TO 4P I
0 5 5-9 G Pg P 4PI
0 9-18 G Pg P 4P I
0 7 ~ 5 GAM PyP 4PI
0 17 PI-PgPI+PI-N
0 E+E- TO 4P It bPI
0 17 PI-Pr PI+PI-N

50 GAM C gZPI
0 17 P.I- P PGLARI Z

0 E+ E-g4PI
20-70 GAM Pt 2PI
E+ E-

12/72
1/74

12/75
12/75
12/75
12l75
12/77

1/78
12/77
12/79''
12/794
12/79~
12/79&
12/794

M H INCLUDED I N BECKER 79 ANALYS IS
W M WITH ONLY ONE BREI T WI GNER FIT ~

M N WITH TWQ BREIT WIGNER FIT
P FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA

M R AN ADDIT IONAL 40 MEV UNCERTAINTY I N BOTH THE MASS AND WIDTH
M R I S PRESENT DUE TO THE CHOI CE QF THE BACK GROUND 5 HAP E

I

65 RHG PRIME WIDTH (MEV)

W 400
H

W

W E 360
W E 340
W E 65
W P
W

W P

W R
W

W N

ff
M

W

W A VE RAGE

650
( 180
360~

400 ~

850.
340
300
220

( 340 ~

283 ~

175
202
230 ~

7 10~

1 00+
(50
100.
120.
200 ~

160
3.00 ~

70 ~

14 ~ 0
98+0
70 ~ 0
80 ~ 0

160 0

53 0

BI NGHAM

HYAM S
CGNV ERS I
SCHACHT
SCHACHT
ALEX ANGE R
FRGGGATT
LAPLANCHE
MARTIN
AT IYA
BECK ER
COSME
R I CHARD
SPINE TTI

~ ~ ~ ~ ~ ~ l ~ ~

MEANINGLESS ( SCALE FACTOR = 1 ~ 6}

72 HBC
73 A SPK
74 OS PK
74 STRC
74 STRC
75 HBC
77 RVUE
77 OSPK
78 RVUE
79 SP EC
79 AS PK
79 0 SPK
79 OMEG
79 RVUE

0 9 3 GAM Py P 4PI
0 17 PI-Pg N PI+PI-
0 E+ E- TO 4PI
0 5 ~ 5-9 G PgP 4PI
0 9-18 G PtP API
0 7 ~ 5 GAM PgP 4PI
0 17 PI-Pt PI+PI-N
0 E+E- TQ 4P Ig6PI
0 17 PI-Pg PI+PI-N

50 GAM CtZPI
0 )7 PI- P POLARIS
0 E+ E- y4PI

20-70 GAM Pg 2PI
E+ E-

12/72
12/75
12/75
12/75
12 /75
12/75
12/77

1/78
12/77
12/794
12/79+
12/794
12/79+
12/79+

E WIDTH ERRORS ENLARGED BY US TG 4&W IDTH/SQRT(N ) t SEE K& TYPED NCTE
W H INCLUDED IN BECKER 79 AHALYSI S
W M W ITH CNLY GNE BRE I T Wj GNER F IT a

W N WI TH TWO BRE IT WI GNER FIT
P FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA

W R AN ADCIT IQNAL 40 MEV UNCERTAINTY IN BOTH THE MASS AND WIDTH
W R IS PRESENT DUE TO THE CHOICE GF THE BACKGROUND SHAPE+

65 RHO PRIME PARTIAL DECAY MODES

Pl
P2
P3
P4
P5
P6
P7

RHG PRIME jhTQ RHO PI PI
HEUTRAL RHO PRI ME I NTQ ALL 4 CHARGED PI MODES
RHG PRIME INTO RHQ RHQ
RHQ P R I ME I NTD PI P I
RHO P R IME INTO KBAR K
RHQ P R IME I NTO PI OMEGA
RHO PR IME I NTO PI+ PI — PIG PI 0

DECAY MA SSE S
139+ 139+ 7 76
139+ 139+ 139+ 139
77 E+ 776
139+ 139
493+ 493
139+ 782
139+ 139+ 134+ 134

.Rl
Rl S
Rl S
Rl
Rl S

65 RHG PRIME BRANCHING RATIOS

RHQ PRIME INTO (RHD PI+ PI-)/(4 PIg ALL CHARGED} (Pl) /(P2)
DC MI NANT BARBARINQ 72 OSPK E+f- TG 4 PI

( 80) 8 INGHAM 72 HBC 9 ~ 3 GAM P y P API
500 0~ 7 0 1 SCHACHT 74 ST RC 5 ~ 5-18 G P p P 4P I

THE P I PI SYSTEM I S IN S WA VE

1/73
1 /73

12/75
1/73

1/73
R2 RHO PRIME INTO (RHQ 0 RHQ 0)/(RHQ 0 PI+ PI —) (P3)/(Pl)
R2 NONE (FORBIDDEN B Y I= 1)BINGHAM ' 72 HBC 9 ~ 3 GAM P y P 4PI

an analysis of the pion form factor (GENSINI 78) .
+ +

No p' (1250) is required in e e ~ Tr Ti when the

R3
R3
R3
R3

RHO PRIME INTQ ( PI+ PI-) l( 4 PI g ALL CHARGED) ( P4) I {P2)
( 2) 'OR LESS 2 SIGMA BINGHAM 72 HBC 0 9.3 GAM Pt P 2PI

(0 14) OR LESS ESTIMATE DAVIER 73 ST RC 0 6-18 G P t P 4P I
0 ~ 16 0 ~ 05 RICHARD 79 GMEG 2 0-70 GAM PpZPI

1/73
1/74

12/794

analysis is extended well outside the p'(1600)
region. The p'(1250) resonance, claimed mainly by

vector dominance arguments to explain the nucleon

form factors, is also not found in any of the phase-
Pshift solutions. The J = 1 partial wave of the u37i

system is expected to contribute to the pion form

factor (ROOS 75, COSTAl 77); it is indeed strong in
the 1250 NeV region, but does not exhibit a resonance

behavior (CHUNG 73, 75, CHALOUPKA 74, BUDNEV 77,
GESSAROLI 7 7 ) .

The p
'

( 1600) is most explicitly seen in e e

R6
R6
R6

R7
R7
R7 U

R7 U

RHO PRIME INTO (PI+ PI- PI 0 PIO) l(4PI g ALL CHARGED)
( P7) l(P2)

( 1 ~ ) OR LESS E STI MATE DAVI ER 73 ST RC 6-18 G P g P 4P I

RHQ PRIME INTO ( Pj+ PI — + NEUTRALS)/{4P It ALL CHARGED)
(P7+.. .)/(P2)

(2.6) (0.4) BALLAM 74 HBC 9 3 GAMMA
' P

UPPE R LI MI Te BACKGROUND NOT SUBTRACTED

REFERENCES FOR RHG PRIME

RHQ P R IME I NTQ ( KBA R K) /( 4 PI o AL(. CHARGED) ( P5) I (P2)
( 04) OR LESS CL=0, 95 BINGHAM 72 HBC 0 9 ~ 3 GAM P

R5 RHQ PR IME INTO (P I+PI-)/TOTAL (P4)
R5 E (0 15 ) OR LESS EI SENBERG 73 HBC 5 P I+ Pt DEL++2PI
R5 H {0~ 25) {0 ~ 05) HYAMS 73 AS PK 17 PI-Pg N PI+P I—
R5 0 ~ 20 0 ~ 05 MONTANET 73 HBC PBAR P AT REST
R5 C (0 ' 20} OR LESS COSTA 2 77 RVUE E+E-g 2 P I + 4 P I
R5 P 30 ) ( .05) F ROGGATT 77 RVUE 17 PI —P g P I+P I -N
R5 P {0 15 )TG 0 30 MARTIN 78 RVUE 17 Pj-Pt PI+PI-N
R5 0 ~ 287 0.043 0 ~ 042 BECKER 79 ASPK 0 17 PI- P PCLARI 1
R5 C ESTIMATE USING UNITARITY TIME REVERSAL INVARIANCE, BRFIT WIGNER
R5 E ESTIMATED USING GPE MODEL+
R5 H INCLUDED IH BECKER 79 ANALYSI S
R5 P FROM PHASE SHIFT A NA LYS IS OF HYAMS 73 DATA
R5 ~ ~ ~ ~ ~ ~ ~ ~ ~

R5 AVERAGE MEANINGLESS (SCALE FACTOR = 1+3)

1/73

1/74
1/74

12/77
12/77
12/77
12/77
12/794

1/74

12/75

annihilatians inta three or mare hadrans (BACCI 79).
+Some suppart for a p

' ( 1600) decay inta e e has been

claimed in pp annihilation (BASSONPIERRE 76) .

ALVENSLE 71 PRL Z6 273
BRAUN 71 HP 830 213
BU LOS 71 PRL 26 149

BACC I 72 PL 38B 551
BARBARI N 72 LNC 3 689
BARTOLI 72 PR D 6 2374
BINGHAM 72 PL 41B 635

ALVENSLEBENt BECKERt 8ERTRAMt CHENt +(DESY+Mj T) G
+F RI OMAN ~ GERBER' GI VE RNAU0~+ (ST RAS BGURB ) G
+BUS ZA yKEHQE t BEN I STONv+ ( SLAC+UMD+I 8 M+LBL } G

+PENSOg SALVINI g STELLAR BALDINI-CE (RGMA+F HAS) JPC
BARBAR INO~ CERADINIt+ (F RAS+RCMA+PADG+UMD) IGJP
+FELICETTI v QGRENg+ (FRAS+RQMA+NAPL ) IGJP
+RA 8 I H e ROS ENF ELD e SMA 0JA v YQ ST+ {LB L r UC 8 r S LAC ) I GJ P
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Data Card Listings
For notation, see key at front of Listings.

Me sons
p'{1600), Aq{1660)

BR AMON
DI EBQLD
EISENBER
LAYSSAC
SMADJA

CERAD IN I
CHUiVG
DA VIER
E IS FNBER
HYAMS
KREUZ ER
QC HS
MONTANE T
PARK

73 PL 43 8 341
73 PL 47 8 526
73 NP 8 58 31
73 PL 43 B }49
73 NP 8 64 134
73 PR D 8 1431
73 THES IS
73 ERI CE SCHOOL 518
73 Np 8 58 45

+CONVERSI EK STRAND GRILLI + {RQh'A+FRAS+ PAGO) IGJ P
+P ROTOPOP ESC Ur LYNCHr F LA TTE+ (BNL+LBL+ USC)
+DERADGr FRl ESr LIUr HOZLEYr ODI ANr PARKr + ( SLAC )
EI SENB ERG r KARSHONr HI KENBERG r PI TLUCKr+( REHO)
+JONES r WEILHAHHERr BLUMr DIETLr + (CERN+MPIH)
H ~ J ~ KREUZERr A ~ N ~ KAMAL (UNIV 6 OF ALBERTA)
THES IS (MPI M)
L MONT ANET (CERN )J.C ~ H ~ PARK (HPIM) JP

72 LNC 3 693 +GRCCO {THEORET ICAL PAP ER } (FRASCATI )
72 BATAV6CQNF R6 DI EBGI 0 RAPPORTEUR T ALK {ANL)
72 PR D 5 15 EI SENBERGr BALLAMrDAGANr+ (REHO+SLAC+TELA)
72 NC 1 PA 407 J ~ LAYSSACr F ~ M RENARD (HONP )
72 PHIL .CONF ~ PROC 349 +8INGHAMr FRETTER r BAL LAN 3 CHADWI CK+( LBL+S LAC }

resonant in the S-wave fTi system as well as in the
P-wave p Ti system and in the D-wave CTt system.

pBeyond the A3 meson, the J = 2 phase seems

to continue to increase, indicating the possible
existence of a second resonance in this wave at
M = (2000 + 100)MeV, I'= 400 MeV (DAUM 80) .

BALLAN
BERNABEI
CHALQUPK
CQNVERS I
ESTABRQQ
F ERBEL
GRAYER
HI RSHFEL
SC HAC HT

AL EXANDE
ALLES
C HUiVG

ES TABROQ
FRGGGATT
HYANS
LANG
LANGACKE
LEE
RQijS

74 NP 876 375
74 LNC 11 261
74 PL 51 8 407
74 PL 52B 493
74 NP B79 301
74 PR 09 824
74 NP 8 75 189
74 NP 874 211
74 NP 881 205

75 PL 5 78 487
75 NC 3OA 136
75 PR 0 11 2436
75 NP 895 322
75 NP B91 454
75 NP 810C 205
75 PL 588 450
75 PR 0 13 697
75 STANFORD CONF. 213
75 NP 8 97 165

8UDNE V

COST A 1
COSTA 2
FRQGGATT
GESSAROL
LAPLAiVCH

77 PL 70 B 365
77 PL 67 8 213
77 PL 71 8 345
77 NP B 129 89
77 NP 8 126 382
77 HAMBURG CONF ~

PASSQHP I 76 PL 65 8 397
COMMON 76 NP B 103 109
JOHNSON 76 PL 63 8 95

ALEXANDERr BENARY 3 GANDSHANr L ISS
ALLES-BORELLIrBERNARDINI+ (CE
+PRQTGPQPESCUr LYNCHr FLATTE+
PE ESTABROOKSrA 0 6MARTI N

CD 06FRQGGATTrJAL ~ PETERSEN
+JONES r WEI I HAMNERr BLUMr DIETL+
C AB ~ LANG r I S ~ STEFANE SCU
P ~ LANGACKERr G6SEGRE
WGNYGNG LE E
H ~ RODS

AU ER+ {T EL A }
RN+ BGNA+F RAS }
(BNL+LB L+ USC )

IDURH)
(G LA 5+NORD)
{C ER N+M P IM }

( KARL)
{PENN)
(CQLU )
(HELS}

BASSOHPIERREr BINDERr+
AD K CQMHGN
+MARTIN, PENNIiNGTON

(MUI H+STRB+TCRI )
(KENT} JP

( DU RH+C E RN ) J P

N. H. BUDNEV r V ~ M ~ BUDNEV r V ~ V ~ S ERE BRYAKGV ( NOVO )
COSTA DE 8 EAUREGARD r PHAM r PI RE r TRUONG ( E PQL)
COSTA DE B EAUR EGAR Dr P IR Er T ~ N ~ TRUQNG ( E POL )
C 0 FRQGGATTr J ~ LA PETERS EN (GLAS+BCHR)
GESSAPOL I+ (BGNA+F IRZ+GENO+MI LA+QXF+PAVI )
F ~ LAP LANCHE (ORSA)

+CHADWICK, BI NGHAMr FRETTER+ (S LAC+LBL+MFIH)
+0 ~ ANGELO, SP ILLANTI NI r VALENTE f ROMA+ FRAS }
CHALOUPKA r FERRANDOr LOST Y3 MONT ANET ( CERN )
+PAOLUZ I 3 CERADI NI r GRI LL I+ ( RONA+ F RAS )
P ~ ESTABRQOKSr A D MARTIN (DL'RH)
T FERBEL AND P SLATTERY {RCCH )
G. GRAYER r HYAHS r 8 LUN3 DIE TLr+ f CERN+NPI H }
A ~ C Hj RSHF EL Dr G ~ KR AMER {HAMB}
+OERADGr FR IE Sr PARK r YQUNT (MPIM)

30(1600~ 0 }
20( 1630~ 0}

(1630.)
(1660 0}
(1610.)

297(1673~ 0)
( 1680~ )
1660~ 0
1645~ 0

M (1633 0)
F (1672 ~ 0}

(1600~ )
2 60 16606

F 1658 ~

P 1650
P 1660

P E (1600~ )
B 575{1640~ )

P ZM 1662 0
P 2M(1680 p)
R ( 1650~ 0)

P D 1671 0
6 ~ ~ ~

AVG 1668.6
STUD E N TI 668, 7

34 A3 HASS ( MEV)

( 30 ~ 0)
)

{16 ~ 0)
(19~ }
(40 ~ 0 )
(20 0}

2060
10 0

( 1260)

(50 ]
25 '

8
30
10'

( 10 ~ )
(10~ )
10~ O.
(8 ~ 0)

~ ~ ~ ~ 6

2 ~ 9
2 ~ 3

FORING
VETL I T SKY
BALTAY
BARTSCH
LAMSA
ARMENI SE
CA SQ
CA SG
CR ENNE LL
MIYASHITA
BEKETGV
PALER

. CASG
HARRISON
ANT IPQVl
A SCGLI 1
THOHPSON
KA LELKAR
BA LTAY
GH ID INI
PERNEGR
DA UH

10/66
12/75
12/75
12/75
12/75
12/75

5/70
12/75
12/75
1/7 1

11/71
12/75
12/75
12/72
12/75
12/75
12/75
12/75
12/77
12/77
4/78+

12/79~

65 DBC
66 HBC
68 HBC
68 HBC
68 HBC
69 DBC
69 HBC
69 HBC
70 HBC
70 HBC
71 HBC
71 DBC
72 HBC
72 HBC
73 CN TR
73 HBC
74 HBC
75 HBC
77 HBC
77 OM EG
78 CNTR
80 SPEC

04 5 PI+ 0
r ~ 7 PI- P

+ 7r 8 5 PI+ P
+ 8 ~ PI+ Pr 3PI P

8.0 PI -P r P I-F
+ 5 ~ 1 PI+Dr 3PI++-

ll PI- p
11 PI-Pr Pl -F
6 ~ Pl- Pr F PI
6 ' 7 PI-PrPI-F
4645 PI- P

+ 136PI+ Dr D(3PI)+
+ 11 7 P I+ P

136 r20 PI- P
25 ~ r 40 ~ PI- P
5 6-25 ~ P I- Pr P A3

+ 13~ PI+ Pr P A3+
+ 15 PI+P, p PI+F

0 15 PI+ P P 3PI
12 PI-Pr P 3PI
9+13+15rPI- NUC
63-94 PI - Pr 3 P I

AVERAGE f ERROR INCLUDES SCALE FACTOR OF 166}
AVERAGE USING STUDENT10(H/1 11} -- SEE MAIN TEXT

GENS IN I
MART IN

AT I YA
BACC I
BECKER
CCRDEN
CORDI ER
CC S«E
RICHARD
SPI NETT I

78 PR 0 17 1368
78 ANP 114 1

79 P RL 43 1691
79 PL B 86 234
79 NP B 151 46
79 NP B 157 250
79 PL 81 8 389
79 NP 8 152 215
79 LAL -79/35
79 PR EP, L F N-79/65

PAGLQ H GENS IN I
A ~ 0 ~ MA RT I Nr H ~ R6 PE NNI NG TCN

( SLAC)
(CERN)

+HOLMESr KNAPPr LEEr S ETGr + (CGLU+ILL+FNAL )
+DE ZORZ I, PEN SQ, STELLA, + (ROMA+BGNA+F RAS )
+BLANARr BLUHr CERRADA+ ( MP IH+CE RN+ZEEM+CRAC )
+DOWELLr GARVEYr JGBES,+( BI RH+RHEL+T ELA+LCWC ) J P
+0 EL CQ UR T r E SCH STR UTH r F ULDA+ ( LALO}
+DUDELZAK r GRELAUDr JEAN-MARI Er JULL IAN+ ( IPN )
F . R I CHARD (LALO)
M SPINETTI ( FRA 5)

8 SAME EXP ER IMENT AS BALTAY 77
D CLEAR PHASE ROTATION SEEN IN ( 2 S ) r (2 P} r (2-D} WAVES
C EVIDENCE FOR A ROTATION OF THE PHASE CLAIMED

F FIT ASSUMCS AN ADDITIONAL PEAK AT 1830 MEV ~

H BACK GROUND SUB TRAC TI ON DIF F I CULT ~

P FROM A F IT TO JP=2-S f F PI } PARTIAL WAVE
R CLEAR 'PHASE ROTATI GN SEEN IN (2-5) AND (2-P } WAVES

34 A3 WIDTH ( MEV)

Aa{1660 '34 A3&1660, JPG=2 —1 1 = 1

+3IA Q 'Jiigrii+ '41313

Evidence for the existence of the A3 meson was

previously confused due to its appearance near flT

threshold in the diffractive-like process 'lTN ~ 717tTiN,

claimed non-resonant status (ANTIPOV1 73, ASCOLI1

73, BALTAY 77, GHIDINI 77), while others saw

evidence for a resonance in the phase variation
with respect to other partial waves (OTTER 74,
THOMPSON 74).

much like the A meson. Nhile everybody agreed that
there was a =300 MeV wide fTi enhancement in the

PJ LM = 2 SO partial wave at about 1650 MeV, some

W

W

W

W

W

W

W

20 (
M

100 ~ }
(70. )
115.p)
1006 )
240 ~ 0
130. }
150 ' 0)
1306 0
(37 ' 0)
128~ 0)
220 )
200 ~ T
190
{53 )
300
270,
310 ~ )
240 ),
285 0
220 ' 0)
400 0)
207 ' 0

(
N (

297

(

H

F (
(

P
260

F
P
P
P E

8 575
P 2000
P 2600 (

R (
P D

(40 ~ )
( 456 0)
{50 )

50 ~ 0

30 0
( 24.0 }

(806)
G 400

1 00.
(20

50 ~

60 ~

(40 ~ )
f30
60 0

(30 ~ 0 )

10 ' 0

(306 )

(16

VE TL I TSKY 66
BALTAY 68
BART SCH 68
LAMSA 68
ARMENI S E 69
CA SG 69
CASO 69
CRENNELL 70
MI YA SHI TA 70
8EK ETGV 71
PALER 71
CA SO 72
CASG 72
HA RR I SON 72
ANT IPQV1 73
ASCCLI 1 73
THOMPSON 74
KALE j.KAR 75
BA LTAY 77
GH ID IN I 77
PERNEGR 78
DA UM 80

HBC
HBC +
HBC +
HBC
DBC +
HBC
HBC
HBC
HBC
HBC
DBC +
HBC +
HBC +
HBC
CNTR
HBC
HBC +
HBC +
HBC 0
OM EG
CNTR
SPEC

r ~ 7 PI-P
7r 8 ~ 5 PI+ P
8 ~ P I+ pr 3PI p
860 PI-P PI-F
5-1 PI+Dr 3PI++-
11 PI- P

11~ 0 PI —Pr PI- F
66 PI- Pr F PI
66 7 PI —P 3 PI -F
4 ' 45 PI- P

13.P I+ Dr 0 (3P I }+.
11 7 PI+ P
11 7 PI+ P
13 r20. PI- P
256r 406 P I P
5 ~ -25 ~ PI- Pr P A3
13 PI+ P rp A3+
15 PI+Pr P P I+F
15 PI+ P, P 3P I
12 PI-Pr P 3PI
9+13+ 15r P I NUC ~

63-94 PI — Pr 3P I

6/66
6/68

12/75
ll/67

5/70
6/68
6/68
5/70
1/71

11/71
12/75

1 /72
12/75
12/72
12/75
12/75
12 /75
12/75
12/77
12/77
4/78+

12/79~

AVG 207 ~ 2
STUDENT 208 ' 7

~ 6 ~ ~ ~

14 ~ 5
1062

A VERAGE ( ERROR I NCLUDE S SCALE FACTOR OF 1 6 )
AVERAGE USING STUDENT10(H/1 ll} —SEE HAIN TEXT

8 SAME
D C
E EV ID

F FIT
M BACK

P FRGN
R CLEA

34 A3 PARTIAL DECAY NODES

EXP ER IMENT AS BAL TAY 77
LEAR PHASE ROTATION SEEN IN (2-S } r {2-P ), (2-D) WAVES ~

ENCE FOR A ROTATION OF THE PHASE CLAIHED ~

ASSUMES AN ADD IT IONAL PEAK AT 1830 HEV ~

GROUND SUBTRACTION DIFF I CULT 6

A F IT TG JP=2- F P I PARTIAL WAVE
R PHAS E ROTAT ION S EEN IN (2-S ) AND ( 2-P ) WA VES

In t;he non-di ffractive charge-exchange reaction
71 p ~ Tl iT Ti A (NAGNER 75, BALTAY 77, CAUTIS 77)

and in the hypercharge exchange reaction K p ~
Tl iT 71 A at 4. 2 GeV//c (CERRADA 77), there is no

evidence for A3 production.
Definitive proof for the resonant nature of

Pl
P2
P3
P4
P5
pb
P7
P8
P9
Plp

A3 INTO 3 P I
A3 I NTC RHO PI
A3 INTO ETA PI
A3 INTO 5 PI
A3 INTO K KAI'(892)
A3 INTO K KBAR PI
A3 INTO K KBAR
A3 INTO F PI
A3 INTO OMEGA Pj PI
A3 INTO 3 Pl

34 A3 BRANCHING RATIOS

0
134+
134+
134+
139+
49 7+
49 7+
497+

127 3+
78 2+
139+

EC AY MASS ES
134+ 134
776
548
139+ 139+ 139+
892
497+ 134
497
134
134+ 134
139+ 139

the A3 has been given by PERNEGR 78 using 60, 000 37r

events, d iffract ive ly produced by incident Ti on

nuclei, and by DAUM 80 in an analysis of nearly
600, 000 events of the reaction Tl p ~ Tl Yt lT p. A

partial-wave analysis shows the 3' system to be

R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3

A3+- INTO ( PI+- RHOO)/{ ALL PI+- P I+ PI-)
(0 ~ 3) OR LESS BART SCH
(0 ' 4) OR LESS FERBEL
(618) OR LESS CL= ~ 95 PALER
0 32 0 ~ 06 GAUM

A3+- INTO ( PI+- F)/(ALL PI+- PI+ PI-)
(WIT H F INTO PI+ PI-)

INDICATION SEEN LUBATTI
(0 ' 59)FQR JP=2- BARTSCH
(0 51)FOR Jp~ j+ BARTSCH
(0 ~ 20 )FOR J P= 0- BA RTSCH

(P2C ) /(P1C)
68 HBC + 8 ~ P I+ P ~ 3PI P 8/69
68 RVUE +- ~ 9/68
71 DBC + 13~ P++ 0 r 0( 3P+ }+ ll/71
80 SPEC 63-90' PI — Pr 3P I 12/79+

(P8)/(PlC}

66 HLSC 16 P I- 11/66
68 HBC + 8 ~ Pi+ Pr 3PI P 8/69
68 HBC + 8 ~ PI+ P r 3P I 'P 8/69
68 HBC + 8 ~ PI+ Pr3PI P 8/69
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Me sons
~,(i66Q), ~(1.67Q), g(17QQ)

Data Gard Listings
For notation, see key at front of Listings.

R3
R3
R3
R3
R3
R3
R3
R3

(0 ~ 35 ) (0 20)
CQNSI STENT WI TH I 0

(0.76) (0 Z4) (0 34)
CONS I STENT WITH 1 0
( ~ 85) OR MORE CL= 95
CONSISTENT W ITH 1 ~ 0
CONSI STENT wj TH l. 0
0 ~ 57 0.03

BALTAY
CA SO
ARMENI SE
CR ENNELL
PALER
I ICHTMAN
KA L EL KAR
DAUM

68 HBC
68 HBC
69 DBC
70 HBC
71 DBC
74 HBC
75 HBC
80 SP EC

7-8, 5 PI+P 5/e8
11 PI- P 6/68
5 I PI+0 5 3PI++- 5/70
6 ~ P I- Pg F PI ~ 5/70

13 P~+ D, D {3P+}+11/71
18 5 PI+-P g P 3PI 12/75
15 PI+P P 3P I 12/75
63—90 PI — Pg 3 PI 12/79¹

R5 A3+- INTO {Pj+ — ETA) /(ALL PI+- PI+ PI —) ( P3) /( Plc)
R5 (ALL ETA DECAYS)
R5 (0 09) QR jESS BALTAY 68 HBC + 7—8 5 PI+P 5/68
iR5 (0 10) OR LESS CRENNELL 70 HBC — 6 PI- P 7 F PI 5/70

M E 110(1700 0)
M P E 430 1673,.0
M 1650 0

60 1685.0
M ~ 0 0 ~

M A VG 1666 ~ 4
M STUDENT1666 8

APPROX
12 0

12 0
20.0

~ 4 ~ a ~4.8
5.4

M E PHASE ROTATION S EEN FOR JP 3 — (RHCl P I ) WAV E ~

M P FROM A F IT TO I=Og JP=3- RHQ PI PARTIAL WAVE
M Q FROM (OMEGA PI P I ) MODE

CERRADA 77 HBC 4.2 K-P 5 LAM 3PI 12/77
BALTAY 78 HBC 15 PI+P5 DEL 3PI 4/78¹
CORDEN 78 OMEG 8-12 PI — P gN 3P I 12/77
BAUBILLI E 79 HBC 8 2K— P g BACKWARD 12/79¹

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDFNT10(H/I ~ 11) —— SEE MAIN TEXT

R6
R6
R6

A3+ — I NTO {PI+- ZPI+ 2P I —) /( ALL PI+- PI+ PI —) {P4C) / ( PlC )
(0 1) OR LESS BALTAY 68 HBC + 7 g8. 5 PI+ P
(0 10) OR LES S CRENNELL 70 HBC — 6 P+- Pg F P+

6/e8
5/70

R8 A3+- INTO { RHO P I)/ (F P I ) (P2) /(PB)
RB (0. 03) (0.37) (0 ~ 03) CASO 69 HBC — 11 P I- P 12/75

R9 A3+- I NTO (Pj+- PI+ PI-)/(F PI) (PlC —P8)/(P 8)
R9 (0 06) (0 47) (0 06} CASO 69 HBC — 11 P I- P 12/75
R9 POSSIBLY SEEN HARRISON 72 HBC — 13 g 20. PI — P 12/72

R10 A3+- INTO ( UNCORREL PI+- PI+ PI —) /(ALL PI+- PI+ P I —)
R10 M (405) OR LESS CL=+95 PALER 71 DBC + 13. PI+DgD(3PI )+ 11/71
R10 M MODEL DEPENDENT F I T

112
100
155.
167.
122
173
173 0
253 ~ 0
160.0

W

W

W S 200
W 500
W Q 200

P S 600
W P E 430
W

W S 60
W 4 ~ ~

A VG 166.1
W STUDENT 165 4

45 OMEGA( 1670) WIDTH ( ME V)

60
40.
40 ~

40
39
28
16 0
39 0
80 ~ 0

ARME NI SE
KENYON
MATTHEWS
DI AZ

DIAZ
WAGNER
BALTAY
CORDEN
BAUBILLIE

68 DBC
69 DBC
71 DBC
74 DBC
74 DBC
75 HBC
78 HBC
78 OM EG
79 HBC

5 1 PI+NgP(3PI)0
8 PI+NgP(3PI) 0
7.0 PI+Ng P (3P I ) 0
6 P I+Ng P (3 PI ) 0
6. PI+NgPf5PI) 0
7 . P I+P 5 DEL++3P I
15 PI+P gDEL 3PI
8-12 PI — P 5 N 3P I8.2K — Pg BACKWARD

9/68
8/69

11/75
I /74
1 /74

1 1/75
4/78¹

12/77
12/79¹

~ ~ M ~

12 0
12.2

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
AVERAGE USING STUDENT10(H/I 11) —— SEE MAIN TEXT

Rl 1 A3+- INTO ( Pi+- EPSILON)/ fALL P I+- PI+ P I—) ( P 1 1 )/ {P 16)
Rll 0 11 0 05 DA UM 80 S P EC — 63-90 PI — Pg 3 P I 12/79¹

W E PHASE ROTATION SEEN FOR JP 3- f RHO PI ) WAVE
W P FROM A FIT TO I=07 JP=3— RHO PI PARTIAL WAVE

S WIDTH ERRORS ENLARGED BY US TO 4¹W IDTH/SQRT (N ) 5 SEE K ¹ TYPED NOTE
W Q FROM (OMEGA P I P I ) MODE

FOR I NO
F QCACC I
LEVRAT
LUBATTI
VE TL I TSK
DANYSZ
DUBA L

ALSO

65 PL 19 68
66 PRL 17 890
66 PL 22 714
66 THESIS BERKELEY
66 PL 21 579
67 iVC 51 A 801
67 NP 83 435
68 THES I S 1456

REFERENCES FOR A3

+GES SAR QL I+ ( BGNA+BARI+FI RZ+QRSA+ SACL)
CERN MISSI NG MASS SPECT COMET ER GROUP ( CERN )
CFRN MISSING MASS SPECTROMETER GROUP (CERN)
H J LU BATT I ( LRL) 1-2—
VFTL IT SKY GUSZA VIN KLI G ER ZOLGANOV+ ( ITEP )
DANYSZ iFRENCH+SI MA K (CERN}
CERN M I SSI NG MASS SP ECT RCMET ER GROUP (CERN )
L ~ DUBA L f GENEVE)

Pl
P2
P3
P4
P5

45 OMEGA( 1670) PARTIAL DECAY MODES

OMEGA( 1670) INTO 3 Pi ( I NCL RHO PI )
OMEGA(1670) INTO 5 PI ( INCL OMEGA PI+PI —)
CMEGA(1670) I NTC RHO PI
GMEGA( 1670) INTO OMEGA 2 PI
OMEGA(1670) INTO 8( 1235) PI

DECAY MA SSE S
134~ 134+ 134
134+ 134+ 134+ 134+
776+ 134
782+ 134+ 134

1231+ 134

BALTAY
BARTS CH
CA SO
FERBEL
IQFF REDO
LAMSA

68 PRL 20 887
68 NP B 7 345
68 NC 54 A 983
68 P HI LA CONF 335
68 PRL 21 1212
68 PR 166 1395

+KUNG+YEH+FERBEL+ ( CQLU+ROCH+RUT G+Y AL E ) I= 1
+KEPPELgKRAUSg+ (AACH+BERL+CERN) JP
+CONTE+CORDS+DIAZ+ ( GENQVA+HAMB+MILA+SACL )
T FERBEL f ROCHESTER)
+BRANDENBURGg BRENNERg E I SENSTEI N+ (HAR VARD)
+CASON+BISWAS+DERADCI+GROVES+ (NOTREDAME)

45 OMEGA( 1670) BRANCHING RATIOS

Rl '
OMEGA (1670) INTO ( 5 P I) /{ 3 PI ) (P2) /(Pl)

Rl (0 ~ 10) - (0.10) KENYON 69 DBC 8. P I+Ng P (3P I ) 0 ~ 8/69
Rl 200 0 ~ 97 0AP 28 DIAZ 74 DBc e. pI+N, p{5pI )0 I/74

ARMENISE 69 LNC 2 501
BARN E S 69 P RL 23 142
CASO 69 LNC 2 437

ALSO 68 CASO

+GH ID I NIg F OR INOg CART ACC I+ ( BAR I+8 GNA+F IRZ )
+CHUNG 7 EI SNEk7 FLAMI NI Qg + ( BNL)
+CONTE 3 TOMASINI 3 CANTORE+ (GE NO+MILA+ SACL)

BRANDENB 70 NP 816 369 +BRENNERg IQFFREDOg JOHNSON gK IM+ (HARVARD)
CR ENNEL L 70 P Rl 24 781 +KARSHON 5 LA I g SCARRg S I MS ( BNL)
CHIEN 70 PHILAD. CONF P ~ 275 C.Y ~ CHIENg REVIEW ( JOHNS HOPKINS)
MI YA SHI T 70 PR 0 I 771 MIYASHITA VON KROGH KOP ELMAN L IBBY {COLO)

R2
R2

R3
R3

R4
R4

OMEGA(1670) INTO (RHO PI)/(3 PI )
200 (0' 70) OR MORE MA TTHE WS

OMEGA(1670) INTO (OMEGA 2 P I ) /{ RHO Pj )
100 0.71 0 27 0 IAZ

( P3) /( Pl )

71 DBC 7.0 P I+Ng P (3PI ) 0 11/71

74 DBC
(P4)/fP3)

6 PI+N gP(5PI)0 12/78¹

QMEGA( le70) INT0 (B(1235) pI) /(RHQ pI) (P5) /(P3)
POSS I BLY S EEN DIAZ 74 DBC e. PI+N, P(5PI ) 0 1/74

BEKETOV
PALCR

71 S JNP 4 765
71 PRL 26 1675

, ALEXANDE 72 NP B 45 29
ARMENI SE 72 LNC 4 201
CASO 72 NP B 36 349
HARRI SON 72 PRL 28 775
SALZBERG 72 NP B 41 397

ASC('L I
LI CHT MAN

QTTE R
TABAK
TH C iMi PSQ N

ALSO

74 PR D9 1963
74 NP 881 31
74 NP 880 1
74 BOSTON CONF.
74 PRL 32 331
74 NP B69 381

ANTIPOV1 73 NP B 63 l53
ANTI PQV2 73 VP 8 63 141
ASC LI 1 73 PR D 7 669
ASCOLI 2 73 PR D 8 3894

+ASCOLI 5 BUSNELLO gFQCACC I 7+
+ASCOL I g 8U SNELLO gF OCACC I g+
I NTE RNAT ~ CO( LABORAT ION
+ JONE S 5 WE I NSTE I N 5 WYLD

(CERN+SERP) JP
{CERN+ SERP ) J P

f ILL+ j JP
f ILL) JP

+CUTLER g JQNE Sg KRUSE 7 ROB ERTS g WE INST E IN+( ILL )
+B IS WAS 7 CA SCIN 3 KE NNE Y, MCGAHAN 5+ ( NOAM)
+RUOOL PH+ ( AACH+ BE RL+BONN+C ERN+HEI D)
+RONAT 5 ROSENF E LD 5 LA S I N SKI+ (LBL+SLAC )
+BADEW ITZg GAIDOSg MC ILWA INg P ALE Rg+ ( P URD)
THDMPSON 5 8 AD EW I T Z 3 GAI DOS, M C IL W AIN+ ( PURD )

JP
JP
JP
JP

+SOMBKOWSKY 7 KONOWALQVg KRUTSCHI NINg+ ( I TEP) J P
+BADEWITZ 5 BARTON 3 MIL LERg PA{ FREYg TEBES ( PURD)

ALEXANDERg BAR NIRg BENARYgDAGANg+ (TELA)
+FORINQgCARTACC. Ig+ ( BAR I+BGNA+F I RZ )
+MiADDOCKg BASSLER+( DURH+ GEVQ+DE SY+MILA+ SAC l )
+HEYDA, JOHNSCN, KIM, LAW, IUELLER + (HARV)
+HARR I SONg HE YDA 5 JOHN SCIN gK I M 3 LA W 5+ (

HARV�}

ARMENI SE
KE NYON

AR MEN IS E
MATT HEWS
MATTHCWl
DI AZ

WAGNFR
CERRADA
BALTAY
COROEN
EAUB ILL I

68 P L 268 336
69 pRL z3 14e
70 LNC 4 199
71 PR 0 3 25el
71 LNC 1 361
74 P RL 32 260
75 PL 58B ZOI
77 NP 8 126 241
78 PRL 40 87
78 NP B 138 235
79 PL B 89 131

+GHI DI NI g FORI NO+ ( BARI+ BGNA +F IRZ +ORSAY )
+KINSONg SCARR + ( 8 NL+UCND+ORNL )
+GHI DIN jg FOR INOg CARTACC Ig+ ( BARI+BGNA+F IRZ )

+PRENTICE g YOONgCARROLLg+ ( TNT O+ W I SC )
+PRE NT ICEg YOQNg CARROLL g + ( TNTQ+ W I SC )
+DI BI ANCA FI CKI NGER ANDERSON + (CAS E+CARN )
+TABAKgCHEW (LBL}
+BLOCKZI JL7 HEI NE Ng+ (AMST+CERN+NI JM+OXF )
+CAUTI S g KALE LKAR {COLU)
+CORBETT ALEXANDER + ( 8IRM+RHEL+TELA+LOWC )

BAUBI LLI ER+ . ' (BI RM+CERN+GLAS+MSU+LPNP )

JP
JP
JP

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

R5 OMEGA( 1670) iNTO (8( 1235)PI ) /(OMEGA PI PI ) (P5) /(P4)
R5 1 0 0.0 0 ~ 25 E AU BILL I E 79 HBC 8 2K- P g BACKWARD 12/79¹

¹¹¹¹¹¹¹¹¹
REFERENCE S FOR OMEGA( 1670)

BE KE TOV
EMMS
HORNE
KA LE L KAR

W AGN ER

75 S JNP 20 379 +ZOMBKOVSKI Ig KAIDALQNgKONOVALOV+ ( ITEP)
75 PL 60 B 109 + JONES KI N SONg BELL DALE+ ( BI RM+DURH+RhEL ) J P
75 PR Dl 1 996 +S.HAGQP ?AN, V HAGOPI AN, BENSINGER+ (FSU+BRAN)
75 THESI S(NEVIS 207) M S KA{ ELKAR (CQLU}
75 PL 588 201 + TAB AK 5 CHEW ( LBL) JP

g(] 7QP) 15 G&1700 JPG = 3—41 1=1

BALTAY
CAUTI S
CERRADA
GH ID I Ni

77 P RL 39 591 +CAUTI S g KA LE LKAR I CQLUMB IA ) J P
77 THESI S NEVIS Z21 C V ~ CAUTIS (CQLUMBIA) JP
77 Np 8 126 241 +BLQCKZI JL 7 HEINENg+ (AMST+C ERN+NI JM+GXF) JP
77 PRE PRINT + ( BAR I+BONN+CERN+DA RE+ LI VP+MILA) J P

C AU "i 80 PL 89 8 285 +HERTZ BERGER+ (AMST+CE RN+CRAC+MPI M+OX F+RFEj) J P

BALTAY 78 PR D 17 5Z +CAUTI S gCOHENgCSQRNA 7 KA LELKAR+ (COLU+BING)
CORDEN 78 NP 8 136 77 DOWELLg GARVEYg JOBES+ ( BIRM+RHEl +TELA+LOWC ) JP
PERNEGR 78 NP 8 134 436 +AE 8 I SCHE R+ ( ETH+CERN+LOI C+MILA )
ROBERTS 78 PR D 18 59 +KRUSE gEDELSTEIN+ ( ILL+CA RN+NWE S+ROCH)

The g

1700 MeV in
+ system

CORDEN 79),
in the K K f}

meson is uniquely established near
G P +the I J = 1 3 partial wave of the

(HYANS 75, NARTIN3 78, BZCKER 79,
in the K K system (GORLICH 79), and

system (MARTIN1, 2 78). Its branching

fA) (167Q) 45 OMEGA{ 1 673 J AG=3—1 1=0

THIS RESONANCE OVERLAPS IN ITS 3P I MODE WITH THE A3
BJT IN SOME EXPERIMENTS ONE CAN ESTABLISH THE DECAY
iMODE RHOO PI Og THUS I =0 WAGNER 7 5 F IND JP=3 — UN I QU ELY .
CERRADA 77 SEE CLEAR PHASE RQTATICN RESPECT TO FOUR
DIFFERENT REFERENCE WAVES ~ CONFIRMED BY CAUTIS 77 ~

THE DECAYS INTO 5PI AND OMEGA P I+ PI — NEED FURTHER
CONFIRMATION (SEE ALSO X(1690) ) .

ratio into Vi't7 is unanimously in the range 23-26-o,

whereas determinations of the rat. io KK//Tt'71 are
conf licting: 19.iso' in a model-independent analysis

+of the K K system (GORLICH 79), but only 5.6-o in
K K (NARTIN1, 2 78) . It is clear from these0

M 1636~

1670
Z 00 1 6'79

M 500 1678 '
M Q 200 1660~

P 600 1669

20
20 ~

17
14 '
13
ll

ARME NI SE
KENYON
MATTHEWS
DI AZ
Dj AZ
WAGNER

45 OMEGA{ 1670) MASS (MEV)

68
69
71
74
74
75

DBC
DBC
DBC
DBC
DBC
HBC

5 I P I+Ng P (3PI )0 9/68
8. Pj+N P{3PI)0 8/69
7 0 P I+N P {3PI)0 1/71
6 PI+N P(3PI ) 0 1/74
6 ~ P I+N g P ( 5P I ) 0,1/74
7 PI+Pg DEL++3PI 11/75

numbers, however, that the g decays predominantly
into channels other than %71 or KK, such as 4Ti, u)Ti,

pTl'lT, A21T, and KKlT.
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Data Card Listings
For notation, see key at front of Listings.

Mesons
(iVOO)

15 G MASS ( ME V)

2 PI MODEM

M

M

M

M

M

M

M

M

M

M

M

M E
M GH
M

M GI
N !
M

M

M M

M

M E
M G
M H

M

M

M

M

M

M

M

M

M K
M

M

M

M

M P S
L

M

M K
M

M P
M S
N
'hl

12/75
6/ee

( 100~ 0) 0 6 1 PI-P
0 4 5 PI+ D
0 6 PI+Op 8 Pl-P
0 5 1 P1+ D

6 ~ 0 PI -' P
0 e.o pl- P
0 7 ~ 0 PI — P
0 9 PI+ N

+ 8 PI+ Pr2 PI
0 8» PI-Py 5 4 PI+0
0 7» PI+ N

0 7. PI — P
0 6. P I+NiP I+P I-P
0 17 PI-P g P I+P I-N

+ 13 PI+ P
17 PI-Pg PI+PI-N

0 17 P I-P qP I+P I-N
0 15 PI+Pt PI+PI-
0 17 PI — P PCLARI Z

1 2-15P I-P N 2P I

BELLI NI 65
F 0RI NO 65
GOLDBERG 65
ARMENISE 68
CRENNELL 68
cRENNELL e8
J0HNsT0N 68
ARMENISE 70
BART SCH 70
STUNTEBEC 70
NA TTHEWS 71
MA TTHEWS 71
ENGLER 74
GRAYER 74
THOMPSON 74
E S TA B ROOK 75
HYAM S 75
BA LTAY

' 78
BECK ER 79
CORD EN 79

HL BC
DBC
HBC
DBC
HBC
HBC
HBC
DBC
HBC
HD BC
DBC
HBC
DBC
ASPK
HBC
RVUE
A SPK
HBC
ASPK
OMEG

(1700 0)
{1640 0)

1 670 ~ 0
( 1683~ )
1640 ~ 0
1 720. 0

{1655 0)
1 737» 0

122 16 50. 0
1687 ~

1678~

(1652 )
600 1690»

(1693.)
(1632 ' )
( 1692 ~ )
(1722 ~ )

476 1679.0
1716 0
1734 0

30 0
( 13 ' )

25 0
20»0

(10 0)
23 ~ 0
35 0
21 ~

12»
(13 )

7 ~

(8 ~ )
(5 ~ )

(12 )
(3 )
11 ~ 0
58 0
10 0

» 6/68
12/68
12/68

~ 6/68
1/71
5/70
2/72
2/72

~ 2/72
12/75
2/74

12/75
12/75
12 /75

41784
12/794
12/ 794

29.0

g SEE K+ TYPED NOTEMASS ERRORS ENLARGED BY US TO W IDTH/SQRT(N )
USES SAME DATA AS HYAMS 75
INCLUDED IN BECK ER 79 ANALYS IS
FROM PHASE-SHIFT ANALYS IS
ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT

M FROM A PHASE SHIFT SOI UT ION CONTAINING A F
TWO TIME S LARGER THAN THE K KBAR RESULT ~

PHASE-SHI FT 5OLUT I CNS
PRIME WIDTH

K KBAR + K KBAR PI MODE

+- 7.9 PI-Pg K KBAR 2/72
0 3w3 ~ 6 P BAR P 7/67

( KO K+-) 3-4 PBAR P 7/67
+- 6 ~ 0 P I-P g KBAR K 12/68
+ 8 PI+ P gKKBARPI 8/69

018 4 PI-PqN K+K- 11/75
10 PI Pt KS K- P 4/78+
1 O. PI-Pt K+ K- N 12/79+

HBC
HBC
HBC
HBC
HBC
ASPK
SPEC
OMEG

EHRL ICH 66
FRENCH 67
FRENCH 67
CRENNELL 68
ADERHOLZ 69
BLUM 75
MARTIN 1 78
EVANGEL I S 79

(1675 ~ )
( 1700» )
(1740 )
164C 0
1690 0
1 692

6K 1 698 ~

(1737 0)

25 ~ 020 0
16 0
6 ~

12
(5 ~ 0 }

OBSERVED IN NEUTRAL( K& KBAR) MODE (G-PARI TY UNKNOWN)
THEY CANNOT DIST INGUIS H BETWEEN G ANO OMEGA( 1670)»
FROM A F IT TO JP=3- PARTI AL WAVE ~

SYSTEMAT IC ERROR ON MASS SCALE SUBTRACTED

~ ~ »

5 ~ 5 AVERAGE ( ERROR INCLUDE S SCAl E FACTOR OF 1 7)
AVERAGE USING STUDE NT10(H/1 ~ 1 1 ) -- S EE MAIN TEXT

{SEE IDEOGRAM BELOW )

AvG le93. 2
STUDENT 1691 0

M WE AVERAGE ONLY THE 2PI AND KKBAR MODES WHICH HAV E LARGE STATISTICS

LIEI&HTED AUERAGE = 1693 .2 + 5 .5
ERROR SCALED BY 1.7

A l
I

.MARTIN 1 78

.BLUM 75
ADERHOLZ 69
CRENNELL 68
CORDEN 79
DECKER ' 79

~ BALTAY 78
ENGLER 74
MATTHEWS 71

.STUNTEBEC 70
BARTSCH 70

ENISE 70
68
68
65

SPEC
ASPK

HBC

HBC

OMEG

ASPK

HBC

DBC

DBC

HDBC

HBC

DBC

HBC

HBC

HBC

LJEIGHTED AUERAGE = 1675 .2 + 11 ~ 1
ERROR SCALED BY 1.9

1600 1640 1680 1720 1760 1El00

C MASS (NEU) ~ PI PI + K KBAR MODES

CHISQ
0.2

0.0
0.0
5.6

16.6

1.7

0.2

1.6
0.1
1.5
3.6
1.B

~ 5
0.6

38.1
(CCINLEU
=0.000)

1 720.
J (1675 0}

144 1680 0
90(1640.0)

F 102 (1689~ 0)
1705 0

300(1710 ' )
1630~

1687~

F {1685 ~ )
F 66( 1733 )

1670
177 1665 0

~ ~ ~ ~

AVG 1675 ~ 2
STUDENT1674 ~ 9

M {4P I )+- MODE
M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

15 '
(10 0)
40 ~ 0

(20 0)
(20 0)

21 ~ 0

15 ~

20 '
(14 )
(9 ~ )
10 ~

15 ~ 0

BALTAY
JOHNSTON
BARTSCH
BARTSCH
BART SCH
CASO
ARMENI SE
HOLMES
CA SON
CA SON
KLIGER
THOMPSON
BA LTAY

68 HBC
68 HBC
70 HBC
70 HBC
70 HBC
70 HBC
72 HBC
72 HBC
73 HBC
73 HBC
74 HBC
74 HBC
78 HBC

7g 8 ~ 5 PI+ P
7 ~ 0 PI — P

8 PI+ Pg4 PI
8 PI+ PgAZ PI
8 PI+ Py 2 RHO
11 ~ 2 PI-P g RHO 2P I
9 1 PI- PgP 4PI
10»-12~ K+ P
8 ~ v18»5 PI- P
8 ~ F18~ 5 PI- P

13 PI+ P
15 PI+Pg P 4P I

6168
6/68
4/71
4/71
4/71
5/70

12/72
1/73
1/74
1/74

12/75
12/75
4/78~

» ~ ~ »

11 ~ 1 AV ERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 9)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

( SE E IDEOGRAM BELOW )

1600 1640 1680 1720 1760
G MASS (MEU) ~ (4PI)+- MODE

78 HBC
N 74 HBC

73 HBC
72 HBC
70 HBC
70 HBC
68 HBC

1800

CHI SQ
0.5
0.3
0.3
9.1
2.0
0.0
8.9

21.1
(CONLEU
=0.002)

M F F ROM ( RH0+- RHOO) MODE
M J NOT S EPARATED FROM 2 P I DECAY

N

M

M

M

M

M

M

M

M

M

RHGO RHOO MODE

( 1700~ 0)
(1700 ~ 0)

OMEGA P I MODE

1654.
1630 0

( 1666 )
1686 ~

1 666 ~ 0

AVG 1663.4
STUDENT1665 7

Z4 ~

11.0
(50

9
14 0

13.8
10 2

( SEE ID

MAURER 70 HBC 05 7 PBAR Pe7 PI » 2/71
BRAUN 71 HBC 05 ~ 7 PBAR Py7 PI ll/71

BARNHAM 70 HBC + 10 K+ Pg OMEGA PI 6/70
CA SO 70 HBC — 11 2PI-P sPI OMEG 5/70
CASON 73 HBC — 8 ~ g 18»5 PI — P 1/74
THOMPSON 74 HBC + 13 PI+ P 12/75
GESS AROL I 77 HBC 1 1 P I-P g OMEGA P I 12/77

AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 2 ~ 3)
AVERAGE USING STUDENT 10 (H/1 ~ 11) -- SEE MAIN TEXT

EOGRAM BE LOW )

(WEIGHTED AVERAGE = 1663 . 4 + 13 .8
ERROR SCALED BY 2.3

M

M

M NR1 ( 1632 ~ )
M NR2 (1 700

NR3 ( 1148~ )
M N NOT S EEN BY

R ( 1700 0)

R PEAKS FROM M

FOCACCI
FOCACC I
FOCACC I

66 MMS — 7-12 PI-P g P NMS 12/72
66 MM S — 7-12 PI-P y P MM 5 12/72
66 NMS — 7-12 PI-Pe P MMS 12/72

(15 )
(15.)
(15~ )

BOW EN 72
$ 47» 0) ANDERSON 69 MMS — 16 PI- P ~ BACKW 8/69

MS ~ (FOR DIFFICULTIES WITH MMS EXPTS» S EE
THE A2 MINI-RE VIEW IN THE IS73 EDI TION)

GESSAROLI 77 HBC
THOMPSON 74 HBC
CASO 70 HBC
BARNHAM 70 HBC

1600 1640 1680 1720 1760 1800
G MASS (MEU) OMEGA PI NODE

CHISQ
0.0
6.3
9.2
0.2

15.7
(CONLEU=0.0013
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MeSOnS
g(ivoo)

Data Card Listings
For notation, see key at front of Listings.

15 6 WIDTH {MEV)

2 PI MODE
W

W

W

W

W

W

W

W

W

W GH
W

GI
I

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

FQRI NG
GQ LDBERG
AR MEN IS E
CRENNELL
CRENNELL
JOHNSTON
ARMENI SE
BART SCH
ST UiN TE 8 E C

MATTHEW S
MATTHEWS
ENGLER
GRAY ER
THOMPSON
ESTABROQK
HY A MS
BALTAY
BECK ER
COROEN

(40 ~ 0}
180 0
188.
200» 0
200 ~ 0
( 80. 0)
171 0

122 180~ 0
267.
156»
(73~ )

600 167»
(200 )
{42.)

( 240 ~ )
(267. )

476 116 0
f 206 ~ 0)
322 ~ 0

6/660 4.5 PI+D
e pI+D, 8 pl-p

0 5 1 PI+ D

6 0 PI- P
0 6 ~ 0 PI — P
0 7 ~ 0 PI — P09PI+0

+ 8 PI+ Pg2 PI
0 8 ~ PI-Pg 5 4 PI+0
0 7. PI+ N

0 7 ~ P I- P
0 6 ~ P I+N g PI+PI —P
0 17 PI-P)PI+PI —N

+ 13 PI+ P
17 PI-Pq PI+PI-N

0 17 P I-P g P I+P I-N
0 1 5 PI+Pg PI+PI—
0 17 PI- P POLARI Z

1 2-15 PI —P» N ZP I

65 DBC
65 HBC
68 D BC,

68 HBC
68 HBC
68 HBC
70 DBC
70 HBC
70 HD BC
71 DBC
71 HBC
74 DBC
74 AS PK
74 HBC
75 RVUE
75 AS PK
78 HBC
79 AS PK
79 OMEG

40.0
49

100 0
100 ~ 0
(20 ~ 0)
65 ~ 0
30 0
72 '
36»

(36. )
40.

(18 )
(20 ~ )
{30.l
(30.}
30 0

QR MOR E
35 ~ 0

6/68
12/68
12/68

6/68
1/71
5/70
Z/72
2/72
2/72

12/75
2/74

12/75
12/75
12/75
4/78~

I 2/79+
I 2/794

46

CL= 84

H INCLUDED IN BECKER 79 ANALYSIS
I F RON PHASE-SHIFT ANAL Y5 I 5

ERROR TAKES ACCOUNT OF SPREAD QF DIFFERENT PHASE-SHI FT SQLUTI CNS
G USES SAME DATA AS HYANS 75

M FROM A PHASE SHIFT SOLUTION CONTAINING A F PRIME WIDTH
TWQ TINE 5 LARGER T MAN THE K KBAR RESULT .

K KBAR + K K BAR PI MODE

70 ~ 0 CR EiNNELL 68 HBC +- 6 0 PI-P» KBAR K 12/78+
60.0 ADERHOL j 69 HBC + 8 PI+ P, KKBARPI 8/69
ZO ~ SLUM 75 AS PK 01 8.4 PI —P, N K+K- 11/75
40. HARTIN 1 78 SP EC 10 P I P q K S K- P 4/78ttt
TQ JP=3- PARTIAL WAVE
20.0) EVANGEL I 5 79 OMEG 10 PI-P g K+ K— N 12/79+
STINGUI SH BETWEEN 6 AND QMEGA(1670) .

79.0
112 0
205 ~

P 6000 199
P FROM k FI T

L (214»0) (
L THE Y C ANNOT DI

AVG 188 ~ 5
STUDENT 184»3

14» 4 AVERAGE ( ERROR I NCL UDE5 SCALE FACTOR OF 1 »4
12, 5 AVERAGE USING STUDENT 10(H/1. 11l -- SEE MAIN TEXT

( SE E IDEOGRAM BELOW )

WEI6HTED AUERASE = 1BB .S + 1.4 .4

ERROR SCALED BY

W WE AV ERAGE ONLY THE 2P I AND KKBAR MODE 5 WHICH MA VE LARGE STAT I STI C S
Pl
PZ
P3
P4
P5
P6
P7
PB
P9
Plo
Pll

15 G PART I A{ DECAY MODES

G INTO PI PI
6 INTO 4PI ( INCL P IO'S)
G INTO K KBAR. P I
6 I NTO K KB AR

G INTO PI P I RHQ ( EXCLUDING ZRHD+A2 PI }
6 INTO A2 P I
G INTO OMEGA PI
6 INTO 2 RMO

G I NTQ PHI PI
G INTO ETA PI
G+- I NTQ 3 PI CHARGED AND 1 PIO

DEC AY MA SSE 5
139+ 139
139+ 1 39+ 139+ 139
497+ 497+ 1 39
49 7+ 497
139+ 139+ 776

1317+ 139
139+ 782
77 6+ 776

1019+ 139
548+ 139
139+ 139+ I 39+ 139

P 1 P 4
P 1 .2401+- ~ 0126
P 2 —~ 8706 72C9+-. 0160
P 3 .1625 —.5844 .0239+-.0073
P 4 ~ 0584 — 2517 ~ 0089 0151+-.0032

P 3

I 5 G BRANCHI NG RATI QS

Rl G IN
Rl
Rj P
Rl 6
Rl SH
Rl
Rl
Rl 6 FRQ
Rl H INC
Rl P CPE
Rl S ERR
Rl
Rl AVG
Rl STU D ENT
Rl FIT

TQ {ZPI ) /TOTAL ( Pl)
(0 ~ 4) BARTSCH 70 HBC + 8 ~ PI+ P 2/72
0 22 0 04 MATTHEWS 71 HD BC 0 7 ~ P I+N» P I-P 2/72

~ 245) ( 006) E STABRQQQK 75 RVUE I 7 PI-P» PI+PI-N 12/75
( ~ 24) ( ~ 0 1) HYAMS 75 ASPK 0 17 P I-Pg PI+PI-N 12/75
0 ~ 259 0. 018 0 019 BECKER 79 AS PK 0 17 PI — P PCLARI 2 12/79''
0.23 0 02 CGRDEN 79 OMEG 12-15PI-P N ZP I 12/79*

N PHASE —SHIFT ANALYSIS QF HYAMS 75 DATA
LUDED IN BECKER 79 ANALYSIS

MODEL USED IN THIS EST INATIQN
OR TAKE S ACCOUNT OF SPREAD OF 4 DIFFERENT PHASE-SHI FT SOLUT IONS
~ ~ » ~ ~ ~ ~ ~ ~

0, 243 0 ~ 013 AVERAGE ( ERROR INCLUDES SCAL E FACTOR OF 1»O )

0.243 0 ~ 015 AVERAGE USING STUDENT I 0(H/1 ~ 11) -- SEE MAIN TEXT
0 240 0 ~ 0 13 FROM F IT ( ERROR INCL'JOE 5 SCALE FACTOR QF 1 0)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows; The diagonal elements are P. + bp where

1 1
w ere

6P. = i6P. 6P,( . .), while the off-diagonal elements are the normalized correlation coeffi-
cients (ep. ep. ) /(ep. ~ SP.). For the definitions of the individual P. see the listing

1 1 J
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

are thus constrained to add to i.

-MARTIN 1 7B
BLUM 75

SPEC
ASPK

~ {=REVeELL 6B
r nnnr 794 IJ INLJ I I »

. BALTAY 78
EHGLER 74
MATTHEWS 71

''HTEBEC 70

HB(:
OME&

HBC

DBC

DBC

HDBC

ADERHOl Z 69 l-}BC

CHISQ
0.1
0.7

1.6
~ 4

14.6
5.B

0.3
0»B
1.B

G INTO{2 P I
(0 ~ 8}
(0 12
(0 2)

0 ~ 35
2 3

)/ (4 P I'l CHARGED
(0 15)

) OR LESS
QR LESS

0. 1 1
1 ~ 0

(Pl) /(Pl 1 l
+ B. PI+ P

16 PI- P
+ 10.-12. K+ P

8» 18»5 PI — P
01 5 P I+P

R2
R2
RZ
R?
R2
R2
RZ
RZ AVG
R2 STUDENT

2/72
2/72
I /73
1/74

12/784

70 HBC
71 HBC
72 MBC
73 HBC
75 MBC

BART SCH
BALLAN
HOLMES
CASCN
KALELKAR

AVERAGE {ERROR INCLUDES SCALE FACTOR GF 1 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

~ »» ~ ~

0» 11
0 ~ 12

'~ » ~

0.37
0 37

4/784
R3 GO INTO(Z P I)/(4 PI ) ALi {Pl)l(P2)
R3 0 30 0 ~ 10 BALTAY 78 HBC 0 15 PI+Py P 4PI
R3 ~ ~ ~ ~ ~ » ~ ~ ~

R3 F IT 0 ~ 333 0 ~ 024 FROM F IT ( ERROR INCLUDE 5 SCALE FACTOR OF 1» 0)

BARTSLH

ARMENISE

l RENNELL

NE

70 HBC

70 DBC

6B HBC

B HBC

0.1
0.0
0.0

B DBC

HBC

0.0
0.0

28.3
{CONLEU
=0.023}

( 4PI )+- MODE

W 100
J (90 ' 0}

W 144 135.0
Wi 90 ( 180.0)

F 102 { 160 0}
W {160 ~ 0)
W 300 ( 200 )

W 130
W 169
W F {125 )

F 66 (150~ }
W 106 ~

W 177 105 ~ 0
W

W

W

»»» ~

AVG 1 17.8
STUDENT 117.6

35
( 20»0)
30 ~ 0

(30 ~ 0)
{30 0)

30 ~

70 '
(83 ~ )

25 ~

30 0»»» ~

12 9
14»l

48 '
(35 )

8 ALT AY

JOHNSTON
BARTSCH
BART SCH
BART SCH
CASQ
ARNE NI SE
HOLMES
CASCN
CA SON
KL IGER
THOMPSON
BALTAY

68 HBC
e8 HBC
70 HBC
70 HBC
70 HBC
70 HBC
72 HBC
72 HBC
73 HBC
73 HBC
74 HBC
74 HBC
78 HBC

7g 8 ~ 5 PI+
7 0 PI — P

8 PI+ Pp4 PI
8 PI+ PtA2 PI
8 PI+ P, 2 RHO
11~ ZP I-P g RHQ ZP
9.1 PI- P» P 4PI
10 -12 K+ P
8 ~ »18 ~ 5 PI- P
8 ~ 118~ 5 PI — P
4 ~ 5 PI-PpP API
13 PI+ P
15 PI+Pt P 4PI

6/68
6/68
4/71
4/71

I 5/70
12/72

1/73
1/74
1/74

12/75
12/75

4/784'

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 0)
AVERAGE USING STUDENT10(H/1. 1 1) -- SEE MAIN TEXT

W F F RCM {RHQ+ — RHOO ) MODE
J NOT SEPARATED FROM 2 PI DECAY

W

W

W

W

W

»W

W

OMEGA P I NODE

1 30-
(60

( 194.
89 ~

160

7 3 ~

0)
) (94 ~ )

25 ~

0 56 ~ 0
~ ~ ~

AVG 104.
STUDENT 104

7 21 ~ 2
24 ~ 0

43

(60. }

BARNHAM 70 HBC
CASQ 70 HBC
CA SCN 73 HBC
THCNPSON 74 HBC
GE SSAROL I 77 HBC

10 K+ P» OMEGA PI
11 2P I-P t P I QMEG
8»18 ~ 5 PI — P
13 PI+ P
11 PI-P»OMEGA PI

6/70
5/70
1/74

12/75
12/77

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0)
AVERAGE USING STUDENT10(H/1. 11) -- SEE MAIN TEXT

W R PEAKS F

W NR1
"'RZ
NR3

W N

W

ROM MMS ~ ( FOR DIFF ICULTIE S WITH Ni{S EXPTS SEE
THE A2 MINI-REVI EW IN THE 1973 EDITION }

FQCACC I
FQC ACC I
FOCACCI

(21
(30
(38

NOT 5 EEN
{ 195

66 MMS — 7-12 PI-P wP MMS 12/72
66 NMS — 7- 12 PI-Py P M& S 12/72
bb MM 5 — 7-1Z PI-P» P MMS 12l72

) OR LESS
) OR LESS
) OR LESS

BY BOW EN 72
0) ANDERSON 69 NMS — 16 P I- P s BACKW 8/69

0 100 200 300 400

b LIIDTH f MEV } ~ PI PI + K KBAR MODES

6+- I N TO
0
0

fO.

{K KBAR}/( 2PI
08 0»08
08 0 ~ 03
191 l (0 040)

R4
R4
R4
R4
R4
R4 AVG
R4 STUDENT
R4 FIT

0.080 O. 026
0 080 0.028
0 063 0 ~ 014

) (P4) /(Pl )
0 ~ 03 CR ENNELL 68 HBC 6»0 PI- P 12/68

BARTSCH 70 HBC + 8 ~ PI+ P ~ 1/7 l.
{0 ~ 037)GQRL ICH 79 ASPK 0 17» 18 PI —P POLAR 12/79+

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1.0)
AVERAGE USING STUDENTtj0(H/ I» 1 1} SEE MAIN TEXT

FROM FIT (ERROR INCLUDES SCAi E FACTOR QF 1 0)

2/72

R6
Re
R6
R6
R6
Re
Re
R6

6+- I NTG
CO(l.
0
0

AVG 0 ~

STUDENT . 0

( P5+ Pe+PS) / (P 11)
11 P I- P

+ 8 PI+ P
16» P I- P

+ 1 5 PI+P»P 4PI

(RHO ZPI)/(4
NS ISTENT WIT
) (0 15)
88 0 15
96 0 21

~ ~ ~ ~ ~ ~

91 0 12
91 0.13

P I } CHARGED
H 1 CA SO

BART S CH
BALLAN
BALTAY

68 HBC
70 HBC
71 HBC
78 MBC

e/6 8
2/72
Z/72
4/78~

AVERAGE f ERROR I NCLUDE 5 SCALE FACTOR OF 1 0 )
AVERAGE USING STUDENT 10(H/1» 1 1) -- SiEE MAIN TEXT

R7
R/
R7
R7 A

R7 A

R7
R7 T
R7
R7

G+- INTO (2RHO)
(0 7}
(0 ~ 92)
(O. 78)

ASSUMING { ALL
66 (.56)

f 0. 13)
0, 12

RHQ RHQ AND A2

l (4 PI) CHARGED
(0 15) BART SCH 70 HBC

ARNENI SE 72 HBC
(0 33} CASON 73 HBC
4P I ) =(RHO RHG) + (OMEGA PI )

KL IGER 74 HBC
( 0» 09) THOMPSON 74 HBC

0 11 BALTAY 78 HBC
PI MODES ARE INDI ST INGU ISHABLE

( P8l /( P 11)
+ 8. PI+ P

9 ~ 1 PI- Pg P 4PI
8 g18 5 PI- P

4. 5 PI-PgP 4PI
+ 13 PI+ P
+ 15 PI+P, P 4PI

~ 2/72
12/72

1/74

12 l75
12/75
4/78'

RB G+- INTO (2 RHQ )/ {ALL RHO ZP I ) ( PB) /(P 5+P6+ P 8}
0 ~ 48 0 ~ 16 CASO 68 HBC — 11 P I- P

{0 75) OR MORE BI SWAS 68 HBC — 8 PI- P
6/68
2/72

R9
R9
R9
R9
R9
R9 T
R9
R9 T

G+- INTO (PI A2)/(4 PI) CHARGED
(0-6) BALTAY 68 HBC

NQT SEEN J0HNsT0N e8 HBc
(0 ~ 6) {0»15) BART SCH TO HBC

NGT SEEN CASON 73 HBC
(0 36) (0~ 14) THCMPSON 74 H BC
0 ~ 66 0 ~ 08 BALTAY 78 HBC

RHG RHO AND A2 PI MODES ARE INDI ST INGU ISHABL E

(P6)/(Pl}. l
+ 7g8 5 PI+P

~ 7 PI — P
+ 8. PI+ P

8»y 18»5 PI — P
+ 13 P I+P
+ I. 5 PI+P yP 4PI

6/68
6/68
2/72
1 /'74
4/784
4/78+

( P7) /(P 11)
+ 7-8 5 P I+P

7 0 PI — P
16. PI — P

8 F18 5 PI- P

INTO (P I OMEGA}/(4 PI) CHARGED
0 25 0 ~ 10 BALTAY 68 HBC.25 0.10 JOMNsTQN e8 HBc
0 ' 12 0 F 07 BALL AM 71 HBC

(0 ~ 22) ( 0 ~ 08) CASON 73 HBC
UMING (ALL 4PI)={RHQ RHO) + (OMEGA PI )

09) QR LESS K{ IGER 74 HBC
0 ~ 33 O»07 THOMPSON 74 HBC

{0 ll ) OR LESS CL=0.95 BALTAY 78 HBC»»»»»» ~ ~ ~

0 ~ 233 0 050
0.236 0.051

Rj 0 G+-
R10
R10
Rl 0
Rlo A

R10 A ASS
R10
R10
R10
R10
R10 AVG
R10 STUDENT

5/68
6/68
2/72
1/74

4 ~ 5 PI-P ~ P 4PI
+ 13 PI+ P
+ 15 P I+P t P 4PI

12/75
12/75
4/78+

AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1 2!
AVERAGE USING STUDENT10(H/1, 11} -- SEE MAIN TEXT

R5 6+- INTO (K KBAR PI )/(2PI ) f P3) /(Pl }
R5 0..10 0 03 BARTSCH 70 HBC + 8 PI+ P
R5 ~ ~ ~ ~ » ~ ~ ~ ~

R5 FIT 0 100 0 ~ 030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)

Rev. Mod. Phys. , Vol. 52, No. 2, Part li, April 1980



Particle Data Group: Review of particle properties S147

Data Card Listings
For notation, see key at front of Listings.

Me sons
(yppp), x(169p), +(19pp)

R11 G+- INTO (PI PHI)/(4 PI ) CHARGED (P9) /(Pll)
Rll (Dell) QR LESS BALTAY 68 HBC + 7e8 ~ 5 PI+P

R12 G+- INTO ( PI+- 2PI+ 2PI- PI 0) /(4 PI ) CH ~

R12 (0 ~ 15 ) OR LESS BALTAY 68 HBC + 7e8 5 PI+ P

slee

6/68

W N

W N

64 X{ 1690) WIDTH (MEV)

(38 ) (18~ ) DANYSZ 67 HBC
NQT SEEN IN HIGH STATIST ICS EXP ~ OF OREN 74

t 50 ~ 0} (15~ 0) YOST e8 HBC
90 ' 20 BARNES 69 HBC

0 3e3 6 PBAR P 1/73

04 3 K-P e LMBD ~ 5P I 1/, 73
0 4 6 K-Pe OPEGZPI 1/73

R13 G+- INTO (P I ETA)/{ 4 P I) CHARGED ( P10) /( P11 )
R13 (0 ~ 02 & OR LES,S THOMPSON 74 HBC + 13 PI+ P

R14
R14 8
R14 8
R14
R14 F IT

R15 G+- INTO (2 PI )/(2RHO)
R15 S „(0~ 48) OR LESS
R15 S SUPERSEDED BY CASON 73

(Pl)/{98)
BISWAS 68 HBC — 8 ~ PI — P

G+- INTO (K KBAR ) /TOTAL ( P4)
0.013 0 ~ 004 MARTIN 2 78 SP EC —10 PI PeKS K- P

FROM SQRT( Pl¹P4) =0 056+-0 034 ASSUMING {2PI )/TOTAL=Pl=0 24
0 ~ 0 ~ e 1 ~ ~ ~

0 01 51 0 ~ 0032 FROI4l F IT ( ERROR I NCLUDES S GAL E FACTOR 0 F 1 0 )

12/75

4/78¹

12/78¹

DANY SZ
YQST
BARNES
OR EN

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
REFERENCES FOR Xt 1690)

67 NC 51 A 801 DANY SZ+FRE NCH+S I MAK {CERN )
e8 UMD T.REPORT 849 +YQDH, E INSCHLAG, DAY, GLASSER ( UMD)
b9 I RL 23 142 +CHUNGe EISNERe Fl AMINIOe + ( BNL)
74 NP B 71 189 +CQOPEReFI ELDSe RHI NESe WHITMORE e+ {ANL+QXF )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
REFERENCES FOR G

43 A4{ 1900e JPG= -) I=1

BELLINI 65 NC 40 A 948
DEUT SCHM 65 PL 18 351
FORINO 65 PL 19 65
GOLDBERG 65 PL 17 354

ARMENISE 68
BALT AY 68
81 S'WAS 68
BO ES EBEC 68
CASQ e8
CRENNELL 68
JOHiiJSTON 68

NC 54 A 999
PRL 20 887
PRL 21 50
NP B 4 501
NC 54 A 983
pL 28 B 13e
PRL 20 1414

EHRL ICH 66 P R 152 1194
FOCACCI 66 PRL 17 890
LEVRAT 66 PL 22 714
SEGUINOT 66 PL 19 712

ABRAMS 67 PRL 18 620
DANYSZ 67 PL 248 309
DUBA L 67 NP 83 435

AL SO 68 THE S I S 1456
FR EiNCH 67 N C 52A 442

BELLINI eDI CCRATOe OUI MICeFIORINI {MILANO)
M ~ DE UTSCHM ANN ET AL (AACHEN+BERLI N+ CERN)
FORINQe GFSSARQLI + ( BOLOGNA+OR SAY+SAC LAY)
GOLDBERG+ (CERbl+EPQL+ORSAY+MI LANQ+CEA-SACL}

R ~ EHRLICHeW ~ SELOVEe H YUTA t PENNSYLVANIA }
CERN MISSI NG MiASS SPECTROMETER GROUP (CERN)
CERN MISSING MASS SP ECTROMETER GROUP t CERN)
CERN MI SSI NG MASS SPECTROMETER GROUP (CERN)

+KEHOE+GLASSER+S ECHI-ZORN+WQLS KY ( MARYLAND )
+FRE NC H+K I N SON+ S I MAK+ (CERN+LIVERPGQL )
+FOCACC I+K IENZLE+LECHANQIbl E+L E VRAT+ ( C ERN)
L ~ DUBAL t GEN EVE)
+K IN SON+MCDONALD+R I DDI FORD+ ( CERN+8 I RM)

+FOR INO+CARTACCI+ {BARI+BGNA +F IRENZE+QRSAY) I
+KUNG+YEH+FERBEL+ (CQLU+RQCH+RUTG+ YALE) 1=1
+CASON e DZI ERBAe GRQV ESe K ENNEYe+ (NDAM }
BOES EB ECK DE UTSC HMANN e+ (AACHEN+BER LI N+C ERN}
+CONTE+CORDS+DIAZ+ ( GENOVA+HAMB+MILA+SACL )
+KARSHONeLAI e SCARR eSKILLICORN (BNL)
+PRENTICE e STEENB ERG e YOON {TORONTO+W ISC) I JP

THIS ENTRY CONTAINS THE DIFFRACT I VE-LIKE 3PI AND 5PI
BU'MPS IN THE REGION OF 1900 MEVe AS WELL AS VARIOUS
PEAKS NEARBY ~ NOTE THAT THE EXI STENCE OF AN S-WAVE
GPI THRESHOLD BUMP ( IN ANALOGY TO Al AND A3&
I S blOT UNE XP ECTED' OMI TTED F ROM T ABl E ~

43 A4 MASS (MEV)

{1900~)
(1830

40( 1960 )
(1800 ~ )

208( 2 C 80% l

(2100. )
(2214 )

M

M 8 (30~ )
M

M C (40 ~ )
M A P PROX
M (15 )

HUSCN
SALZBERG
BA STIEN
DEUT SCHM
KA LELKA R

ANT IPCV
BALT AY

68 HLBC — lb. PI-Ae A 5PI 2/74
72 HBC — 1 3e 20 P I -P e P 3P I 2/74
73 DBC — 15.Pj-De 0 3P I 2/74
75 HBC + 16 PI+PeP 3PI 12/75
75 HBC + 15 P I+P P PI+G 12/75
77 C I BS — 2 5PI-Pe 9 3PI 12/77
77 HBC 0 1 5P I- Pe DEL++3P I 12/77

7/67

M 8 MARGjblAL STATI STI CAL S I Gl'J IF ICANC E ~

M C SAME EXPERIMENT AS BALTAY 77
M K OBSERVED IN (KS KO PIO ~ ~ ) MODE (G-PARITY UNKNOWN)

M VARIOUS PEAKS
M K (18ZO. ) (12 FRENCH 67 HBC 0 3e3 6 PBAR P

ARMEN IS E 70
8 AR NHAM 70
BARTSCH 70
CA SO 70
KRAI'1ER 70
MAURER 70
ST UNTE8 E 70

LNC 4 199
9RL 24 1 083
NP 8 22 109
LNC 3 707
PRL 25 396

THES IS NO ~ 588
PL 32 8 391

BALLAM 71 PR D 3 Z606
BRAUN 71 NP 8 30 213
GRAYER 71 PL 35 8 610
MATTHEWS 71 NP 8 331

ADERHOLZ 69 HP 8 11 259 '

ANDERSON 69 PRL 22 1390
BARI SH 69 PR 184 1375
CASO 69 blC 62 A 755
VETL I TSK 69 S JNP 9 461

+BARTSCHe+ ( AACH+ BERL+C E RN+ JAG L+W ARS )
+COLL INS e BL I EDEN+ ( BN L+ CAR N)
+SELOVEeBI SWASeCASONe+ ' (PENN+NDAM+ROCH)
+CONTE e BENZ e+ ( GE NO+DES Y+HAMB+MI LA+SACL )
+GUZHAVINe KLIGERe KOLGANQVeLEBEDEV+ ( I TEP)

+GHID INI eFQR INOe CARTACC I e+ (BARI+BGNA+F IRZ)
+CQLLEYe JOBES e KENYONe PATHAK e RI ODI FORD l 8 IRM )
+KRA US e TSANOSeGROTE e KOT ZAN+ t AACH+BERL+C ERN)
+CONTE TOMASINI CORDS+( CENO+HAMB+MILA+SACL)
+BARTQNe GUTAYe LI CHTMANe MILL ERe + ( PURDUE }
G ~ MA URER ( STRASBOURG)

W +STUNTE BECK eKENNEY e DE ERY e BIS AS eCASON (NDA )

+CHADWI CK e GU IRAGQSSIANe JOHNSON e+ l SLAC)
+F RIDl'1ANe GERBER e GI VERNAUDe KAHNe+ (STRB)
+HYAMS e JONESe SCHl E INe BLUMe+ (CERN+MPIM) J�P-

3+PRE�NTI�

e YOONe CARROLLe + (TNTO+W ISC & J P3-

A4 WIDTH (ME V)

(130.}
W 8 40 (200. )

C 208 (340 ~ ) (80 )
W t 500 }. APPROX ~

M (355. ) (21 )

SALZBERG 72 HBC — 13e 20 PI-P eP 3P I
BASTIEN 73 DBC — 15 PI-De D 3PI
KA) ELKAR 75 HBC + 15 PI+Pe P PI+G
ANTI POV 77 C I BS — Z5PI-Pe P 39 I
BALTAY 77 HBC 0 1 5PI-Pe DEL++3PI

W 8 MARGINAL STATIST ICAL SIGNIFICANCE ~

W C SAME EXPERIMENT AS BALTAY 77
W K SEE NOTE K ABOVE

67 HBC 0 3-4 PBAR P
W VARICUS PEAKS
W K (50 ) {20~) FR ENCH

2/74
2/74

12/75
12/77
12/77

7/67

ARMENISE 72
ALSO 75

BOW EN 72
C LA YTON 72
GRAYER 72
HGLMES 72

LNC 4 205
LNC 14 177
PRL 29 890
NP 8 47 81
PHIL ~CONF PROC
PR D 6 3336

+FORINQe CARTACCIe+ ( B ARI+BGNA+F I RZ }
+FOGLI-MUCIACCI A FORI NQ+ (BARI+BGbjA+F IRZ) J P
+EARL ESe FA I SSLER eBLI EDE Ne+ ( NEAS+STON}
+MASON ~ MUIRHEADe RIGOPOULOS e + (L IVP+P ATR )

5 +HYAMS e JCNE S e SCHLE IN eBLUMe DIET L+ (CERN+MPIM }
+FERBE Le SLATTERYe WERNER ( ROCH )

Pl
P2
P3
P4

43 A4 PARTI AL DECAY MODES

A4 IblTO 3P I
A4 INTO RHO P I
A4 INTG F Pl
A4 INTO G PI

DECAY MA SSE S
) 39+ 139+ 139
776+ 1 39

127 3+ 139
1700+ 139

ARNQL 0 73 LNC 6 707
CA SON 73 PR D 7 1971
CASQN 1 73 NP 8 64 14
HYAMi S 73 NP B 6 4 134
ROBERTSO 73 PR D 7 2554

+ENGEL ESCOUBES, KURTZ LLORET PATY + t STRB)
+BISWASe KENNEY e MADDEN e SAblDER e S HE PHARD (NDAM )

+MADDEN e B I SHOP e 81 5 WA S e K E NNEY e+ ( NDAM }
+JONES W E ILHAMMER BL UM DIETL + (CERN+MP I M )
ROBERTSQNe WALKEReDAVIS ( DUK 8+W IS C ) Rl

Rl

43 A4 BRANCHI NG RAT IQS

A4 INTC t G PI }/ (ALL 3P I )
DOMINANT

(P4) /(Pl)
KALELKAR 75 HBC + 1 5 9I+P e P 3P I 12/75

DUBOVIKO 74
ENGLER 74
GRAYER 74
KL IGER 74
OR EiN 74
THC)1PSQN 74

5JNP 1S 568
PR Dl 0 2070
NP 8 75 189
SJNP 19 4Z8
NP 871 189
NP 869 220

DUBQVI KQV MATSYUK NI LOV SOKOLOV ( ITEP )
+KRAEMERe TQAFFeWE I SSEReDIAZ+ (CARN+CASE )
G GRAYERe HYAMSe BLUMeDIETLe+ {CERN+MPIM)
+BEKETQVe GRECHKO eGUZHAV INe DUBOVIKQV+ ( ITEP )
+COOP ERe FIELDSe RHINE Se WHI TMORE e+ (ANL+QXF )
+GAI DOS e MC ILWAINe MILLEReMUL ERA e+ ( PURD )

BL UM 75 P L 57B 403 +CHABAUDe 0IETLe GAREL ICK e GRAYER+ l CERN+MP IM) JP
ES T ABROO 75 NP 895 322 P ~ ESTABROOKSeA D MART IN t DURH)
HYAMiS 75 NP B100 205 +JONES WEI LHAMMER ~ BLUM, DIETL+ (CERN+MPIM )

KALELKAR 75 THE S I S(NEVI S 207) M ~ 5 KALELKAR ( COLU ) 1=1

DANYS2
FRENCH

67 NC 51A 801
67 NC 52 A +42

REFERENCES FOR A4

DANYSZ+FRENCH+S IMAK
+K INSON+ MCDCNA{. D+RIDDI FORD+

(CERN]
( CERN+8 IRM }

BEMPCRAD 71 NP 8 33 397 +DUFE Y e COOL ING e+ (CERN+E TH+LOIC+ MILA)

HUSGN 68 PL 28 8 208 +LUBATT Ie BELLINIe 8 INGHAMe+ (ORSA+MILA+LB L)

ANTIPOV 77 NP 8 119 45
GESSAROL 77 NP 8 126 382

BALTAY 78 PR D 17 62
FORI NQ 78 NP 8 139 413
MARTIN 1 78 PL 74 8 417
MART IN 2 78 NP 8 140 158
MARTIN 3 78 ANP 114 1

+BUSNE LLQe DAMGAA RDeK I ENZLE+ t CERN+SERP )
GE SSAROL I e+ t BGNA+F I RZ+GE NO+MILA+OXF+ PAVI )

+CA UT I S eC QHE N e C SORNA e SM I TH e YEH e+ (COLU+ 8 IHG }
+CARTACC I e+ ( BGNA+F IRZ+GENO+M ILA+OXF+PAVI ) JP
+OZMUT LU+ BALDI, BOHRI NGE Re DORS AZ+( OUR H+GEVA )
+OZMUTLUeBALDI e BOHRI NGE Re DORSAZ+ (DURH+G EVA)
A. D MART INe M R P ENNINGTON {CERN)

CLAYTON 72 NP 8 47 81
HARRISON 72 PRL 28 775
SALZBERG 72 NP B 41 397

+MA SON e MUI RHEADe RI GOPOULOS e+ ( LIV P+ PATR)
+HEY DA e JQHNSQNe KIMe LAWe MUELLERe+ ( HARV&
+HARRI SONeHEYDAe JOHNSONeKIMeLAWe+ .(HARV)

BA STI EN 73 UPP SA LA CONF e 73 +DUNN e HARR I S e LUBATTI e BI NGH AMe + t S EAT+UC8 )

CIREN 74 NP B71 189 +COOPERe FI ELDSe RHI NE Se WHITMQRE e+ {ANL+CXF

BECKER 79 NP 8 151 46 +BLANAReBLUM eCERRADA+ ( MPIM+CE Rbl+ZEE M+CRAC)
CQRDEN 79 NP 8 157 250 +DQWELL e GARVEY ~ JOBES e+ ( BIRM+RHEL+T ELA+LOWC ) J P

EVANGEL I 79 NP 8 154 381 + (BARI+BQNN+CERN+DARE+GLAS+LI VP+MILA+WIEN)
GORL ICH 79 CERN/ EP 79-139 +NIC ZY PORUKe RO2ANSKA+ ( CRAC+MP 1M+CERN+2 EEM)

DEUT S C HM 75 NP 899 397 DEUTSCHMANNe+
KALELKAR 75 THESI St NEVIS 207) M ~ S.KALELKAR

(ABBCCHW COLLABORATION)
(COLU)

(CERN+SERP)
(COLUMBIA } JP
( COL UMB I A ) JP

ANTIPOV 77 NP 8 119 45 +BUSNELLQe DAMGAARDe K IENZLE+
BALTAY 77 PRL 39 591 +CAUTI SeKALELKAR
CAUTIS 77 THESIS NEVIS 221 CeV ~ CAUTIS

BALTAY 78 PR D 17 52 +CAUTI Se COHENe CSORNA e KA LELKAR+ (COLU+ BING)

64 X( 1690)

THI S LNTRY CONTAINS CMEGA PI PI PEAKS ARQUblD
1690 MEV. EVIDENCE NQT COMPELLING. OMITTED FROM TABLE

64 X( 1690) MASS ( ME V)

N (1689~ ) l 10 ) DANYSZ e7 HBC
M N blOT SEEN IN HI GH STATI ST IC S EXP OF QREN 74
M (1670~ 0) ( 18 0 ) YOST 68 HBC
M 1695~ 0 20 ~ 0 BARNES 69 HBC

0 3e 3 ~ 6 P BAR P 2/74

04 3 K-P e LMBD o 5P I ~ 2/74
0 4 ~ 6 K- P e OMEG2P I 2/74
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Mesuns
AR(1900), S(1935)

Data Card Listings
For notation, see key at front of Listings.

AR(1900)
17 AZ ( 1900' JPG~4+ —) I~1

THIS ENTRY CONTAINS THE STRUCTURES FOUND WITH A

MOMENTS ANALYSIS OF THE KS K- SYSTEM AND 'W IT H

A PART IAL WAVE ANALYSI S OF THE NEUTRAL 3 PI
SYSTEM ~

WAI T CONF I RMATI ON OMI TTED FROM TABLE

No evidence for the S (1935) has been reported
in production experiments except by bAUM 79, who

see a narrow enhancemerjt at 1940 MeV in an inclusive

pp mass spectrum from proton-proton interactions at
17 A2 ( 1900 ) MASS (MEV )

1903 0
2C30 0

M Y
M M

M

M

M

A VG 1'907 9
STUDENT1906 ~ 3

10.0
50»0

9 8
10 9

BALDI
CORDEN

78 SPEC — 10 PI-PyP KS K- 12/77
78 OMEG 0 15 PI- Pw3 PI N 12/78+

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10{H/1 11) -- SEE MAIN TEXT

M M JP=4+ I S FA VQURED ~ THOUGH 2+ CAN NOT BE EXCLUDED. 12/784
M Y FRCM A FIT TO THE Y(8g0) MOMENT

17 A2( 1900) WIDTH (MEV)

166~ 0
510~ 0

Y
W

W

W

W

~ ~ 0 4

AVG 181~ 2
STUDENT 178~ 6

43 0
200 0

~ 0 ~ ~ ~

42 ~ 0
46. 4.

BALDI
CORD EN

78 SPEC — 10PI —Pg P KS K- 12/77
78 OMEG 0 15 PI — Pg3 PI N 12/78+

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 ~ 11) —— SEE MAIN TEXT

W M JP=4+ IS FAVOURED g THOUGH 2+ CAN NOT BE EXCLUDED ~ 12/78+
Y FROM A F I T TO THE Y( 8 0) MOMENT

W

93 GeV/c. A pp enhancement at the mass of the
S(1935) and having a narrow width is also observed

in photoproduction (RICHARD 79).
The absence of the S(1935) in the most recent

antiproton-deuterium total cross-section measure-

ments (ALBERI 79, HAMILTON 80) favors I=O for a

resonance with a width smaller than 20 MeV. The

DEFOIX 80 data suggest that a large enhancement

(width of the order of 80 MeV) at 1950 MeV might be
l

present in the I=1 five-pion annihilation channel.

BALDI
CQRDE N

CORD EN

78 PL 74 B 413
78 NP B 136 77

78 NP B 136 77

REFERENCES FQR A2{ 1900)

+BOHRI NGER tDQRSAZt HUNGERBULERt+ (GENEVA) JP
DOWELLED GARY EYt JO BES+ ( BIRM+RHEL+TELA+LOWC ) J P

DOW ELL y

GARVEY'S

JO BE S+ ( BI RM+RH EL+ TELA+L OWC ) J P

+Q+QQ+ +3}CQ

measurements of the antiproton-proton total cross
section. KAZAE 80 see no ef feet at all. With much

31 S{1935m JPG= )

A narrow enhancement has been observed in the

antiproton —proton total cross section, called the

S (1935) (CARROL 74, CHALOUPKA 76, BRUCKNER 77 } .
The three experiments are in reasonable agreement

on the mass and width (see the Data Card Listings
below) and on the size of the enhancement above

background. However, CHALOUPKA 76 finds a large

elasticity, whereas BRUCKNER 77 observes the

enhancement mainly in the annihilation channels.

SAKAMOTO 79 sees a narrow enhancement compatible

with CARROLL 74, CHALOUPKA 76, and BRUCKNER 77, but

of more limited statistical significance.
Considerable doubt has been cast on the

existence of the S(1935) as a narrow state by new

31 S MASS (ME V)

M

M C
M 8
M S
M C
M Z

Z

M S
M

M

M A

M M

M

M

M

M

M

M

S CHANNEL NBAR N

(1940 ~ ) (8 ~,)
( 1968. )
1932. 2 ~

{1942 ~ ) {5~ )
( 1934» 4) {2 ~ 6)

NOT S EEN BY ALBER I 79
1 935 ~ 9 1 ~ 0
1939 0 3~0
1935.5 loO

( 1949 ~ ) ( 10 ~ )
1939,0 2 0

HBC 0
HBC 0
CNTR
HBC 0
DBC

IST ICS~
HBC 0
SPEC 0
HBC 0
HBC 0
CNTR 0

~ 25- ~ 74 PBAR P 2/72
1 — .8 PBAR P 2/72

S CHAN PBAR Pg 0 12/75
~ 175- 750 PBAR P 12/75
P BAR N ANN IH 12/75

C( INE 70
BENV ENUT I 71
CARROLL 74
0-ANDLAU 75

(1 41 KALOGERQ 75
W ITH COMPARABLE STAT

CHALOUPKA 76
BRUCKNER, 77
S AK AMOTQ 79
DEFOI X 80
HAMILTON 80

12/75
7/77

12/794
I /804

12/794

P BAR P TOT g EL AS
~ 4- 85 PBAR P
~ 37- 73 PB P
PBAR Pg5PI
S CHANe PBAR P

PRODUCT ION
36(1940.0)

EX P ER IMENT S
(1 ~ 0 )

~ e o ~ e

0 +84 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 4)
Oe 70 AVERAGF USI NG STUDENT 10 (H/1 ~ 1 1) —— SEE MAIN TEXT
(SEE IDEOGRAM BELOW )

DAUM 79 CNTR 0 93 P PgPB P + X 12/79+
0 ~ ~ 0

A VG 1935 80
STUDENT1935 8Z

M A

M A

M B
M

M C
M

M M

M M

M M

M N

M S
M

M

FROM ENERGY DEPENDENCE OF 5PI CROSS-SECTION IG=l FROM OBSERVATION
OF OMEGA RHO DECAY P=+ ANO J&I ~ A2 PI PI Al SO S EEN ~

SEEN AS A BUMP IN THF PBAR P KS KL CROSS SECTION WITH J PC 1 ~

NOT SEEN BY CARSON 72 WITH EQUAL STATISTICS ~

FROM ENERGY DEPENDENCE OF FAR BACKWARD ELASTIC SCATTERING ~

SOME IND IC AT ION OF ADD IT IONA L S TRUCTUR E ~

I=O FAVOURED' J=O OR le SEEN IN TOTAL PBAR P TOTAL CROSS SECTION~
PRI MARLY F ROM ANNI H ~ REACTIONS ~ NOT SEEN IN PBAR 0 TOTAL AND

ANNI H CROSS SECT IONS
SEEN IN 3 CHARGED MODE ~ NOT SEEN BY BO'W EN 73 WITH 6X ST AT I ST I CS ~

NARROW BUMP SEEN IN TOTAL PBAR PrD CROSS-SECTIONS ISOSPIN UNCERTAIN

NOT SEEN IN PBAR P CEX BY GARNJGST 75' CHALOUPKA 76 ~ INTEGRATED
CROSS-SECTION 3X LARGER THAN BRUCKNER 77

The existence of a narrow S (1935) resonance is
still open to conjecture, but it may be the case
that two resonances, with I=O and I=1, are present
in the 1935-1950 MeV mass region, both having a

relatively large coupling to the antiproton-proton
channel. Spins of 2 to 4 are compatible with all
experimental data, although HAMILTON 80 favors
spin 0 or 1.

better statistics, HAMILTON 80 observes a broad

enhancement at 1939 + 2 MeU, with a width of 22 + 6

MeV. The magnitude of the enhancement above back-
+6

ground is 3.0 + 0.7 mb, compared with the 18 3 mb

LJEISHTED AUERA&E = 1935.EIO + 0.EI4

ERROR SCALED BY

found by CARROLL 74. The dominant coupling seems

to be to the annihilation channels.
No significant signal is observed for a narrow

S(1935) in backward antiproton-proton elastic
scattering (GARNJOST 79), nor in the charge-exchange

cross section (GARNJOST 75, CHALOUPKA 76, HAMILTON

80).

HAMILTON EI0 CNTR
SAKAMDTO 79 HBC

.BRUCKNER 77 SPEC
OUPKA 76 HBC

OLL ?4 C. NTR

1925 1930 1935 1940 1945 1950
S MASS (MEV)

CHISQ
2.6
0 ~ 1
1.1
0.0
3.6
7.4

( CONLEV
=0.116)
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Data Card Listings
For notation, see key at front of Listings.

Me sons
S(1935), h(8040)

31 S WIDTH (MEV)

S CH ANNE L
(49 ~ )
(35 ~ }

9.
(57 5
(11 )

NOT S EEN
8 ~ 8

(4 0
Zo8

(80. )
22 0

NBAR
(9.)

) (5. )

{llew )
BY ALBERI 79 W

4+3
) OR LESS

1 4
(20. )

6 ' 0

W

C
W 8
W S
W C
W Z

W Z

W S
W

W

W A

W M

~ 0 ~ ~ ~ ~ ~ I ~

W AVERAGE MEANINGLESS (SCALE

CLI NE 70
8ENV ENUT I 71

3 CA RRCLL 74-
D- ANDLAU 75

(4 ~ ) KALOGERO 75
I TH COMPARABLE STATI

3 ' 2 CHALOUPKA 76
BRUCKNER 77
SAKAMGTO 79
DEFGIX 80
HAMI L TON 80

HBC 0
HBC 0
CNTR
HBC 0
DBC
STICS
HBC 0
SPEC 0
HBC, 0
HBC 0
CNTR 0

25- 74 P BAR P
gl — .8 PBAR P

S CHAN, PBAR Pg D

175-~ 750 PBAR P
PBAR N ANN IH

P BAR P TGTgELAS
~ 4- 85 PBAR P
~ 37- ~ 73 PB P
PBAR Pg 5PI
S CHANg PBAR P

2/72
2/72

12/75
12/75
12/75

12/75
7/77

12 /79¹
1/80¹

12/79¹

DAUM

FACTOR = 2 ~ 1)

79 CN TR 93 P Pg PB. P + X 12/79¹

LJEIGHTED AVERAGE = 1982.2 + 16.5
ERROR SCALED BY 2.B

SEE FOOTNOTES UNDER S MASS' ABOVE

31 S PARTI AL DECAY MODES

R EFER ENC ES FOR S( 1935)

CL INE 68
CLINE 70

ALSO 70
BENVENUT 71
PI NSKI 71
BI ZZARR I 72
BQWEN 1 12

P RL 21 1268
PREPR INT
KI E V CONF

PRL 27 283
PRL 27 1548
PR D 6 160
PRL 29 890

+ENGLISHgREEDERg TERREI L gTWITTY (WISCONSIN)
D ~ CL IN Eg J ~ EN GL IS Hg D ~ 0 ~ R EE DER (WISC}J
ASTI ER RAPPORTEUR TALK
BENVENUT Ig CLINEg RUTZg REEDERg SCHFRER ( WI SC)
STEPHEN S PINSKY ( UT AH+ AR GO NN E )

. +GUIDQNI g MARZANO g CAS TEL LI g+ (ROMA+ TRST)
+EARLES g FAISSLERg BL I EDENg+ (NEAS+STON )

DECAY MASSES
P 1 S I NTO P BAR P 938+ 938

I ¹¹¹¹¹¹¹¹¹

1B50 1950
MASS (MEU)

2050

RNGELIS 79 OMEG

RDEN 79 OMEG

UM 75 ASPK
EL 75 (.NTR

2150

(:HISQ
0.7

13.2
7.3
2.5

23. El

(CONLEU
=0.000)

BUP.N S 74 N C 20A 463
CARROLL 74 PRL 32 247

ABASHIAN
D-ANDLA U

DE FQ IX
DQ NNACH I
GA RiN J OS T
KALOGERO
WE INGART

75 P RL 34 691
15 PL 588 2Z3
75 PAL ERMO CONF
75 NC 26 A 317
75 PRL 35 1685
75 PRL 34 1047
15 PRL 34 1201

BQWE N 73 P RL 30 332
BURNS 73 PR D 8 1286
KIENZLE 73 PR D 7 3520

+EARLESg FAICSLERg BLI EDENg+ ( NEA S+ S TON)
+CONDONg DONAHUE g MANDELKERNg PRI CEg+ (UCI )
W ~ KI ENZL E (CERN)

+CONDGN g MANDELKERNg PR I C E g SCHUL TZ
+C H I AN Gg KY C I Ag L I g M AZ UR g M IC HA EL g +

(UCI )
( BNL)

+BEAMERg BRGSSg EI SENSTEINg+ (ILL+ANL+I SU)
+COHEN —GANOUNAg LALOUMg LUTZg PETRI (CDEF+P ISA ) J P
8 FRENCH RAPPORTEUR S TALK (CDEF )
A DQNNACHI E g P R ~ THOMAS (MANCHESTER )
+KENNEYgPOLLARDg ROSS g TRIPP g+ ( LBL+Mf CO)
KALOGE ROPOULOSg T ZANAKQS ( SYRA }
WE INGARTENg CKUBO (ROC H)

Wi

W

W

W

W

W

W

W

700 180.
225.
263.0
100.0

( 140 0)
I=Og JP=4+

~ 0 ~ 4

AVG 143.7
STUDENT 142 ~ 7

16 H WIDTH (MEV)

60 ~

120 '
57 ' 0
28 0

(15 0)
FROM AMPLITUDE

70 ~

APEL 75
BLUM 75
CCRDEN 79
EV ANGEL I S 79
RQZANSKA 80

ANALYS I S ASSUMI NG

CNTR 40 PI —P g N 2PI 0
AS PK 18 ~ 4 PI —Pg N K+K-
QMEG 12-15PI-P g N 2P I
QMEG 10 ~ PI-Pg K+ K-,N

SPRK 18 PI-Pg P PB N

ONE P IGN EXCHANGE

11/75
11/75
12/79¹
1 2/79¹
12/79¹
12/78¹

~ ~ ~ ~ ~

36 6 AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 ~ 6}
31.1 AVERAGE USING STUDENT 10(H/1 11) —— SEE MAIN TEXT

( SE E IDEOGRAM BELOW )

AB ASHIAN 76 PR 0 13 5 +WATSGNg GELFANDg BUTTRAM, +( ILL+ANL+CHIC+ISU)
DEFQ IX 76 STOCK. SYMP ~ NBAR-N +LADRON DE GUEVARA gANGELINI g+ (CDEF+PISA)
DOVE R 76 PL 62 8 Z93 +KAHANA ( BNL)
CHALOUPK 76 PL 61 8 487 CHALOUPKA, + ( C ERN+LI V P+ MGNS+P A CO+ROMA+TRST )

FREIGHTED }:}VER}:}GE= 143 .7
ERROR SC}:}LED BY 1.6

BENKHEIR 77 P} 8 68 483
BRUCKNER 77 PL 67 8 222
MCNTANET 77 BQSTO N CONF.
RCSSI 77 PL 70 8 255

CARTER 78 NP 8 132 176
CUTTS 78 PR D 17 16
PF NNI NGT 78 NP 8 137 77

BENKHE IRIg BOUCROTg + ( CERN+CDEF+EPQL+LALQ)
+GRANZ gI NGHAM, KI LIAN, LY KEN+( MP IH+HEI D+C ERN)
L ~ MCNTANET (CERN)
G C ~ ROSS I g G VENEZIANO (CERN )

A A. CART ER (LCQM) JP
+GOOD GRANNI Sg GREENg LEE PI TTMAN+ (STQN+W ISC )
M R. P ENNI NGTON

(CERN�)

AL SERI
ALSTCN —G

CARROLL
DA IJMi

DE LCOURT
G!BBARD
KLUYVER
R I CHARD
SAKAMOTO

79 PL 83 B 247
79 P RL 43 1901
79 PR D 19 1950
79 CERN/ EP 79-157
79 PL 8 86 395
79 P RL 42 1593
79 ZPHY C 2 351
79 LAL- 79/35
79 NP B 158 410

+ALVEARgCASTELLI g POROPAT+ ( TRST+CERN+RIO)
ALSTON —GARNJOST HAMILTCN+ ( LBL+MTHQ+BNL)
+CHI ANG g KYCI Ag LI g LIT TENBERGg+ ( BNL+RQCH)
+HER TZ BERG ER+( AM ST+C ER N+CRAC+ MP I M+ QXF+ RHE L )
+DERADGg BERTRANDg 8 IS ELLOg BI ZOT g BUQNg+ ( LALD)
+AHRENSgBERKELMANgCASSELgDAYgHARDI NG+(CCRN}
J C ~ KLUYV ER ( AMST)
F RICHARD ( L ALO)
+HASHI MOTO, SAI, YAMAMOTO+ ( TCKY)

DEFOIX 80 NP 8 162 12
ALSG 80 NP 8 162 41

HAMILTON 80 PRL
KAMAE 80 PPL

+DOBRZ YN SKI g ANGE L INI g BI GI g+ ( CDEF+ P ISA )
ESP IGATg DEFO IXg DOBRZ YNSKI gLALOUM+(CDF+P I SA)
+PUN, TRIPP, LAZARUS g NICHCt SON (LBL+BNL+MTHQ )
+A IHARA g CHI BA g F UJ I I g I WA SAKI g+ ( TOKY g HI RO)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹
16 H(2040gJPG=4++) I=O

AP EL 75 AND BLUM 75 ESTABL I SH JP AS 4+ AND I=0 ~

ADDI Tj OiNAL E VI DENCE FOR THE H ME SCN I S REPORTED
IN WAGNER 74.

-100 100
l-l WIDTH ( MlEV )

300

I-}NGELIS 79 OMEG

RDEN 79 OMEG

UM 75 ASPK
EL 75 INTR

500

CHj SQ
2. 4
4. 4
0. 7
0.4
7 ~ 9

( CONI. E V
=D. (j4e)

7 00 2030.
2050.
1935.0
1988.0

(2040. 0)
I =0g J P=4+

M

M

M

M

Mi M

M M

M

M

M

~ ~ ~ ~

A VG 1982.2
STUDENTl 986 ~ 7

16 H MASS (MF V)

30 ~

25 ~

13 ~ 0
7. 0

(10 ~ 0)
FROM AMPLITUDE

~ ~

AP EL 75
BL UM 75
CORO EN 79
EVANGEL I S 79
ROZANSKA 80

ANALYS IS ASSUMING

CNTR 40 PI —P g N 2PI 0
ASPK 18.4 PI —Pg N K+K-
OM EG 1 2- 15P I —P g N 2P I
OMEG 10. P I-P g K+ K — N

SPRK 18.PI —Pg P PB N

ON E P ION EXCHANGE

11/75
11/75
12 /79¹
12/79¹
12/79¹
12/78¹

16 5 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2. 8}
7. 5 AVERAGE USING STUDENT10(H/1. 11} -- SEE MAIN TEXT
( SE E IDEOGRAM BELOW )

Pl
P2

H INTO PI P I
I NTQ K KB AR

16 H PARTIAL DECAY MODES

DECAY MASSES
139+ 139
49 7+ 497

16 H BRANCHING RATIOS

Rl H INTO ( PI PI } /TOTAL (Pl )

Rl 0 17 0 ~ 02 CORD'EN 79 OMEG 12-15PI —P g N 2P I 12/79¹

WAGNER 74 LONDC N CONF
AP EL 75 PL 578 398
BLUiM 75 PL 57B 403

CORDEN 79 NP 8 157 250
EVANGELI 79 NP 8 154 381
ROZANSKA 80 NP 8 162 505

REF ER ENCE S FOR H( 2040 )

F ~ WAGNERg RAPPORTEURS TALK (MPIM )

+AUGENSTE I N+ ( KARL+ PI SA+SE RP+W I EN+C ERN) J P

~CHABAUDg DIETL GAREL ICK GRAYER+ (CERN+MPIM) J P

+DOWELL g GARVF Yg JOBE S g+( 8IRM+RHE L+TE LA+ L CWC ) JP
+ (BAR I+BCNN+CERN+DARE+GLAS+L I VP+MILA+W I EN )

+8 LUM g DIE TLg GRAYER g LORE NZ+ ( MPIM+C E RN }

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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S150 Particle Data Group: Review of particle properties

Me sons
T AND U REGIONS, TO(2160), T1(2190)

Data Card Listings
For notation, see key at front of Listings.

Note on T and U Regions

The observation of broad enhancements at 2190

and 2350 NeV comes f rom pp total cross-section
measurements (ABRANS '67), pp annihilation measure-

ments (ALSPECTOR 73), pp elastic cross-section
measurements (COUPLAND 77), and from pp charge-
exchange cross-section measurements (CUTTS 78).

The comparison of pp and pd total cross sections
(ABRANS 67) suggests I = 1 for the 2190 MeV enhance-

ment, called Tl, whereas I = 0 and I = 1 are both

present in the 2400 NeV mass region, which we call
UO and Ul, respective ly.

Partial-wave analysis of pp annihilation into
7T Tl (CARTER 77) and into TT TT (DULUDE 78) have

shown that resonance s are formed in the TTa annihi-
lation channels in the 2100-2500 NeV mass region
(no statistically significant data are available
outside this mass region). The analysis of MARTIN

+78 whi ch combine s the TT 'lT data of E ISENHANDLER 75

and cARTER 77 and the Tl' 'lT data of DULUDE 78 f inds0 0

P + G +evidence for a J = 2, I = 0 resonance near 2150
P — G +

MeV, called TO, and for a J = 5, I = 1 resonance

near 2450 NeV, which may be too high in mass to be

associated to the Ul bump observed in the pp total
cross section. The TTTT partial-wave analysis gives

PBAR P INTO PI PI OR KB K

(2150 0) APPROX DULUDE 2 78 OS PK
IG~O+ g JP~Z+ FROM PARTIAL W AV E AHPL ITUDE ANALY5 lS

(21 50 ~ 0) APPROX MARTIN 79 RV UE

I=Op JP=Z+ FROM SIMULTANEOUS ANALYSIS OF P PB
WITH THE PARTIAL-WAVE EXPANSION TRUNCATED IN J

1 ~ 2 ~ PB P1PIOPIO 12/78¹

12/79¹
P I-PI+ AND P IO PI 0

PBAR P PRODUCTION EXPERItNENTS
M 2180~0 10.0 ' ROZANSKA 80 SPRK
M 1=0~ JP=2+ FROM AMPLITUDE ANALYSIS ASSUMING ONE P

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE HEANINGLESS (SCALE FACTOR = 1 3)

1 8 PI-P g P PB N I Z/79¹
ION EXCHANGE.

42 TO(2150) WIDTH ( HEV)

W S CHANNEL NBAR N

W I 98 ' 8 ~ ALSPECTOR 73 CNTR
W E I 135 0 75 0 CQUPLAND 77 CNTR
4 E FRGH A F IT TQ THE TOTAL ELASTIC CRCSS SECTION
W I ISGSP INS 0 AND 1 NOT SEPARATED
W

W

W L
W

W P
W P
W P
W

W

W

W

W

W

S CHANNEL PBAR P 1/74
0 7-2. 4PB-P pPB-P

PBAR P PRODUCTION EX PERI MENTS
270 0 10 ~ 0 ROZANSKA 80 SPRK 18 PI-Pg P PB N

M 'I=0 J P=2+ FROM AHPL I TUDE ANALYS I S ASSUHING ONE PION EXCHANGE
~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE HEANINGLESS (SCALE FACTOR =13+4)

12/79¹

AL SP ECTO 73 PRL 30 511

CQUPLAND 77 PL 71 8 460

CUTTS 78 PR D 17 16
DULUDE1 78 PL 79 8 329
DULUDEZ 78 Pt 79 8 335

REFERENCES FGR TO(2150)

ALSP ECTORt COHENS CV IJANOV ICHOR+ (RUTG+UPiNJ )

+EISENHANDLER eGIBSGNiASTBURYe+ (LQQH+RHEL)

+GOO 0 g G RAN NI S g GR E E N g L E E q P I T T MA N+ ( S TON+ W I SC )
+L ANGUS MASS IMGy P EASL EE+ ( 8 ROW+HI 7+8 AR I )
+LANOUg MAS SI MO y PE A SLEE+ ( 8 ROW+HI T+8 ARI )

BGWCQCK 79 PRE P ~ 8 I R HI NG H ~ J ~ E BGWCCICK D ~ C ~ HOGG SGN
MARTIN 79 PL 86 8 93 A ~ 0 ~ HARTINgM ~ R PENNINGTGN

ALSO 80 DURHAM PRE PRI NT A ~ D ~ iHART I Nt M ~ Re PENNINGTQN
ROZANSKA 80 NP 8 162 505 +8 LU H g D I E TL y GRAY ER g LORE NZ+

( 8 IRM)
( DURH )

( DURH),
( MPI M+CERN)

32 Tl(2190' JPG ) 1~1~

THIS ENTRY CONTAINS THE I=1 BUMP OBSERVED IN S-CHANNEL
NBAR N AND THE STRUCTURES FOUND BY AMPLITUDE
ANALYSES OF PBAR P INTO PI PI OR KB K AND
BY THE tNOHENTS ANALYSES OF THE PBAR P SYSTEM
PERIPHERALLY PRODUCED BY INCIDENT PIONS
SEE At SO SeT~U MINI-REVIEWS ~

OMITTED FROM TABLE

PBAR P INTO PI PI OR KB K

( 2 50 ~ 0 ) A P PROX e DULUDE2 78 OSPK 1 ~ -2 ~ PB Py PI DPI 0 12/78¹
IG=O+ y JP=2+ FROM PARTI AL WAV E AMPLITUDE ANALYSIS

( 250 ~ 0) APPROX ~ HA RT I N 79 RV UE 12/79¹
I=Op JP=2+ FROM SIMULTANEOUS ANALYSIS OF P PB --& P I-PI+ AND P I 0 PI 0
WITH THE PARTIAL-WAVE EXPANSION TRUNCATED IN J ~

ambiguous results on the I = 1 component in the T
pregion, favoring however, J = 1, and on both I = 0

and I = 1 components in the U (2350-2450 NeV) mass

region, where resonances with spin three and four

may be present.
Model-dependent partial-wave analyses of the pp

system produced with incident pion beams and relying
on one-pion-exchange mechanisms suggest the presence

of resonances with spin 2, 3, 4, and 5 in the 2100

to 2500 MeV mass region (EVANGELISTA 79, ROZANSKA 79).

32 Tl (2190) MASS (HEV)

M

H 8
H 8
H 8
H I
M E I
M E
M I
H I

M J
M J
H K
M K

M

H

H

M

M

M

S CHANNEL NBAR N

2 l90~, 10 ~ ABRAMS 70 CNTR S CHANNEL PBAR N

SEEN AS BUMP IN 1=1 STATE SEE ALSO COOPER 68 ~

PEASLEE 75 CONFIRM PBAR P RESULTS OF ABRAHS 7CpNO NARROW STRUCTURE
2193 2 ~ ALSPECTDR 73 CNTR S CHANNEL PBAR P
2155+0 15~ 0 CQUPLAND 77 CNTR 0 ~ 7-2+4PB-Pp PB-P

FRQH A FIT TO THE TOTAL ELASTIC CROSS SECTION
( 2190 0) APPROX ~ CUTTS 78 CNTR 97-3 ~ PB PgNB N

ISOSP INS 0 AND 1 NGT SEPARATED

1/73

1/74
12/77

12/78¹

PBAR P PRODUCT ION EXP ERIHENTS
R ( 2110+ 0) APPROX EVANGEL IS 79 OMEG 1 Og 16 P I-P gPB P
R I=lp JP=3- FROM A MASS DEPENDENT PARTIAL WAVE ANALYSI S TAKING
R SCLUT ICN A o

N 2110m 0 10~ 0 ROZANSKA 80 SPRK 18 ~ PI-Pg P PB N

N I=1 JP=3- FROM AMPL ITUDE ANALYSIS ASSUMING ONE PION EXCHANGE
~ ~ ~ 0 ~ S ~ ~ ~

AVERAGE MEANINGLESS ( SCALE FACTOR = 5 ~ 8).

12/79¹

12/79¹

PBAR P I NTO PI PI OR KB K
(2150 ~ 0) CARTER 1 77 CNTR 0 ~ 7 2 ~ 4PB PfPIPI 12/77

I~ 1 ~ JP~3 FROM AMPLITUDE ANAt YS IS ~

(2140e 0) APPROX ~ CARTER 2 78 CNTR 0 ~7 2 ~ 4PB P vK-K+ 12/78¹
I=. Oy 1 ~ JP=3- FROM BARRFLET ZERO'S ANALYSIS e

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹N ¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
42 TO(2150' JPG=2++) I=0

THIS ENTRY CONTAINS THE 1=0 STRUCTURES FOUND BY
AMPLITUDE ANALYSES OF PBAR P INTO PI PI CR KB K AND

BY INOMENTS ANALYSES OF THE PBAR P SYSTEM
PERIPHERALLY PRODUCED BY INC IDENT PIONS ~

WE LIST AL SO THE BUtNP S FOUND IN S-CHANNE L
NBA R N QF UNDEFF INE D ISQSP IN
SEE AL SG S g T ~ U MINI-REVIEWS
OMITTED FROM TABLE

32 Tl (2190) WIDTH ( MEV)

S CH ANNE L NBAR N

8 (85 ABRAMS 67 CNTR
8 SEE NOTE 8 ABOVE ~

I 98 Be ALSPECTOR 73 CNTR
E I 135~ 0 75.0 COUP LAND 77 C N TR
E FROM A F IT TG THE TOTAL ELASTIC CROSS SECT ION ~

I ISOSPINS 0 AND 1 NGT SEPARATED

S CHANNEL PBAR N 7/67

S CHANNE(. PBAR P 1/74.
0 .7-2 4PB-PgPB-P 12/77

J
J

K

K

12/77

12/78¹

PBAR P INTO PI PI OR KB K
(200 0) CARTER 1 77 CNTR 0 ~ 7-2 4PB P pPI PI

I=le JP~3 FRCH AMPLITUDE ANALYSIS ~

150~ 0) APPROX CARTER 2 78 CNTR 0 ~ 7-Ze4PB PyK-K+
I=Op 1 JP=3- FROH BARREL ET ZERO ' S ANALYSI S ~

M I
M E I
M E
M

M I

4Z TO(2150) HASS (tNEV)

S CHANNEl NBAR N

2 193 ~ 2 ~ AL SP EC TOR 73 CN TR
2155 0 15 ~ 0 COUP LAND 77 CNTR

FROiN A F IT TO THE TOTAL ELASTIC CROSS SECT1GN ~

t 2190 ~ 0 ) APPROX CUTT S 78 CN TR
I SGSP INS 0 AND 1 NGT SEPARATED

S CHANNE L PBAR P 1/74
0 7-2 ~ 4P 8-P g PB-P 12/77

.97-3 P 8 P NB N 12/78¹

PBAR P PRODUCT ION EXPERIMENTS
R (330' 0) APPROX' EVANGEL IS 79 QMEG 10 16 P I —P PB P
R I=le JP=3- FROM A MASS DEPENDENT PARTI AL WAVE ANALYSI S TAKING
R SGLUT ION A ~

N 190 0 10~ 0 ROZANSKA 80 SPRK 18 ~ PI-Pg P PB N

N I=1 y JP=3- FROM AMPLITUDE ANALYSI S ASSUMING ONE PION EXCHANGE
~ \ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 7.2)

12/ 79¹

12/79¹
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Particle Data Group: Review of particle properties S151

Data Card Listings
For notation, see key at front of Listings.

Me sons
T1(2190), X(2200), UO(2350)

CS A (5 51
CS. A FOR I=1 NBAR N

CS 2 ~ 3 0 ~ 13

ABRAHiS 70 CNTR S CHANNFL PBAR N 1/71

0 ~ 08 ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74

32 T 1 (2190) PARTIAL DECAY MODES

32 SIGMA (HB) FOR FORMATION 8 Y NUCLEON ANTI NUCLECN 41 UO(2350t JPG= ) I=O

THIS ENTRY CONTAINS THE BROAD I=O BUMP OBSERVED
IN THE S-CHANNEL NBAR N AND THE STRUCTURE FOUND
BY AMPLITUDE ANALYSE S GF PBAR P I NTO PI PI OR KB K

AND BY AMPLITUDE ANALYSES OF PBAR P SYSTEMS
PERIPHERALLY PRODUCED BY INC IDENT PIOUS.
SEE ALSO St TtU HI NI-REVIEWS
OH ITTED, FRCM TABLE.

P1
P2

T INTO PBAR P
T INTO PI P I

DECAY MASSES
938+ 938
139+ 139

41 UO (23501 MASS

BACON 71 NP 8 32 66
F I ELDS 71 PRL 27 1749
YQH 71 PRL 26 922

AL EXANDE 72 NP 8 45 29
BUGG 72 PR D 6 3047
CLAYTON 72 NP 8 47 81
DCNALD 72 PL 40 8 586

AL SP ECTO
BACON
BETT INI
BQWFN
HI NG MA

N ICHGLSG

73 PRL 30 511'
73 PR D 7 577
73 NC 15 A 563
73 PRL 30 332
73 NP 8 51 77
73 PR D 7 2572

AB RAHiS 67 PRL 18 1209
COOPER 68 PRL 20 1059
BRICHAN 69 PL 29 8 451
ABRAHS 70 PR D 1 1917

REFERENCES FOR Tl (2190)

+COOLt GIACOHELLI t KYCIA ~ LEGNTIC tLjt+ ( BNL)
+HY MAN t HANNERt MUSG RAV Et VQY VODI C ( ANL )
+FERRO-I UZZI t BI ZARDt+ (CE RN+CAEN+ S ACL)
+COOLt GI ACGHELL It KYC IAt LEQNT IC t L I, + ( BNL 1

+BUTT ERWORTHt MILLERt PHE LANt+ {RHEL+L I VP )
+COOP ERt RHINESt ALL IS CN (ANL+GXF )
+BAR I SHt CARGLL t LOBKOVI C Z+ ( CI T+BNL+RCCH)

ALEXANDER, BAR-NI Rt BEVARY t DAGAN t+ (T ELA )
+CQNDGt HARTt CGHNt ENDORF t+ (TENN+ORNL+C INC)
+HASONtMUI RHEADt RIGGPOULGSt + (L IVP+PATR )
+GALLETL Y t EDWARDS t DE 8 ILLY t+ (LI VP+ LPNP)

A{ SPECTORtCOHENtCVI JANOVICHt+ (RUTG+UPNJ)
+BUTT ERWORTHt (RHEL+L I VP )
+GARBI JGST t 8 I GI t+ ( PAGO+I BL+P IS A+TOR I 1

+EARLE StF A I SSLER t BLI EDE Nt+ ( NEA S+ S TON)
+EASTMAN tGHt PARKERt S MIT Ht S PRAFKA (MSU)
N ICHOL SGNt DE I QRHE t CA RRQI L t+ ( CI T~ROCH+BNL 1

PBAR P P RCl DUCT IQN EXP ER IMENT S
R ( 2260 0) APPROX ~ EVANGELIS 79
R I=OtJP=4+ FROM A MASS DEPENDENT PARTIAL WA

R SOLUT ION A ~

M 2380. 0 10m 0 RQZANSKA 80
M I=Ot J P=4+ FROM AMPL ITU0'E ANALYS IS ASSUHING

~ 0 ~ ~ ~ r ~ t ~

AVERACE HEANINGL'ESS {SCALE FACTOR = 1 ~ 0)

M 2375 ~ 10 ABRAHS 70
M I {2359.) (2. ) ALSPECTGR 73
H EI (2345) ( 15 0) COUP LAND 77
M E FROM A FIT TQ THE TOTAL ELASTIC CROSS SECT

I ( 2380 ~ 0) APPROX ~ CUTTS 78
M I ISOSP INS 0 AND 1 NGT SEPARATED
H

M PBAR P INTO PI P I OR KB K

M J (2310 ' 0) CART ER 1 77
H J I=Ot JP=4+ FROM AMPLI TUDE ANALYSI S
M K {2340~ 0) APPROX CARTER 2 78
H K I=Ot JP=4+ FRCM BARRELET ZERO'S ANALYSIS
M

M

M

M

M

M

M

CNTR
CNTR
CNTR

ION
CBIT R

S CHANNEL NBAR N 1/71-
S CHANNEL PBAR P 1/74

0 ~ 7-2.4PB-PtPB-P 12/77

~ 97-3 ~ P 8 P t N 8 N 12/78¹

QHEG 10t 16 P I —P tP8 P
VE ANAL. YSI S TA KI NG

SPRK 18~PI-Pt P PB N

ONE PION EXCHANGE

12/79¹

12/79¹

CN TR 0 ~ 7 2 ~ tPB P tPI PI 12/77

CN TR 0 ~ 7—2.4PB P t K-K+ 12/78¹

BERTANZA 74 NC 23A 209
HYAHiS 74 NP 8 73 202

+8 IG I t CA SALI t LARI CCI A t+
+JGNESt WEILHAMMERt BLUHt+

(PI SA+PADQ+TGRI)
(CERN+MPIM)

41 UO(2350) WIDTH

CARTE R 1 77
CART ER 2 77
CARTER 3 77
CGUPLAND 77
JO NES 77
MCNTANE T 77

PL 67 8 117
PL 67 8 122
NP 8 127 202
PL 71 8 460
NP 8 119 476

BOSTGN CONF .
CARTER 1 78 NP 8 132 176
CARTER 2 78 NP 8 141 467
CUTTS 78 PR D 17 16
DULUDEl 78 PL 79 8 329
DULUDE2 78 PL 79 8 335

DGNNAcHI 75 Nc 2e A 317
EI SENHAN 75 NP 8 96 109
HANDLER 75 NP 8101 35
HUESHAN 75 NC 25A 91
PEASLEE 75 PL 578 189

GAY 76 NC 31 A 593
ZEMANY 76 NP 8 103 537

A ~ DGNNACHIEtP ~ R ~ THOMAS ( MA NCHE S TE R )
EISENHANOLERt GIBSGNt+ {LGQM+LIVP+DARE+RHEL )
+JACQUE St JGNE St PANDQULASt+ ( RUTG+STF V+ALBA 1

+GARNJQSTt RGSSt+ (LBL+PADO+P ISA+TGRI )
+DEHARZOtGUERRIERGt+ (CANB+BARI+BROW+MIT )

+J EANNERET t BGGDANSK I t +( NEUC+LA US+L I VP+L PNP )
+HING MA t HGUNT7 t SMITH (MSU}

+COUPLANDt E I SENHANDLERt AST BURY t+(LOQH+RHEL )
A iA ~ CARTER ( LCQH}
+COUPLANDt ATK INSONt ARN I SGBI+( LOQM+DARE+RHEL)
+EI SENHANDLERtGI BSCN t ASTBURY t+ \ LCQH+RHEL )
H ~ D ~ JONES tR ~ J ~ PLANG ( RUTG)

. L. MGNTANET (CERN )

JP
JP

Ae A CART ER ( LCQH) JP
A A ~ CARTER ( LCQH)
+GOO D, GRANN I S GR E E BI LE E,PI TTMA N+ ( STGN+ W I SC )
+LANOU MASSIMG PEASLEE+ (BRQW+MIT+BARI )
+LANGUt MASSI HGtPEASLEE+ (BROW+MIT+BARI )

R
R
R
M

H

W

W I
W EI
W E
W I
W

W

W J
W J
W K

K
W

W

W

W

W

W

PBAR P INTO PI PI OR KB K

I=Ot JP=4+ FROM AHPL ITUDE ANALYSIS
( 210 0} CART ER 1 77
( 150 0) APPROX CARTER 2 78

I=OtJP=4+ FRCM BARRELET ZEROS ANALYS IS

PBAR P PRQCUCT IQN EXPERIMENTS
{440. 0) A PPRQX EVANGE{ IS 79

I=Ot JP=4+ FROM A MASS DEPENDENT PARTI AI WA

SOLUT ION A

380 0 20 0 RGZANSKA 80
I=Ot JP=4+ FROM AHPL ITUDE ANALYSI S ASSUMING

CNTR 0 7—2 4PB PtPIPI
CNTR 0 .7-2 4PB P tK-K+

OMEG 10t 16 PI-PtPB P
VE ANALYSI S TA KI BIG

SPRK 18.PI-Pt P PB N

GNE P I ON E XCHANGE

12/77
12/78¹

12/ 79¹

12/79¹

41 UO (2350) S IGHA {MB] FOR FORMATION EX PER IMENT S

(190 ' ) ABRAMS 70 CNTR S CHANNEL NBAR N 1/71
( 165 ) ( 18 ] (8 ) AL SPECTGR 73 CNTR S CHANBIEL PBAR P 1/74
( 135 0) (150 0] (65 ~ 0) CGUPLAND 77 CNTR 0 i 7—2 4PB-P tPB-P 12/77

FRGM A F IT TG THE TOTAL ELASTIC CROSS SECT IGN ~

ISQSPINS 0 AND 1 NQT SEPARATED

EVANGEL I 79 NP 8 153 253 + ( BAR I+BCNN+CERN+DARE+GLAS+LI VP+MILA+W I EN)

MART IN 79 PL 86 8 93 A ~ D. HiART INt H R ~ PENNINGTON {DURH)

ALSO 80 DURHAM PREPRINT Ae D ~ MARTI Nt M ~ R ~ PENNINGTGN (DURH)
RGZANSKA 80 NP 8 162 505 +BLUM t DI ETLt GRAYER, LORE NZ+ ( HP I M+C ERBI )

¹¹¹tt¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

CS (2 5) ABRAMS 70 CNTR 1/71
CS (2 1} (0.2} (0 1) ALSPECTQR 73 CNTR S CHANNEL PBAR P 1/74
CS I I SGSP INS 0 AND 1 NGT SEPARATED

41 UO PARTIAL DECAY MODES

44 X(2200 t JPG= ) I=

S E EN IN K+t K- HASS SPECTRUM FRQt{ P I- P I NTERAC Tl GNS
AT 10 GE V ( E VANGELI STA 791 NEE DS CONF IRMAT ION ~

J OMITTED FROM TABLE ~

DECAY MASS ES
Pl U INTO PBAR P 93 8+ 938
P2 U I NTQ PI PI 139+ 139

REFE RENCES FOR UO( Z350)

2210 ~ 0

X( 2200) MA SS ( ME V)

79.0 21 ~ 0 EVANGEL I S 79 QHEG 10 P I-P K+ K- N 12/79¹

BR I CHAN
ABRAMS
EA STMAN
MI NG MA

ALSPECTQ
NICHOLSG

69 PL 29 8 451
70 PR D 1 1917
72 NP 8 51 2&
72 NP 8 51 77
73 PRL 30 511
73 PR 0 7 2572

+F ERRG-LU ZZI t BI ZARDt + {C E RN+C AE N+S ACL 1

+COOL t GIACOMELLI t KYC IA t LEONTIC tLI t+ ( BNL}
+MING MA ~ OHt PARKERtSMITHtSPRAFKA {MSU)
+EASTMAN tOHt PARKER tSMITHt SPRAF KA (1,SU)
ALSPECTGRt CGHENt CVI JANOVICHt+ (RUTG+UPNJ)
NICHQLSGNt DELORME, CARROLL, + (CIT+RQCH+ BNI )

44 X(2200) WIDTH~{HEV)

(203.0) APPROX EVANGELI S 79 CIHEG 10. PI-P tK+ K- N 12/79¹
HYAMS
HI NG MA

74 NP 8 73 202
74 NP B68 214

+J ONES t WE ILHAMMER t BLUM t +
+MOUNT Z t ZE MANY t SH I TH

( CERN+MPIM )
( MICH }

Pl
P2

44 X ( 2200 } PARTI AL DECAY MODES

X(2200) INTO PI+ PI—
X (2200 } I NTO K+ K-

DEC AY MA SSE S
139+ 139
493+ 493

IX'NNACHI 75 NC 26 A, 317
EISENHAN 75 NP 8 96 109

CARTER 1 77 PL 67 8 117
CARTER 2 77 PL 67 8 122
CARTER 3 77 NP 8 -127 Z02
CGUPLAND 77 PL 71 8 460
HGNTANET 77 BG STGN CONF ~

A ~ DQNNACHIEtP. R THOMAS (HANCHES T ER )
E ISENHANDLERt GIBSONt+ ( LGQH+LI VP+DARF+RHEL)

+CGUPLAND E I SENHANDL ER ASTBURY +( L CQM+ RHEL )
A ~ A CART ER (LGQM}
+COUP L AND t ATK IN SON t A RNI SON+ (LQQM+ DARE+RHEL )
+EISENHANDLERt GIBSON r ASTBURYt+ (LQQH+RHEI-)
L. HGNTANET ( CERN )

JP
JP

Rj,
Rl

44 X( 2200) BRANCHING RATI GS

X{2200) INTO ( K+ K- )/TOTAL
SEEN CVANGELI

(P2)
79 GHEG 0 10 PI — P t K+ K- 12/79¹

CARTER 1 78 NP B 132 176
CART ER 2 78 NP 8 141 467
CUTTS 78 PR D 17 16
DULUDE1 78 PL 79 8 329
CULUDE2 78 PL 79 8 335

A A ~ CARTER (LGQM) JP
A ~ A CARTER ( LGQH)
+GGODt GRANNISt GR EENt LEE t P ITTMAN+( STGN+ W I SC)
+LANOU t HAS SI MGt PEASLEE+ (BRGW+MIT+BARI )

+LANOUtMASSIMGtPEA SLEE+ (8 RGW+MI 7+BbRI )

REFERENCE S FOR X(2200)

EVANGEL I 79 NP 8 i 54 3 81 + {BAR I+BONN+CERN+DARE+ GLAS+L I VP+HIL A+W IEN )

BGWCGCK 79 PREP ~ 8 IRHINGH.
EVANGELI 79 NP 8 153 Z53
MARTIN 79 PL 86 8 93

ALSO 80 DURHAM PREP R INT
ROZANSKA 80 NP 8 162 505

J E BOWCQC Kt D C HODG SGN ( 8 IRM)
+ ( 8 AR I+8GNN+C ERN+0 ARE+ GLA S+ L I VP+M I LA+ W I E N)
A D MARTI Nt M R ~ PENNI NGTON ( OURH)
A D HARTINtH R PENNINGTGBI {DURH)
+BLUMt DIETLt GRAY ERt LORENZ+ ( MP I

M+CERN�)

1
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Particle Data Group: Review of particle properties

Meso ns
U1(2400), NN(1400 —3600)

»ta Card Listings
For notation, see key at front of Listings.

33 Ul(2400' JPG= ) I=1

iTHI S E NTRY CQNTAI NS THE BROAD I= 1 BUMP 0 BS ERVED
IN THF S-CHANNEL NE'AR N ANO THE STRUCTUR E FOUND
BY AMPLITUDE ANALYSES OF PBAR P INTO PI PI OR KB K

AND BY AMPLITUDE ANALYSES OF PBAR P SYSTEMS
P ERIPHERALLY PRODUCED BY INC IDENT PIONS ~

SEE ALSO Se TpU MINI —REVIEWS
OMITTED FROM TABLE. NN(1400 —3600) 51 NBAR N(1400-3600 }

MART IN 80 DURHAM PREP R I NT A ~ 0 ~ t'1AR TI Ne M ~ R ~ PENN I NGTON
RQZANSKA 80 NP 8 162 505 +BLUMp DIETLy GRAYER' LORENZ+

( DURH)
( MP IM+C ERN)

33 Ul (2400 ) MASS ( ME V)

M

M A

M A

M hl

N

N

M I
M EI
M E
M I
M I
M

M

M

M

M

M

M

M

M

M

M

M

M

M

h1

1/73

1/73

1/74
12/77

12/784

C P I PI QR KB KPBAR P INT
J (2480. 0)
J I= 1 g J P=5-

K ( 2500. 0)
K I=Or 1 ~ JP=5
P (2450 ~ 0)
P I=lg JP=5-
P HITH THE P

R (2350. 0)
R I=lg JP=3-
R P IO & I 0 WI

0 ~ 7 —2.4PB PpPIPI 12/77

0 7-2 ' 4PB PgK —K+ 12/78+

12/79+
PI —PI+ AND P IO P I 0

I/80~

CART ER 1 77 CNTR
FROM AMPL ITUDE ANALYSIS

APPROX. CART ER 2 78 CNTR
F ROMi BARRELET Z ERG ' S ANALYSI 5
A PPRQX ~ MART IN 79 RV UE

FROM SIMiULTAiNEOUS ANALYSIS OF P PB
ART I AL —WAVE EXPANSION TRUNCATED IN J ~

APPROX' MART I N 80 RV UE
ANO 5- FROM SIMULTANEOUS ANALYSI S OF P
TH THE PARTI AL —W AV E EXPANS ION TRUhlCATED

PB —-& PI —PI+ ANO
IN L.

P BAR P PRO CUCT ION EX P ER IMENT5
M 2450. 0 10.0 RQZANS KA 80 S P RK
M I=1 p J P=5- FROiM AMPLITUDE ANALYSI S ASSUMI NG ONE PI

~ ~ ~ e e ~ ~ e ~

AVERAGE MEANINGLESS (SCALE FACTOR = 7 ~ 1)

12/79418 ~ PI —P, P PB N

ON EXCHANGE

33 Ul (2400 ) WIDTH (MEV)

S CHANNEL NBAR N

23 50 10. ABRAMS 70 CNTR
FOR I=. l NBAR N

(2360. 0) (25.0) QH 70 HDBC -OPBAR(PgN) g K&KZ PI
NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71
hlARRCW STATE NOT CONF I RMED BY OH 73 HI TH MORE DAT A ~

(Z359. ) (2. ) ALSPECTQR 73 CNTR S CHANNEL PBAR P
(2345 ~ 0) ( 15 0 ) COUPLAND 77 CNTR 0 .7-2. 4PB—P g PB-P

FROtl A F I T TQ THE TOTAL ELASTI C CRClSS SECT IQN
(2380.0) APPROX. CUTTS 78 CNTR

I SOSPINS 0 AND 1 NOT SEPARATED

THIS ENTRY CQNTA INS VAR IQU S HIGH
HIGH MAS5g NON-STRAhlGE STRUCTURES
COUPLED TQ THE BARYON-ANTI BARYON
SYSTEM AS HELL AS QUASI-NUCLEAR
BOUND STATES B ELOW THRE SHOLD

SEE ALSO 5 y T g U DATA CARD L IST INGS AND MINI REV I EW 5
EVIDENCE FOR STRUCTURES COUPLED TQ THE ANTI-HYPERON
NUCLEON (QR C.C ) SYSTEMi I S L I STEO UNDER K+( 2200) .
OMI TTF 0 F RCIM TAB LE

51 NBAR N(1400-3600) MASSES AND WIDTHS (MEV)

M H G (1395~ )

Mi H G (1646 )

M H G (1684 ~ )

PAVLOPOUL 78 CNTR STOPP ED PBARS

PAVLOPOUL 78 CNTR STOPPED PBARS

PAVLQPOUL 78 CNTR STOPPED PBARS

H

G

G

OBSERVED WIDTHS CONSISTENT WITH EXPERIMENTAL RESQ{ UTICN
THEY LOOK ED FOR R ADIAT I V E T BANS IT IONS TQ BOUND P P BAR STATE S g

MQiVO-ENERGETIC GAMMA RAYS DETECTED.

M D (1794 5) (1 4) GRAY
W D (8 ~ } OR L ESS CL= ~ 95 GRAY

D DECAY S TO FCIUR OR MORE P I ONS g I =1.
71 DBC — 0 PBAR D

71 OBC — O. PBAR D

M Z (1897~ ) ' (1 ) KALQGERO 75 DBC — P BAR N ANNIH
Z (25 ) (6. ) KALOGERO 75 DBC — P BAR N ANN IH
Z NQT SFEN BY ALBERI 79 WITH COMPARABLE STATISTICS ~

8 (1897.0) ( 17 0) ABASHIAN 76 STRC BPI —P eP 3PI
H 8 (110.0) (82 ~ 0} A3ASHI AN 76 ST RC BP I —P e P 3P I

8 PRODUCED BACKWARDS.

1/78

1 /78

1/78

1/72
1 /72

12/75
12/75

12/77
12/77

1/7 3
11/71

W

W N

W

W N

I
W cI
W E

I
W

W PBAR P I NTQ P I P I OR KB K

W J ( 210 ~ 0) CART ER 1 77
H' J I=1 g JP=5 — FROM Ah1PL ITUDE ANA). .YSI S
W K ( 150.0) APPROX CART ER 2 78
W K 1=Op 1 ~ JP=5- FROMi BARRELET ZERO' 5 ANALYSI S.
W P ( 300 ~ 0) APPROX MART IN 79
W P I=1 g JP=5- FROM SI MUI TANEOUS ANALYSIS OF P

P WITH THE PART IAL-WAVE SERIES TRUNCATED IN
H R ( 200 0) APPROX ~ MART IN 80
W R I=I e JP=3- AND 5- FROM SIMULTANEOUS ANALYSI

R P I 0 P I 0 W I TH T HE P ART I AL —WAV E EXP AiVS I ON TR

W

w M

W M

1 /74
12/77

CNTR 0 .7-2.4PB PgP I PI 12/77

CNTR 0 7-Z. 4PB P eK-K+ 12/78+

12 /79+RV iJE
PB —& PI —PI+ AND P IO P IO
J ~

RVUE
S OF P PB —& PI —PI+ AND
UNC ATED I N L.

1/80+

PBAR P PRODUCTION EXP ER IMF NTS
280 ' 0 20 0 ROZANSKA 80

I=1 JP=5- FROM AMPLITUDE ANALYSIS ASSUMING
12/794SPRK 18 ~ P I —P y P PB N

ONE PI QN EXCHANGE

S CHANNEL NBAR N

( 140 ~ ) ABRAh15 67 CNTR S CHANNEL PBAR N

(60.0) OR LESS QH 70 HDBC -OP BAR( Pg N) p K+KZ PI
NO E V IOENCE FOR THIS BUh1P SEEN IN THE PBAR P DATA OF CHAPMAN 71
NARROW STATE NOT CONFIRMED BY OH 73 WI TH MORF DATA

(165. ) (18.) (8. ) ALSPECTOR 73 CNTR S CHANNEL PBAR P
( 135~ 0} ( 150 ~ 0) (65 ~ 0) CQUPLAND 77 CNTR 0 7-2 4PB—PgPB —P

FROM A FIT TQ THE TOTAL ELASTIC CROSS SECTION.
I SOS PINS 0 AND 1 NCT S EPARAT ED

M C
H C

C

( 1930 )'(9. )
SEE 5 (1935 ) ABOVE

I 1949 ~ 10 ~

W I 80. 20 '
I ISOSP IN = 1 FAVOURED

DEFQIX 80 HBC 0 0—1 2 PB P ~ 5 PI 12/79&
DEFQIX 80 HBC 0 0-1.2 PB Pg5 PI 12/79~

153 ( 2 020 ~ 0).
153 (24 ~ 0)

( 3.0)
(12 ~ 0 )

BENKHEI RI 77 OMEG 0 9y12PI —Pg PPPBPI — 12/77
8 ENKHE I R I 77 OMEG 0 9 12P I —P PPPB PI — 12/77

M T (2020. 0) APPROX. EVANGELI 5 79 OMEG 10plb PI-PgPB P
W (160 0) APPROX. EVANGEl IS 79 OMEG 10 16 PI —P PB P
M T I=Op J P=Z+ FROM A MASS DE PEiNDENT PARTI AL WAVF ANALYS I S TAKI NG
f1 T SQLUT ION A ~

12/790
12/79&

M K (2190.0) KALB FLEI S 69 HBC 0 S-CHANNEL PBARP
K 8 ETWE EN 20 AND 80 MEV KALBFLEI S 69 HBC 0 S-CHANNEL PBARP
K SEEN IN PBAR P TQ RHOO RHOO PIO IG=1—.
K NCIT 5 EEN BY BACON 73, NOiR BY Z EMAN 76

7/69
7/69

M E (2200. )
W E (150 ' )

E SEE T0(2150) AND Tl(2190) ABOVE

M R ( 1920 ~ 0) APPROX ~ EVANGELIS 79 OMEG 10g16 PI —PgPB P 12/79+
W (190.0 ) APPROX . EVANGEL I S 79 OMEG 10' 16 PI —P ePB P 12/79&
M R I=1 JP=1— FROM A MASS DEPENDENT PARTIAL WAVE ANALYSI S TAKING
M R SQLUT ION A ~

33 SI GMA ( MiB ) FOR FORMATI C N BY NUCLEOhl ANT I NUCLECN 58(2204. 0) (5.0 )
58 ( 16 ~ ) QR LESS

BENKHEIR I 77 OMEG — 9 12P I —P PPPBPI —~ 12/77
BENKHEIRI 77 QMEG — 9 glZP I —Pg PPPBP I — 12/77

CS A ( 3 ~ 2) ABRAMS 70 CNTR 5 CHANNEL NBAR N 1/71
CS A FOR I=1 NBAR
CS I (2 ~ 1 ) (0.2 ) (0. 1 } ALSP ECTOR 73 CNTR S CHANNEL PBAR P 1/74
CS I I SOSPINS 0 AND 1 NQT SEPARATED

M A (2207 ) (13 ~ ) ALLES-BOR 67 HBC 0 5.7 PBAR P
A (62 ~ ) ( 52 ALLFS-BOR 67 HBC 0 5 7 PBAR P
A ALLE S-BORE( LI 67 5 EE NEUTRAL MODE ONLY ( P I+P I —PI 0 )

12/66
12/66

REF ERcNCES FOR Ul ( 2400)

M S (2141.) DONALD 73 HBC 0 S CHANNEL PBAR P
W 5 {14 ) DONALD 73 HBC 0 5 CHANNEL PBAR P

S SEEN IN F INAL STATE (OMEGA P I+ P I- )

1/74
1/74

ABRAMS 67 PRL 18 1209
BRIC MAN 69 PL 29 8 451
CASQ 69 LNC 3 707
ABRAMS 70 PR D 1 1917
OH 70 PRL 24 1257

+COOL g GIACOMEl L I g KYC IAp LEONTI C gLI ii+ ( BNL)
+F ERRO —LUZZI g BI ZARDg + ( C E Rhl+CAEN+ 5ACL )
+CONTE, BENZ, + {GE NQ+DESY+HAMB+MILA+SACL)
+COOLp GIACOMELL Ig KYC IAg LEONTIC yLI g+ ( BNL)
+PARKER, EASTMAN~SMITH, S PRAF KAg MA (MiSU )

M U (2360. )
U ( 200. )

M

W

U (2375 ~ )
U (200. )
U SEE Ul(2350) ANO UO(2375) ABOVE

CHAPMAN 71 PR D4 1275
FI ELDS 71 PRL 27 1749
YGH 71 P RL 26 922

+GREEN gLY S gMURPHY g R I NGg +
+C OD P E R g RH I NE S g A L L I S Gh!
+BAR ISHy CAROLL p LOBKOV IC Z+

(MICH)
(ANL+CXF )

( CI T+ BNL+RCCH )

M M (2450 0) ( 10 0) ROZANSKA 80 SPRK 18ePI —Pg P PB N

W M (280 ' 0) (20 ' 0} ROZANSKA 80 SPRK 18.PI-PgP PB N

M I = lg JP=5- FROM AMPLITUDE ANAl YSI S ASSUMING QNE PIOhl EXCHANGE

I/804
12/80'4

EAST MiAN 72 NP 8 51 29
MI NG MA 72 NP 8 5' 77

AL SPECTO 73 PRL 30 511
BOHE N 73 P RL 30 332
DCNiVACHI 73 LNC 7 285
QH 73 NP 8 51 57
NICHOLSO 73 PR D 7 2572

+MING h1A gQHg PARKER g SMI TH g SPRAF KA

+EASTMAN' OHgPARK ER ASM ITHgSPRAFKA
( h'SU)
( flSU)

ALSP ECTORyCGHENq CVI JANOVICHg+ (RUTG+UPNJ)
+EARI ESgFA ISSLERs BLI EDEN&+ (NEAS+STON )
A DONNACHIE gP R. THOMAS ( MANCHE Sl ER)
+EASTMANgMING MAg PARKERgSMITHg+ ( MSU)
NICHOLSQN e DELORME e CARROLL, + ( CI T~ROCH+ BNL )

K (2 500. 0) APPROX ~ CARTER 78 Chl TR 0 7-2 ~ 4PB
K (150e0) APPROX. CART ER 78 CNTR 0 7—2 ~ 4P B
K I=Oe I.JP=5- FROM BARRELET ZERO' S ANALYSIS ~

P eK—K+
P yK-K+

M J (2480 ~ 0) (30 e0 ) CART ER 77 CNTR 0 7—2 4PB P gPIPI
H J (210 ~ 0} (25 0) CARTER 77 CNTR 0 .7—2 ~ 4PB Pg PI PI

J I=1 g JP=5- FROM AMPLITUDE ANALYS IS OF PABAR P INTO PI P I ~

12/77
12/77

12/784
12/784

HYAMiS 74 NP 8 73 202
MING MA 74 hlP 868 214

DCNNACHI. 75 hlC 26 A 317
EISENHAN 75 NP 8 96 109

+ JONES p WE I LHAMME Rp BLUMe+
+MOUNT Z g ZE MANY e SMI TH

(CERN+MPIM )
( MICH)

A. OQNNACHIE ~ P R ~ THCMA S (MANCHESTER)
E I SENHANDL ER, G IB SON g+ ( LOQM+LI VP+DARE+ RHE L )

(2710. 0)
( 170 0)

{20 0)
( 40.0)

RQZANSKA 80 S PRK
ROZANSKA 80 5PRK

76 DBC
76 DBC

M V (2850. 0) ( 5 BRAUN
W V (39 ~ ) OR LESS BRAUN

V DECAYS TQ NBAR N AND NBAR N PI

18 ~ PI-Pg P PB N

18~ PI-Pp P PB N

12/79~
12/79&

5 5PBAR Dg N NBP+ 12/77
5 ~ 5PBAR 0 g N NBP+ 12/77

CARTER 1 77 PL 67 8 117
CARTER 2 77 PL 67 8 122
CARTER 3 77 NP B 127 202
COUPLAND 77 PL 71 8 460
MCNTANET 77 BOSTON CCNF.

+COUP LAND g E I SENHANDL FR g ASTBURY g+ (LOQM+RHEL )
A ~ A ~ CART ER ( LOQM)
+CGUPL AND g AT KI NSCNg ARNI SON+ (LOQM+DAR E+RHEL )

+E IS ENHANDLERe GI B SON gAS TBURYg+ ( LQQM+RHEl )
L MONT ANET (CERN )

JP
JP M H

W

H

W

(3080. ) (20 )
( 220 ) (70 ~ )

DECAYS TO 3P I+ 3P I—
hlOT SEEN BY KALELKAR

ALEXANDER 72 HBC 0 6.94 PBAR P
ALEXANDE R 72 H BC 0 6.94 PBAR P

75 WITH 1.5 TIMES MORE DATA

1/73
1/73

BALTAY 78 PR 0 17 62
CARTER 1 78 NP 8 132 176
CARTER 2 78 NP 8 141 467
CUTTS 78 PR 0 17 16

BQWCGCK 79 PREP. 8 IRMINGH
EVAf' GEL I 79 NP 8 1 53 253
MART IN 79 PL 86 8 93

+CAUT I 5y COHENS CSORN Ap SM 1TH' YE H y+(COLU+8 I NG )
A. A CARTER (LGQM) JP
A A ~ CARTER (LGQM)
+CODD g GRANNI S e GREE Ne L EE g

PIT

TMAN+�(STON+H

ISC )

J ~ E ~ BQWCOCKy D ~ C. HODGSON ( 8IRM }
+ ( BAR I+BONN+CERN+DARE+GLAS+L I VP+MILA+W I EN )
A. DE MARTINgM RE PENNINGTON ( DURH)

M X (3370 ) ( 10 )
H X ( 150~ ) (40 ~ )

X DECAYS I 0 4P I+ 4P I-
M Y ( 3390 ~ } ( 20 ~ )

Y ( 220 ~ ) ( ), 00 ~ )
Y DECA Y 5 TO 3PI+ 3P I—
Y NOT 5 EEN BY KAL ELK AR

ALEXANDER 72 HBC 0 6.94 PBAR P
AL EXANDE R 72 HBC 0 6 e94 PBA R P

ALEXANDER 72 HBC 0 6 94 PBAR P
AL EXANDER 72 HBC 0 6 94 PBAR P

75 WITH 1 ~ 5 T IMES MQR E DATA

1/73
1/73

1/73
1/73
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Mesons
X(1900—3600), e+e-(1100—3100)

Z ( 3600 ~ ) {20. )
Z ( 140 ~ ) (20 ~ )
Z DECA YS TO 4PI+ 4PI—

ALEXANDER 72 HBC 0 6 ~ 94 PBAR P
ALEXANDER 72 HBC 0 6 94 PBAR P

1/73
1/73

550{2620, )

550 ( 85. )
(20 )
(30.}

BAUD
BAUD

69 HMS — 8 ~ —10~ PI — P
69 NM S — 8 ~ —10~ P I — P

(2500 ~ 0) (32.0 ) ANDERSON 69 MNS — 16 PI- Pr BACKW9
l 87. 0) ANCE RSON 69 MM S — 16 P I- P r BACKW9

8/69
8/69

9/69
9/69

ALLES-BG
KA LBFLE I
AL EXANDE
KA LBFLE I
GRAY
AL EXANDE
BQGOANQV

67 NC 50 A 776
69 PL 29 B 259
70 PRL 25 63
70 PHIL AG ~ CONF ~ P ~ 409
71 P RL 26 1491
72 NP 8 45 29
72 PRL ?8 1418

REFERENCES FOR NBAR N( 1400-3600)

ALL E S-BORE LL I rFRFNCHr FR I SK r+ (CERN+ BGNNl G=-
G KALBFL EISCHr Re STRANDr V+VAIVDERBURG ( BNL)
+BAR-NIR DAGAN GIDAL GRUNHAUS+ (TEL-AVIV )
G KALBFLE ISCH AND D MILLER REVUE S (BNLl

+HAGFRT r KALCGERQPOUl GS ( SYRA )
ALEXANDE Rr BAR-NI Rr BEVARY, DAGAN r+ (TELA )
BOGDANOVAr DALKARQVr SHAP IRG ( ITEP)

M

W

640 (2 800 ~ )
640 ( 46. }

(20 ~ )
(10 )

BAUD
BAUD

69 MMS
69 MMS

8 ~ —10. P I — P
8.-10. P I- P

M C 15 (2820 ~ ) (10 ) SABAU 71 HBC + 8 PI+ P
W C 15 (50 ~ ) (10~ ) SABA U 71 HBC + 8 . PI+ P

C SEEN IN (K KBAR PI PI)+ MASS DISTRIBUTION

( 2676 ~ 0) ( 27. 0) CASC 70 HBC — 1 loZP I- Pr NOTE C
( 150 0) CASC . 70 HBC — 11~ 2PI — P r NOTE C

C SEEN IN RHO- PI+ P I — (OMEGA AND ETA ANTISEL ECTED IN 4 PI SYSTEH)

'5/70
5/70

9/69
9/69

11/71
11/71

DONALD 73 NP 8 61 333
GRAY 73 PRL 30 1091
NICHQLSQ 73 PR D 7 2572

+EDWARDS r GIBB INS r BRI AND rDUBOC r+ ( LI VP+LPNP }
+PAPADGPOULQUr KARAGEROPQULOSr+ (ATEN+SYRA)
NICHOL SQN OE LCRME CARROLL + ( C IT+ ROCH+BNL )

230(Z880 )
230 ( 15. )

(20 ~ )
OR LESS

BAUD
BAUD

e9 MM S — 8.-10. P I — P
69 HNS — 8.—10. P I- P

9'/6 9
9/69

HYA)1S 74 NP 8 73 202

DGNNACHI 75 NC 26 A 317
EI SENHAN 75 NP B 96 109
KALQGFP G 75 PRL 34 1047

ABASHIAN 76 PR D 13 5
BRAUN 76 PI 8 60 481

BEtJKHEIR 77 PL B 68 483
CARTER 77 PL 67 8 117
EVANGEL I 77 PL 8 72 139

+ JQNE S r WE I LHAMME R r BLU Mr + (CERN+MPIH )

A DGNNACHI Er P R THOMAS (MANCHESTER)
EI SENHANDLER, GIBSON + (LGQM+LI VP+DARE+RHEL I
KALOGEROPOULOS r TZANA KOS ( SYRA]

+WAT SON r GE I F AND r BUTT

RAM+�(

I LL+ANL+CHI C+ I CWA)
+BRI CKr FR IDHANr GERBERr J UILLOTr MAURER+( STRB)

B ENK HE I R I r BOUC Ri3 Tr + ( C E RN+C D E F+ E P D L+ LA LG)
+COUPLANDr E IS ENHANDL ER AS I BURY ~ + (LOQM+RhEL ) J P
E VANGE L I STA+ ( BAR I+BQNN+CER N+DARE+G L AS+ )

(3025 ~ 0) (20 0 )
( 25 0) APPROX

BAUD
BAUD

70 MHS — 10~ 5-13 PI — P
70 HMS — 10 5-13 P I— 7

5/70
5/70

(3075 ~ 0) (20~0 ) BAUD 70 NM S — 10.5—13 P I — P
( 25. 0) APPROX ~ BAUD 70 MM S — 10 ~ 5—13 P I — P

5/70
5/70

(3145.0) (20 ~ 0)
(10.0) OR LESS

BAUD
BAUD

70 MMS — 10 ~ 5—15 P I— P
70 MM S — 1 0 5-15 P I — P

5/70
5/70

M Y 43 (3013~ ) (5 ~ ) YOST 71 HBC + 1 1.PI+ P r P (8PI }+ 11/71
W Y 43 (40. ) OR LESS YCST 71 HBC + 11~ PI+ P P(8GI ) 5/71

Y 4, 3 S.D. EFFECT . DECAY TG 7 PIQNS
Y NGT SEEN BY KALELKAR 75 WITH 5 TIMES MORE DATA

BALTAY 78 PR D 17 52
BENKHEIR 78 LAL-78/30
CARTER 78 NP B 141 467
PAVLQPOU 78 PL 72 8 415
PENNING T 78 NP 8 137 77

+CAUTI Sr COHENr CSORNA r KALELKAR+ (CCLU+8 ING)
B ENK HE IR I ~ BOUCROT+ ( CERN+CDEF+EPOL+LALQ)
A ~ A ~ CARTER (LCQH)
PAVLOPCULQS+ (KARL+BASL+CERN+STQH+STRBl
H R PENNINGTCN {CERN)

{3475+0) (20 ~ 0]
(30.0} APPROX

(3535.0} (ZO. O)
(30 0) APPROX .

BA UD
BAUD

BAUD
BAUD

70 MMS — I 4—15 5 PI — P
70 MM S — 1 4-15 ~ 5 P I — P

70 HM S — 1 4-15 5 P I — P
70 MM S — 14- 15 ~ 5 PI — P

5/70
5/70

5/70
5/70

ALBERI 79
AL STCN-G 79
ARHSTRON 79
BENKHEIR 79
BGWCOCK 79
CARRCLL 79
DELCQURT 79
EVAiNGEL I 79
GI BBARD 79
MART I N 79

PL 83 8 247
PRL 43 1901
PL 8 85 304
PL 81 B 380

PREPS BIRMING
PR D 19 1950
PL 8 86 395
NP 8 153 253
PRL 42 1593
PL 8 86 93

+ALV EARr CAST ELI Ir POROP A T+ ( TRST+CER N+R I 0)
ALSTQN-GARNJGSTr HAMI LTGN+ l LBL+HTHG+BNL )
A R H S T R G N G+ ( A AC H+ 8 AR I + 8 GNN+ C E R N+ G L A S+ L I V P+ )
BENKHEIRIr BCUCROTr+ ( EPOL+LALO+CDEF+CERN)

H J.E BOWCOCKr D C HODGSON ( 8 I RH)
+CHIANGr KYCIAr LIr LITTENBERGr+ l BNL+RCCH)
+DERADQr BERTRANDr BI SFLLCr BI ZOT r BUQNr+(LALO)
+ ( BAR I+BONN+CERN+DARE+ GLAS+LI VP+MI LA+ WI EiN)
+AHRENSr BERKELHANr CASSEL ~ DAYr HARDING+(CORN)
A. D. HARTI Nr M. R. PENNINGTON (DURH)

DEFOIX 80 NP 8 162 12
HAMILTCN 80 PRL
ROZANSKA 80 NP 8 162 505

+DGBRZYNSKIrANGELINIr BIGIr+ (CDEF+PISA)
+PUNr TRIPP r LAZARUS rNICHOLSON I LBL+BNL+HTHO)
+BLUMr DI ETLr GRAY ER r LORENZ+ ( HP I M+C ERN )

46 X( 1900-3600)

THI 5 E NTRY CGNTA INS VAR IOUS HI GH-MASS
NGN —STRANGE PEAKS QMI TTED FROM TABLE.

The high mass region is covered nearly contin-

CLAYTON
BOESEBEC
AN DE R SG N

BAUD
BA UD

CA SO
KRAHER
SABAU
YQ ST
TAKAHASH
THCNPSGN
BALTAY
KALE LKA R
KEHP
BALTAY
BLANAR
CHLI APNI
CL INE

67 HEI DBG ~ CONF ~ P 57
68 NP B 4 501
69 PRL 22 1390
69 PL 308 129
70 PL 31 8 549
70 LNC 3 707
70 PRI 25 396
71 LNC 1 514
71 PR D 3 642
72 PR D 6 1266
74 Np Be9 220
75 PRL 35 891
75 THE SI S(NEVI S 207)
75 NC Z7 A 155
78 PR D 17 52
79 PR D 20 615
79 PREP.
79 PRL 43 1771

REFERENCES FOR X( 1900—3600)

+MA SON r MUI RHEAD r F I LI P PA S+ {L I V E RPGOL+AT HENS )
BOES EB ECKr DEUTSCHMANNr+ (AACHEN+BERLIN+CERN)
+COL{.I NS, + ( BNL+CARN )
CERN BOSCN SPECTROME TER GROUP ( C F.RN)
CERN BCSCN SPECTROMETER GROUP l CERN)
+CONTE, TOMAS I NI r CORDS+ l CENO+HAMB+MILA+S ACL )
+BARTQNr GUTAYr LICHTHANr HII LERr+ (PURDUE}
+URET SKY ( BUCH+ANL }
+MORRISr ALBRIGHTr BRUCKERrl ANNUTTI ( FSU)
TAKAHASHI r BARI SHr+ ( TQHO+P ENN+NDAMi+ANL )
+GA I DOS r MC ILWA INr MIL LER rHULFRA r+ ( PURD )
+CAUT I Sr COHEN ~ KAL ELK ARr PIS ELLO r+(COLU+8 ING )
H S ~ KALE LKAR (CCLU )
+LOT TS r CONTR I r TF GDORO+( DURH+GENO+NI LA+ LPNP)
+CAUTI Sr COHENr CS GRNAr KALELKAR+ (COLU+BING)
+BGYERr EAR LE Sr FA I SSLER r GARELI C K+ ( NEAS )
CHL I APNIKCVr GERDYUKG Vr + l SERP+BRUX+MQNS)
+DE BONTEr GAI DOS r LFEDOM r KEY r+ l PURD+TNTG)

uously by evidence for peaks of various widths and

decay modes. As a satis factory grouping into
particles is not yet possible, we list all the

+
Y = 0 bumps coupled neither to NN nor to e e, and

e e (1100—3100) 7 E+ E ( 1100 3100rJPG=1 } I=

THI S ENTRY CONTAINS NGN-STRANGE
VECTOR MESONS CQUPL ED TG E+ E-( PhOTON )
BETWEFN PHI AND J/PS I MASS REGION
SEE ALSO RHG PRIME( 1250) AND RHO
PRI HE (1600) M I NI -REV I EW .
GHI TTED F RGM TABLE ~

having M & l900 Me'Iv', together, ordered by increasing
mass. Note that ANTIPOV 72 (Ti p -+ p MM at 25 and (1097~ 0)

(31 0}
(16 ~ 0 }
(24 0)

(19.0}
l ZO. 0}

BART AI. UCC 79 0 S PK 7 GAM P r E+ E- P
BARTALUCC 79 GSPK 7 GAM Pr E+ E- P

7 E+ E —(1100—3100) HASSES AND W IDTHS {MEV)

12/79¹
12/79¹

40 GeV/c) see no narrow bumps. ( 16 5?. 0)
( 42 ~ 0)

(17 0)
(17 0}

COSME
CQSHE

79 GSPK 0 E+ E—r3P I
79 QSPK 0 E+ E-r3PI

12/79¹
12/79¹

46 X( 1900-3600} MA SSE S AND WIDTHS ( ME V)

100( 1 898 ~ )
100 ( 108 ~ )

( 18 ' )
(41 )

THCHPSQN 74 HBC + 13 PI+ Pr 2RHO
(27 ~ ) THOMPSON 74 HBC + 13 PI+ Pr2RHO

12/75
12/75

M 100( 1900~ ) ( 40 ~ ) BQESEBECK 68 HBC + 8 PI+ Pr P I+ PIG 12/75
W .100 (216 ' ) (105 ' ) BOES EB EC K 68 HBC + 8 P I+ P ~ P I+ PI 0 12/75

( 1970 ~ )

( 1970. )
(10.}
(10~ )

CHL IAPNI K 79 HBC 0 32 K+ P r 2KS 2 PI
CHLI APNI K 79 HBC 0 32 K+ P 2KS 2PI

12/79¹
3, 2/79¹

50 ( 2 070 . )
50 (160. )

TAKAHA SHI 72 HBC
T AKAHASHI 72 HBC

8. PI -P r N 2P I
8 ~ PI —Pr N 2PI

12/75
12/75

(2157 ~ 0) ( 10.0 ) KRAMER 70 HBC + 13 1 PI+ P r 2P I 11/70
(68. 0) (22 ~ 0) KRAMER . 70 HBC + 13.1 PI+ Pr2PI 11/70

EV IDENCE GF KRAMER 70 DISAPP EAR ED WITH MORE STATI STI CS( THOMPSON 74)

30(1973~ 0} ( 15 0 ) CASC 70 HBC — 11~ ZPI-Pr RHQ 2PI 12/75
30 {80 ~ 0) CASG 70 HBC — 11 ZPI —Pr RHQ 2PI 12/75

M K 40(1975 0) (12.0) KRAMER 70 HBC + 13 1 PI+ P r 2P I 11/70
W K 40 (52 ~ 0) OR LESS CL=. 90 KRAMER 70 HBC + 13.1 PI+ P 2PI 12/75

K 2PI PEAK GF KRAMER NOT SEEN IN SAME EXP WITH MORE DATA(THOMP SGN 74)

M N P
W

H N

M P

M I-I

W R
M

M M

M I
W I

H R
W

M R

M

W I

M S
W S

M S
W S

{1690+0) {14 0) CCSHE 79 GSPK E+ E-r4P I
(180 0) (87 0) CCSME 79 OSPK E+ E —,4PI

NGT SEEN BY DEI COURT 79 WITH LARGER STAT IST ICS r NEITHER BY
BACC I 80

1765 TO 1792
47 TO 79

BARBIELLI 77 FRAB
BARB IELL I 77 FRAB

E+ E-
E+ E-

( 1772 ~ 0) ( 16 ~ 0) CGSME 79 OSPK 0 E+ F-r5PI
{49.0 ) ( 25 ~ 0 ) CGSME 79 OSPK 0 E+ E—r 5P I

NOT SEEN BY DELCOURT 79 r NEITHER BY S PINETT I 79

1 812 TO 1836
13 TO 34

BARB I El L I 77 FR AB
BARBIELL I 77 FRAB

E+ E-
E+ F-

58(1819 )
58 {24.)

(7e}
(9 )

F'ACC I
BACC I

77 F RAG
77 FRAG

E+ E-
E+ E—

( 1821+ )
(31 ~ )

(18 }
(25 ~ )

ESPQSI TQ 77 FRAH
E SPOSI TO 77 FRAM

E+ E-
E+ E—

(1665~ 0) ( 10 0) CQSME 79 QS PK 0 E+ E-r 5P I
(37 0) (21 ~ 0) COSMiE 79 OSPK 0 E+ E-r 5P I

10 HEV SYSTEMATIC ERROR ADDED LINEARLY BY US
SEEN ALSO BY DEI COURT 79 WITH DM1 APPARATUS AT DCI

12/79¹
1Z /79¹

12/79¹
12/79¹

12/77
12/77

12/79¹
12/79¹

12/77
12/77

12/77
12/77

12/77
12/77

H (2190 0) (10 0) CLAYTON 67 HBC + — 2.5PBARr A2+OMEGA 10/67 {1 830 0) APPROX.
( 120 ~ 0) APPROX ~

PE TE RSON 78 SPEC GAM P, K+ K — P
PETERSON 78 SP EC GAM P r K+ K— P

C (2207. 0} (22.0) CASC 70 HBC — 11~ 2P I- Pr NOTE C
C ( 130 ~ 0) CASG 70 HBC — 11 2PI — P r NOTE C
C SEEN IN RHO- PI+ P I — {GMEGA AND ETA ANTI SEL ECTED IN 4 P I SYSTEM)

5/70
5/70 (2130 ~ )

(30. )
APPROX ~

APPROX
ESPQSIT 1
ES PCS IT1

78 MEA
78 ME A

E+E—r K¹ ( 892}+..
E+E rK¹(892)+ ~

12/78¹
12/78¹

8
h 8

8
8

126 (2340 ~ ) (20 ) BALTAY 75 HBC + 15 PI+Pr P5PI
126 ( 1 80. ) (60 ~ ) BALTAY 75 HBC + 15 P I+Pr P5PI

DOHINANT DECAY INTO RHOO RHOO P I+ ~ BALTA Y 78 FINDS C GNF I RHATI GN

I N 2 PI+ PI -2P IO EVENTS WHICH CONTAIN RHO+ R HOO P IO AND 2RHO+P I- ~

12/75
12/75

SPRE AD TAKES ACCGUNT OF POSS I BL E INTER FFR ENCE 8 ETWE EN THE
TWO STRUCTURE S ~

SYST EMAT I C ERROR ADDED L INEARL Y.
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S154 Particle Data Group: Review of particle properties

Me sons
CHARhfONIUM, X(2820), U(2980)

Data Card Listings
For notation, see key at front of Listings.

BACC I
BACC I
BACC I
BARB I EL L
BARTALUC
ES PDS IT 0
AMBROSIO
BALD INI
ESPQSI Tl
ESPOSIT2
PETE RSO N

BARTALUC
COSME
DE LCGURT
ESPQSIT 0
SP INETT I
BACC I

75 PL 58 8 481
76 PL 64 8 356
77 PL 8 68 393
77 PL 8 68 397
77 NC A 39 374
77 PL 8 68 389
78 PL 80 8 141
78 PL 78 8 167
78 LNC 22 305
78 LNC 23 604
78 PR 0 18 3955
79 NC 49 A 207
79 NP B 152 215
79 PREP LAL-79/21
79 LNC 25 5
79 PREP LFN-79/65
80 PRE P ~ LF N 80/2

REFERENCES FOR E+ E-( 1100-3100)

+B IDOL Ig PENSOg STELLAR BALDINIp+ (ROiMA+FRAS)
+BIDOLI, PENSO ST ELLA, BALDINI, + (ROiMA+FRAS )
+DE ZCRZI g PEN SOg STELLA p BALD INI g+(ROMA+F RAS)
BARB I ELL IN I y BARL ETT A y +( FRAS+NA PL+P I SA+ SAN I )
BARTALUCCI BERTOLUCCI BRADASCHIA(DESY+FRAS)
+FEL ICETTI eMAR INI y+ ( FRAS+NAPL+PADQ+ROMA)
+CERRITO BEMPORAD BROSCC + (NAPL+PISA+ROMA)
+BATTI STONI CAPON BACCI DEZORKI+ (FRAS+RCMA)
ESPOSITOg FEL ICETT I+ ( FRAS+NAPI +PADO+ROMA }
E SPDSI TOFF El ICETTI+ ( FRAS+NA PL+ PADO+ RCMA }
+DIXON' EHRLICHg GALIKq LARSQhl+ (CORN+HARV)
BARTALUCCI ~BASINIr BERTOLUCCI+ (DESY+FRAS )
+DUDELZAKy GRELAUD g JEAN-MARI E g JULLI AN+ ( IPN)
+BERTRAND' BISELLOg BI

ZOTEL

BUONA CORDI ER+( LALO)
+MARI NI t PALLOTTA+ ( FRAS+U )'0+ PADO+ ROM A }
M ~ SP IN1ETT I ( FRAS}
+BALDI NI gBATTI STONI g CAPCNg DE ZQRZI+ ( FRAS }

x(283o)

HI IK
BART EL
AMALDI
BRAUNSCH
YAMADA
APEL
PART RID G

GBSE RV ED I N THE S EQU ENT IAL RAD I AT IVE DECAY OF THE
J/PSI ( 3100) INTO X(2830) GAMMA p X (2830) INTO 2 GAMMAS

BY THE DASP AND DESY-HEI DE LB ERG GROUP S
NOT SEEN BY THE CRYSTAL BALL (PARTRIDGE 79) WITH
MUCH LARGER STATISTICS OMITTED FROM TABLE ~

REFERENCES FOR X (2830)

B ~ H WI IK ( DE SY)
+DUI NKERy CLSSCNgHE INTZE g+ ( DESY+HEID )
+BENE VENTANO e DELLg DOOHE R+ ( ROMA+BNL+ADE L PHI )
BRAUNSCHWE IG2+ ( AACH+ CESY+HAMB+MPIM+TOK Y )
YAMA DA ( AACH+ HAMB+DE SY+ MUNC+TCKY )
+AUGENSTF. IN2+ (KARL+PIS'A+SERP+WI EN+CERN)
PARTRIDGES PECKS+ (CIT+HARV+PR IN+SLAC+STAN)

75 STANFORD SYMP +69
76 TBILI SI CONF ~ N56
77 L NC 20 409
77 PL 67 8 243
77 HAM 8 CONF ~ P 69
78 PL 72 8 500
79 SLAC- PUB 2425

The Charmonium System
U(298o) 26 U( 2980eJPG= )I=

OBSERVED IN THE INCLUSIVE GAMMA SPECTRUM GENERATED FROM
PS I(3685) DECAY ~ NEEDS CONF IRMATION OMITTED FROM TABLE ~

Ne group into this system those meson states
commonly believed to consist of charmed-quark-

charmed-antiquark pairs. Since the discovery of
the J/t|} (3100) {AUBERT 74, AUGUSTINI 1 74) this

26 U( 2980) MASS (MEV)

1624(2980 0) ( 20 ~ 0)

26 U( 2980 } WIDTH (MEV)

PARTRIDGE 79 CNTR E+E-g GAMMA INCL ~ 12/79+'

family has increased to at least 13, of which we

tabulate 9 as well established particles. Figure 1

shows the states of charmonium below the $(3685),
interpreted by the charmonium model, at the time of

1624 ( 60 0) OR LESS

PARTRIDG 79 SLAC-PUB 2425
SCHARRE 79 SLAC-PUB 2426

SCHARRE 79 RVUE E+E-t GAMMA INCL 12/79&

4t+QQQQQQQ ){cQQQQQQQ

REFERENCES FOR U (2980 }

PARTR IDGE PECK + (C IT+HARV+PRIN+SLAC+STAN)
D ~ L ~ SCHARRE

the 1979 Chicago Lepton-Photon Conference: 1) the
X (2830) and X (3455) 0 candidates were not. seen by

the Crystal Ball Experiment {PARTRIDGE 79); 2) g

new state, U(2980), had been discovered by examining

the inclusive photon spectrum at the Q(3685) mass.

Q(3685)

XQ550)

r
hadr

hadrons

J/Q (5100)

U(2980) y

X 0)
hadrons y+ radiative

PC

Fig. 1. The current state of knowledge of the charmonium system and transitions,
as interpreted by the charmonium model. Uncertain states and transitions are
indicated by dashed lines. . J quantum number assignments are in some cases
tentative, but all are at least consistent with experiment; see individual
particle listings for discussion. The notation g* refers to decay processes

+ +involving decays to e e and p p . The crosses correspond to the states not
seen by PARTRIDGE 79.
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Particle Data Group: Review of particle properties S155

Data Card Listings
I or notation, see key at front of Listings.

Mesons
z/y(sz 00)

70 J/PSI (3100) PART IAL W I DTHS ( KEV )

70 J/PS I ( 3100' J PG=1--) 1=0

7C J/PSI (3100 ) MASS ( MEV)

HE USE INDEPENDENT MEASUREMENTS OF THE J /P SI (3100)
NA SS THE P SI ( 3685) MAS S A ND THE MASS DI FF ER ENC E TQ
P ERFQRM A CONSTR AINE 0 F IT ~

( 3100~ )
t3105 ~ )
3C65
3089 ' 5
3098
3103~

3 096 ~ 0
9000(3 C S5 ~ 44)

3097 0

M

M L

M 0
M S
M

M

M

M

H F
M

M

N

N

~ ~ » ~ ~

A VG 3097.05
STUD ENT3097 0
F IT 3097 1

(3 ~ )
4 ~

31»
6 ~

e.
30 ~ 0
(0 ' 46)l.

~ ~ ~ ~

0 ~ 94
1 ~ 0
0 ~ 9

AUBERT 74
AUGUST IN 74
BGYARSK I 75
CR IEGEE1 75
PREPGST 75
BE HPQRA 0 75
SNYDER 76
BARATE 79
BRANDELIK 79

SPEC
SNAG
SM AG

PLUT
SP EC
F RAB
SP EC
SPEC
DA SP

28 PP(E+E-)
E+ E-
E+E-
E+ E-

1 3 ~-2 1 ~ GAMMA D
E+ E-

400 P BE y E+E-
0 150 P I-BEp 2HU

E+ E-

2/75
2/75
3/75
2/75
1/76
1/76
1/77

12/79*
12/794'

AVERAGE f ERROR INCLUDES SCALE FACTOR OF 1 0 }
AVERAGE USING STUDENT 10(H/1 ~ 11) -- SEE MAIN TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

70 J/PS I( 3100) WIDTH (KEV)

F FRGM A SIMULTANEOUS FIT TG E+ E-g MU+ MU- AND HADRQNIC CHANNELS
M F ASSUMING G ( E+ E-) = G( MU+ MU-)
M

N L BGYARSKI 75 IS A REEVALUATION OF AUGUST IN 74 BASED
M L GN A RECALIBRATIQN OF THE SPEAR BEAN ENERGY ~

M 0 MASS WIDTH PARTI AL WIDTHS AND BRANCHING RATIOS ALL GBTAINED
0 FRGN CNE OVERALL FIT TG DATA OF THIS EXPERIMENT ~

M

M S ERROR OF ABOUT 1 P ER CENT FROM THE UNCERTAINTY IN CALI BRATI CN QF
M S THE BEAM ENERGY ~

Hl
Wl
Wl
Wl
Wl
Hl
Wl
Hl
Hl
Wl
Hl

W2
H2
H2
WZ

W2
W2

W3
W3
W3
W3
H3
H3
W3

H4
W4
H4

H5
W5

3/75
1/76
1/76

12/79~

J/PSI {3100) INTO MU+ HU-
4 ~ 8 0 ~ 6
5 0 1 ~ 0

BOYARSK I
ESPGSI TG

(G2)
75 SMAG
75 FRAN

E+E-
E+E-

3/75
1/76

A VG

STUDENT

~ ~ ~ ~

4» 85
4 ~ 85

0 ~ 51
0 ~ 55

AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1 ~ 0 }
AVERAGE USING STUDENT10(H/1»11) -- SEE HAIN TEXT

J/PSI (3100}
59 ~

59,
50

INTO HA DRON S
14 ~

24 ~

25

( G3)
BOYARSK I 75 SN AG
BALD INI 1 75 F RAG
ESPOSI TQ 75 FRAM

E+E-
E+ E-
E+ E-

3/75
1/76
1/76

AVG
STUDENT

~ ~ ~ ~

57. 3
57 ' 3

~ ~ ~ ~ ~

10.9
11' 7

AVERAGE {ERROR INCLUDES SCALE FACTOR GF 1 0 )
AVERAGE USING STUDENT10(H/1» ll) -- SEE MAIN TEXT

J/PS I (3100) INTO GAMMA INTO HADRQNS
C 12 ' 2 ~ BOYARSKI 75 SMAG
C INCLUDED IN W3

J/PSI ( 3100) INTO GANHA GAMMA (EV} (G4)
(5 ~ 4) OR LESS CL=O ~ 90 BRANDELIK 79 DA SP E+ E-

E+ E- 1/'76

12/794

70 J/P Sl (3100 ) BRANCHING RATI GS

FOR THE BRANCHING RAT IGS Rl — R4 SEE AL SG THE PARTI AL
WIDTHS ASQ VE AND ( PARTI AL WIDTHS) +Rl BELOW ~

J/PS I (3100) INTO E+ E- (G1)
4» 8 o.e BOYARSKI 75 SMAG E+ E-

B (4 6) ( ~ 8) BA LD INI 1 75 F RAG E+ E-
6 1 ~ 0 ESPOS ITG 75 FRAM E+ E-

8 ASSUMING EQUAL PARTIAL WIDTHS FOR (E+E-) AND {MU+MU-)
F 4 ~ 4 0 ' 6 ' BRANDEL I K 79 DA SP E+ E-
F FROM A SI MULTANEOUS F IT TO E+ E-g MU+ MU- AND HADRONI C CHANN EL S
F ASSUM ING G ( E+ E- ) = G{ NU+ HU-)

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 4»60 0 ~ 39 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
STUDENT 4 ~ 60 0 42 AVERAGE USING STUDENT10(H/l»11} —SEE MAIN TEXT

W

W

W F
H F
H F
H

W

W

69 '
es.
60 '
58.

FROM A S
ASSUMING

3/75
1/76
1/76

12/794

~ ~ ~ » ~ ~ ~ ~ »

AVG 63 ~ 0 8 ' 6
STUDENT 63 ~ 0 9 3

AVERAGE (ERRGR INCLUDES SCALE FACTOR OF 1»0 }
AVERAGE USING STUDENT10{H/I 11) -- SEE MAIN TEXT

15 BOYARSKI 75 SM AG E+E-
26 ~ BALDINI 1 75 FRAG E+E-
25 ESPGS I TQ 75 F RAM E+E-
13~ BRANDE LI K 79 DASP E+ E-

INULTANEOUS FIT TQ E+ E e HU+ MU AND HADRQNI C CHANNELS
G ( E+ E-) = Gl MU+ MU-)

Rl
Rl

RZ
R2

R3
R3

J IPSI (3100) INTO l E+ E-) /TOTAL
0» 069 0» 009 BOYARSKI

J/PSI ( 3100) I NTG ( MU+ MU- }/TOTAL
0»069 0 ~ 009 BOYARSKI

( Pl) I (P 1+P2+P 3)
75 SHAG E+ E-

(P2) /(Pl+PZ+P3}
75 SHAG E+ E-

J/PSI ( 3100) INTO (HADRONS)/TOTAL ( P3 }I ( P 1+P2+ P3)
0.86 0 ~ 0? BOYARSKI 75 SMAG E+ E-

3/75

3/75

3/75

Pl
P2
P3
P4

P
P
Pl 1
P12
P13
P14
P15
P16
P17
P18
P-1 9
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33
P34
P35
P36
P37
P38
P39
P40
P41
P42
P43
P44
P45
P46
P47
P48
P49
P50
P51
P52
P53
P54
P55
P56
P57

P
P
P70
P71
P72
P73
P74
P75
P76+
P77

70 J/ PS I ( 3100 ) PART IAL DECAY MODES

J/PSI(3100) INTO
J/PSI f 3100} INTO
J/PS I ( 3100 } INTO
J/PSI (3100) INTO
J/PS I t 3100) INTO
J/PSI (3100) INTO
J/PSI (3100) INTO
J/PS I t 3100 ) INTO
J/PSI (3100) INTO
J/PS I {3100) INTO
J/PSI (3100) INTO
J/PSI ( 3100) I NTO
J/P S I (3100 ) INTO
J/PSI {3100) INTO
J/PS I ( 3100) INTO
J/PSI (3100) INTO
J/PSI(3100) INTO
J/PS I (3100) INTO
J/PSI (3100) INTO
J/PSI (3100) INTO
J/PSI (3100) INTO
J/PSI f 3100) I NTG
J/PS I (3100) INTG
J/PSI (3100) INTO
J/PS I ( 3100) INTO
J/PSI (3100} INTO
J /P SI t 3100} I NTG
J/PS I ( 3100) INTO
J/PSI (3100) INTO
J/PSI ( 3100) INTO
J/PSI t 3100} INTO
J/PSI t 3100) I NTG
J /PS I ( 3100 ) INTO
J/PSI (3100) INTO
J/PS I( 3100) INTO
J/PS I (3100) INTO
J /P Sl t 3100) I NTG
J/PSI (3100) INTO
J/PSI (3100) INTO
J/PSI( 3100) INTO
J/PS I (3100} INTO
J/PSI (3100) INTO
J/PSI f 3100) INTO
J/PSI t3100) INTO
J/PSI (3100) INTO
J/P 5 I ( 3100) INTO
J/PSI (3100) INTO

RAOIAT IVE DECAYS

PI+ PI-
P I+ PI — PI 0
2(PI+ PI-}
2 ( Pl+ PI-) PIO
3( P I+ P I-)
3 ( P I+ P I- ) P I 0
4(PI+ PI-)
4 ( P I+ P I- ) P I 0
K KBAR
K KBAR PI
P I+ P I- K+ K-
2 ( PI+ P I-) K+ K-
P I+ PI — PI 0 K+ K-
RHQ PI
RHG PI PI PI
OMEGA PI P I
OMEGA 4P I
QM EGA K K BAR
OMEGA F
OHEGA F PR INE
PHI PI PI
PHI 2(PI+ PI-)
PHI K KBAR
PHI ET A

PHI ETA PRI MF
PHI F
PHI F PRIMF
A2 PI
AZ RHQ
K K+ ( 892)
K K+(1430)
K& (892 ) K+ f 892 )
K&( 1430) K&f 1430)
K+ (892 ) K+ ( 1430 }
P PBAR
P PBAR P I
P hlBAR PI
P PBAR PI+ P I-
P PBAR PI+ P I— PIG
P PBAR E TA
P PB AR GME GA

LA MBDA ANT I L AM BDA
LA NBDA ANTI SIGMA
XI ANT IX I
Pl 8
P PBAR ETA PRIME
SI GMAO SIGMASARO

J/PS I (3100 ) INTO
J/PSI (3100} INTO
J/PSI f 3100) INTO
Jl PS I ( 3100 } INTO
J /P SI ( 3100) I N TG
J/PS I (3100) INTO
J/PSI (3100} INTO
J/PSI ( 3100) I NTO

GAMMA GAMMA

3 GAMMA
PI 0 GAMMA

ET A GAMt{A
ETA PRIME GAMMA
X( 2830) GAMMA

F GAMMA
F PRI ME GA MMA

J/PSI f 3100) INTO E+ E-
J/PSI (3100) INTO NU+ NU-
J/PSI (3100) INTO HADRGNS
J/PSI {3100} INTO VI RTUAL GAMMA INTO HADRONS

HADRGNIC DECAYS

DEC AY MA SSES.5+ .5
105+ 105

497+ 497
497+ 497+ 1 39
139+ 139+ 497+ 497

776+ 139
776+ 1 39+
782+ 199+
7S 2+ 139+
78 2+ 497+
78 2+1273
782+1 516

1019+ 139+

139+ 139
139
139+ 1 39+
497

139

1 019+ 497+
1019+ 548
1019+ 957
1019+1273
1019+1516
1317+ 139
1317+ 776

4 97+ 892
497+ 1434
892+ 892

1434+1434
89 2+ 1434
938+ 938
938+, 938+
938+ 939+
93 8+ 938+

938+ 938+
938+ 938+

1115+1115
1115+1192
1314+1314
139+1231
93 8+ 938+

1192+1192

497

139
139
139+ 139

548
782

957

0+
0+

134+
54 8+
95 7+

2830+
1273+
1516+

0
0+ 0
0
0
0
0
0
0

135+ 139
139+ 139+ 134
139+ 139+ 139+ 139

R4
R4
R4
R4
R4
R4
R4

R5
R5
R5

RB
R8
RS
RS
RS
RS

R9
R9

R10
R10
Rlo
R10
R10
R10

Rl 1
Rll

R12
R12

Rl. 3
R13

R14
R14

R15
R15

Rle
R16

R17
R17
R17
R17
R17
R17
R17
R17
R17

R18
R18
R18
R18
R18
R18
R18
R18
R18

J/PSI

AVG
STUDENT

3/75
2/75
1/76

J/PSI

INCL

(3100) INTO ( GAHNA INTO HADRON S) /TOTAL
17 ~ 02 BQYARSKI 75 SH AG

UDED IN R 3
1/76

HADRGNIC DECAYS

J/PSI
1
5

AVG
STUDENT

{3100)
1 ~ 6
1 ~ 0

1 ~ 05
1 ~ 05

INTO {PI+ PI —)/TOTAL f UNITS 10+&-4 )
1 6 VANNUCC I 77 SHAG E+E-
0 ~ 5 BRANDEL IK 78 DASP E+ E-

D ~ » ~ ~

0 ~ 48 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1»0}
0»52 AVERAGE USING STUDENT10(H/1»11) -- SEE HAIN TEXT

1/77
12/78+

J/PSI {3100) I NTG (2 (PI+ PI —) ) /TOTAL76» 004 ~ 001 JE AN-MARI 76 SMAG 1/76

J/PSI
675

1500
»

AVG
STUDENT

f 3100) INTO (2 f PI+ PI —} PIO) /TOTAL.04 .Ol JE AN-MAR I 76 SHAG
0»0364 0 0052 BURM ESTER 77 PL UT

E+E-
E+E-

1/76
12/77

0 ' 0372
0 0372

0 ~ 0 046
0 0050

AV ERAGE ( ERROR INCL UDE S SCAL E FACTOR OF 1 ~ 0 )
AVERAGE USING STUDENT10(H/1 11) -- SEE HAIN TEXT

J/PSI ( 3100) I NTQ (3 ( PI+ PI —) /TGTAL
32 ~ 004 ~ 0 02 JE AN-MARI 76 SM AG

J/PS I ( 3100) I NTG t 3 ( PI+ P I- ) PI 0) /TOTAL
181 ~ 029,007 JEAN-MARI 76 SMAG

J/PS I ( 3100) INTO f 4(PI+ PI- } PI 0) /TOTAL
13 ~ 009 ~ 003 JEAN-MARl 7e SMAG

J/PSI (3100) INTO (P I+ PI- K+ K-)/TOTAL
205 0» 0072 0 ~ 0023 VANNUCCI 77 SH AG

J/PSI (3100) I NTO t 2 ( Pl+ PI- ) K+ K-)/TOTAL
30 0» 0031 0 ~ 0013 VANNUCCI 77 SHAG

J/PSI (3100) INTO (RHO PI )/(PI+ PI- PIO)(.7) oR MDRE CL=0. 90 JEAN-MARI 7e sMAG

E+E-

E+E-.

E+ E-

E+E-

1/76

1/76

1/76

1/77

1/77

1/76

J/P SI

AVG
STUDENT

( 3100)
0 63
0 ~ 59
0»53
0»46

(0 ~ 56

I NTO ( RHOO
0'22
0 17
0»15
0 ~ 14

) l0 ~ 06)
~ ~ » ~ ~

0» 081
4 0.088

~ ~ ~

0~ 53
0 ~ 53

PI 0) /( RHG+- PI-+ )
BAR TEL 1 76 CN TR
JEAN-MAR I 76 SMAG
ALEXANDE R 78 PLUT
BRANDEL IK 78 DA SP
SCHARRE 79 SNAG

E+E- 1/77
E+E- 1/76

E+ E- 4/784
E+E- y P I+P I-GAMMA 4/78+
E+E- 121794

AVERAGE f ERROR INCLUDES SCAL E FACTOR OF 1 0 )
AVERAGE USING STUDENT10(H11»11) -- SEE HAIN TEXT

J /PSI
543
153
183

A VG

STUDENT

( 3100) I NTO ( RHO PI
0 ~ 010 0»002
0 ~ 01 3 0 ~ 003
0» 016 0 ~ 004
0 ~ 0133 0 ~ 0021

( 0 ~ 0132) ( 0 0021)
~ » ~ ~ ~ ~ ~ ~

0 ~ 0122 0 ~ 0012
0 ~ 0123 0 ~ 0014

}I TOTAL
BARTEL 1
JEAN-MAR I
ALEXANDER
BRANDELIK
SCHARRE

76 CN TR
76 SN AG

78 PLUT
78 DA SP
79 SMAG

E+E- 1/77
E+E- 1/76

E+ E- 41784
E+E- y P I +P I-GA MNA 4/78+
E+E- 12/79~

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDE NT10(H/1 ~ 1 1) -- S EE HAIN TEXT

( 3100) INTO ( E+ E-, )/( MU+ NU-) (Pl) /(P2)
1 ~ 00 0»05 BGYARSK I 75 SM AG E+E-
0 93 0 10 FORD 75 SP EC E+ E-

D 91 ~ 15 ESPQSITO 75' FRAM E+E-
» ~ » ~ ~ ~ ~ ~

0 980 0 043 AVERAGE ( ERROR INCLUDE 5 SCALE FACTOR OF 1 0)
0.980 0 ~ 047 AVERAGE L}SING STUl3ENT10(H/1 11) -- SEE MA I N TEXT

R19
R19

J/PSI (3100) INTO t OMEGA P I PI }/(2 ( PI+ PI —) PIO )
J 2) JE AN-MARI 76 SM AG E+E- 1176

Rev. Mod. Phys. , Vol. 52, No. 2, Part II, April 1980



Particie Data Group: Review of particle properties

Me sans
J/+(3100)

J/PSI (3100) INTO (PHI 2(PI+PI —) ) /TOTAL
(0 0015)OR LESS CL=Q ~ 90 VANNUCCI 77 SMAG

R51
R51

R20 J/PSI ( 3100) I NTO (RHO PI PI PI ) /(2 ( PI+ PI —) P IQ)
R20 J (.3} JE Ahl-MiAR I 76 SMAG

R2 1 J /PS I ( 3100) INTO ( P HI P I+ P I- ) /TOTAL
R21 23 0 ' 0021 0.0009 f ELDMAN 77 SHAG

1/77E+ E-
E+ E- 1/76

F )/TOTAL
VANNUCC I 77 SHAG
BURMESTE R 77 PLUT

J/PS I (3100) INTO (OMEGA
81 0, 0019 0 ~ 0008
70 0. 0040 0 ~ 0016

\ ~ 4 ~ 0 ~ ~ 0 ~

AVG 0 ~ 00232 00 00084
STUDENT 0 ~ 00230' 0 00081

R52
R52
R52
R52
R52
R52

1/77
12/77

E+E-
E+E-E+ E- 12/77

R22 J/ PS I ( 3 100 ) INTO {KQS KOL )/ TOTAL ( UNITS 10¹«-4)
R22 (0 89) OR LESS CL=Q ~ 90 YANNUCCI 77 SMAG AVERAGE ( ERROR INCI UDES SCALE FACTOR OF 1 ~ 2 )

AYERAGE USING STUDENT10(H/I 11) —— SEE MAIN TEXTE+ E— 1/77

J/PS I
2
7

{3100 ) INTO ( K+ K- ) /TOTAL ( UNITS 10¹¹-4)
2. 0 1 6 VANNUCCI 7? SHAG E+E-
2 ~ 2 0 ' 9 BRANDELIK 79 DA SP E+ E-

R23
R23
R23
R23
R23 AVG
R23 STiJDENT

J/PSI (3100) INTO (OMEGA F PRIME) /TCTAL (UNITS 10¹¹-4)
(1 ~ 6) OR LESS CL=Q ~ 90 VANNUCCI 77 SHAG

R53
R53

1/77
12/79¹ 1/77E+ E-

~ ~ ~

2. 15
2 15

~ ~ ~ o ~

0.78
0.84

J/PSI {3100) INTO (P I+PI —P IO K+K-) /TOTAL
309 0 ~ 012 0.003 YANNUCCI 77 SM AG

R54
R54

A VERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1. 11) -- SEE MAIN TEXT 1/77E+E-

J/PS I (31001 INTO ( RHO A2)/TOTAL
36 0, 0084 0.0045 V ANNUCC I 77 SM AG

R55
R55

R24 J/PS I (3100) INTO (KQ K¹(892) 0)/TOTAL
R24 45 0.0027 0.0006 VANNUCCI 77 SM AG

1/77E+E-E+E- 1/77
J/PSI (3100) INTO (OMEGA 2P I+ 2P I-)/TOTAL
140 0. 0085 0 ~ 0034 VANhlUCCI 77 SM AG

R56
R56

(3100 ) I NTQ ( K+— K¹(892) -+ ) /TOTAL
0 0041 0 0012 SRAUNSCHW ?e DASP
0 ~ 0032 0 ~ 0 006 VA NNUCC I 77 SHAG

R25
R25
R25
R25
R25 AVG
R2 5 STUDENT

J/PSI
3'9
48

1/77E+�-
EE+—

1/77
1/77 J/PSI ( 3100) INTO (X I— ANT IX I- ) /TOTAL (UNITS 10¹¹-3)

51 je4 0 5 PE RUZZ I 78 SHAG E+E-p X I-X
C 71 {3 2) (0 ~ 81 PERUZZI 78 SHAG E+E- pL LBAR
C INCLUDES CHANNEL ( XI 0 ANTI XI 0)

R57
R57
R57
R57

~ 0 ~ 0 0 ~ ~ ~

0 00338 Q. 00054 AVERAGE (ERROR I NCLUDE S SCALE FACTOR QF 1 ~ Q )
0 00338 0.00059 AVERAGE USING STUDENT10(H!1 11) -- SEE MAIN TEXT

4!78¹
4/78«

R26
R26

J/PS I (3100) INTO (KQ K¹(1430) 0)/TOTAL
(0.002) OR LESS CL=Q ~ 90 VANNUCCI 77 SHAG J /P SI ( 3100) I hlTO ( RHQ+ — P I-+ ) / ( K«(892 )+- K-+ )

(0 ~ 26) ( 0 ~ 09) PI ERRE 76 SMAG
R58
R58

1/77 4/77E+ E-
J/PSI (3100) INTO {K+- K¹(1420—+) /TOTAL

( 0. 00331QR LESS CL=Q 90 BRAUNSCHW 76 DASP
( Q.QQj 5)OR LESS CL=Q. 90 VANNUCCI 77 SMAG

R2?
R27
R27

J!PSI (3100) INTO (8+- PI-+) /TOTAL
87 0 0029 0 ~0007 BURMESTE R 77 PLUT

R59
R59

E+�-
EE+-

1/77
1/77 12/77

J/PSI (31001 INTO (N NBAR)/TOTAL (UNITS 10¹¹-2)
0 ~ 18 0.09 BESCH 78 CNTR

J/PS{ ( 3100) INTO (K¹(892) 0 K -( 892) 0}/TOTAL
{0.0005) QR LESS CL=Q 90 VANNUCCI 77 SHAG

R60
R60

RZB
RZ8 4/78«1/77 E+ E-

J/PS I (3100 ) INTO ( S IGMAQ SIGMABARQ) /TOTAL ( UNI TS 1 0¹¹-3 )
52 1.3 0 4 PERU ZZ I 78 SMAG E+E- p L LBAR

R61
R61

J/PS I (3100) INTO ( K¹( 1430)0 K¹( 1430) 0) /TOTAL
(0 ~ 0029) OR LESS CL=0. 90 VANNUCCI 7? SMAG

J/PSI {3100) INTO {K¹(892)0 K¹(1430) 01/TOTAL
40 Q. 0067 0 ~ 0026 VAhlNUCCI 77 SHAG

R29
iR2 9 4/78«E+c- 1/77

J/PSI (3100) INTO ( P P BAR ETA PRIME) /TOTAL ( UNITS 10¹¹—3)
19 1~8 0 ~ 6 PERU ZZI 78 SM AG E+E-p P P 8 1-2P I 4/78¹

R62
R62

R30
R30 E+E— 1/77

J F I NAL STATE 2 {P I+P I-) PIQ
A ASSUMING ANGULAR DISTRIBUTION (1~ICOS(THETA) «¹2)R31

R31
R31
R3 1
R31
R31 AVG
R3 1 STUDENT

I-NTQ ( P BAR P) /TOTAL ( UNIT S 10¹¹—3 )
0 ~ 5 BESCH 78 CNTR
0 2 PERUZZI 78 SHAG
0.4 BRANDLLI K 79 DA SP

J /P SI ( 3100)
2 ~ 0

A 331 2. 2
133 2. 5

E+�-
EE+—

E+ E-

4 /78«
4/78¹

12/79« RADIAT IYE DECAYS

~ ~ ~ ~

2 ~ 23
2 ~ 23

~ 4 ~ 0 ~

Q. 17
0.18

AVERAGE {ERROR INCLUDE S SCALE FACTOR QF 1.0 )

AVERAGE USING STUDENT10(H/1 ll) —— SEE MAIN TEXT
J/PSI (3100) INTO (2 GAMMA)/TOTAL (UNITS 10¹¹-3) (P4)

(Q 5},QR l FSS CL=O. 90 BARTEL 77 CNTR
R71
R71 4/77

R3Z J /P S I ( 3100} INTO ( P BAR P ) /( MU+ MU-)
R32 A 20 ( ~ 051) { 02) CRI EGEE2 75 PL UT

J /PS I ( 3100) INTO ( P I 0 GAMMA) /TOTAL ( UNI T S 1 0¹¹-3 1

10 0.073 0 ~ 047 BRANDE LI K 79 DA SP E+ E—
R72
R72E+E- 1/76 12/79«

R33 J/PSI (3100) INTO {LAMBDA ANTILAHBDA)/TOTAL (UNITS 10¹¹-3)
R33 196 1 1 0 ~ 2 PERUZZI 78 SMAG F+E—

p L Xp LBAR L 4/78¹ J /PSI (3100 ) INTO ( ETA GAMMA ) /TOTAL ( UNI TS 10¹¹-3)
21 1 ~ 3 0 ~ 4 BART EL 77 CN TR E+E—

p 3 GA MMA 1/77
0 ~ 82 0 )0 BRANDE LI K 79 DA SP E+ F- 12/79¹

(1 ~ 17) (0 17) PARTRIDGE 79 CNTR E+ E p3 GA 1'MA 12/79«

R73
R73
R73
R73
R73
R73
R73

J/PSI (3100)
10'9 1.00

1 4

R34
R34
R34
R34
R34 AYG
R34 STUDENT

INTO ( P P BAR PI 0 )/T QT AL (UNITS 10¹pp—3)
0. 15 PE RUZZI 78 SMAG
0.4 BRANDEL I K 79 DA SP

E+E-p P PB
E+ E—

4/78¹
12/79¹ AVG

STUDENT

~ ~ ~ 4 ~ ~ \ ~
' 0 85 0 11

0 ' 85 F 11
AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2 )
AYERAGE USING STUDENT10(H/1 11) -- SEE HAIN TEXT~ ~ ~ ~

1 ~ 05
1 ~ 05

~ ~ e ~ ~

0 14
0 ~ 15

AYERAGE (ERROR INCLUDES SCALE FACTOR QF 1.0)
AVERAGE USING STUDENT10(H 1I ~ 11} —— SEF HAIN TEXT (3100)

(3.3)
2 4
2.9

(6~ 87
(3 ~ 8)
THE I
(3o 4)

R74
R74
R74 57
R74 6
R74
R748
R74B FROM
R74
R74
R74 AVG
R74 STUDENT

INTO (ETA PRIME GAMMA) /TOTAL
OR LESS CL= ~ 90 BACCI

0 ~ 7 BARTEL 1
1 ~ 1 BR ANDE L IK

) (1 ~ 71) PART RI DG E
(1 3) SCHARRE

NCLUSIVE GAMMA DECAY SPECTRUM
(0 7) SCHARRE

10¹¹ —3)
E+E-

E+E—p2 GAMMA RHQ
E+E —p3 GAMMA
E+ E—

p 3 GAMMA
E+E- p GAMMA X

( UN I TS
7e FRAG
76 CNTR
79 DA SP
79 CNTR
79 SM AG

4/77
1/77

12/79¹
12/79¹
12/79«
12/78«
12/79¹

INTO (P PBAR PI+P I —) /TOTAL ( UNITS 10¹¹—3)
0 6 PERUZZ I 78 SHAG E+E—

p P PB 1-2P I
J/PS I (3100)
533 5. 5

R35
R35 4/78¹

R36 J/PSI (3100) INTO (P PBAR PI+ PI — PIQ)/TOTAL (UNITS 10¹¹—3}
R36 INCLUDING P PBAR PI+ Pl — GAMMA AND EXCLUDING OMEGA, ET A ET A P R I ME
R36 39 1.6 0 ~ 6 PERUZZ I 78 SMAG E+E- p P PB 2PI 4/78« 79 SM AG E+E-, 2 PI 2GAHM A

~ ~ ~

2, 54
2 54

~ 0 ~ ~ ~

0. 5'9
0 64

R37 J/PSI (3100) INTO ( LAMBDA ANTI SIGMiA) /TOTAL (UNITS 10¹¹—3)
R37 (0.15 1 OR LESS CL=O 90 PERUZZI 78 SMAG E+E—

p LAMBDA X
AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0 )
AVERAGE USING STUDENT10(H/1 11) —— SEE MAIN TEXT4/78«

J/PSI (3100) INTO {PI+- A2)/TOTAL
( 0 3043 j OR LE SS CL =0 90 BRAUNSCHW 76 D ASP

J/PSI (3100) INTO (ETA PRIME GAMMA)/(ETA GAMMA)
(7.9) {3 6) PARTRIDGE 79 C NTR E+ E- ~ 3 GAM 2P I 12/79«

R38
R38 R75

R?51/77

J/PSI(3100}
215 Q. QQ

348 0 00

R39
R39
R39
R39
R39 AVG
R39 STUDENT

INTO {QMiEGA P I PI j/TOTAL
78 0 00216 BURMESTER 77 PLUT
68 0.0019 VA NNUCC I 7? SH AG

J/PSI (31001 INTO (X(Z830) GAMMA)/TQTAl p X TQ 2 GAMMA
X (0 3Z } OR LESS CL=Q ~ 90 BART EL 77 CNTR

0 ~ 14 0.04 YAMADA 77 DA SP
(0 ~ 022)OR l ESS CL=Q 90 PARTRIDGE 79 CNTR

I STENCE QF X(2830) I N BARTEL 2 76 DATA IS ONLY 2

( UNITS 10¹¹-3)
E+E—

p 3 GAMMA
E+F-, 3 GAMMA
E+ E-p3 GAH 2PI
STD EFFECT

R76
R76
R76
R?b
R76

E+E-
E+ E-

12!77
1/?7 12/77

12/77
12/79«

3/77
~ 0 ~ ~ p ~ ~ ~ ~

0 0068 0.0019 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 0)
0.00e8 0.0021 AYERAGE UsING sTUDENT10(H/1. 11) -- sEE MAIN TExT

I NTQ (3 GAMMA') /TOTAL (UN ITS 10««-3)
) OR LESS CL=0. 90 BRAUNSCHW 77 DASP
5) OR LESS CL 0 90 PARTRIDGE 79 CNTR

BY US USING TOTAL WIDTH 67 KEV.

R78
R78
R78
R78

J/PSI(3100)
U {0.08

(0.05
U RE- STATED

R40 J/PSI (3100) INTO 2{K+ K-)/TOTAL
R40 0 ~ 00 07 0 ~ 0003 VANNUCC I 77 SMAG

1/77
12/79«

E+E—
p 3 GAMMA

E~E—
p 3 GA M MA

1/? 7

R41 J/PS I (3100) INTO (OMEGA K KBAR)/TOTAL
R41 22 0. 0016 0 0010 FELDMAN 7? SHAG E+E— 12/77 INTO {GAMMA + 2 OR MORE NEUTRALS)/TOTAL

2 ~ 0 BARTEL 77 CNTR
RBQ
RBQ

J/PSI (3100)
7. 0

( UNIT S 10««-3)
E+E- 1/77R42 J/PSI (3103) INTO (PHI K KBAR)/TOTAL

R42 14 0 QQ 18 0.0008 FE LDMAN 7? SHAG

R43 J /P Sl ( 3100) INTO ( PHI E TA) /TOTAL
R43 5 0.00 10 0 ~ 0006 VA NNUCC I 7? SHAG

R44 J/P SI ( 3100 } I NTO ( PHI E TA PRIME } /TOTAL
R44 (0.0013)QR LESS CL=0.90 VANNUCCI 77 SMAG

R45 J/PS I (3100 1 INTO (P HI F PRIME 1/TOTAL
R45 6 0 ~ QQCB 0 ~ 0005 YANNUCC I 77 SHAG

E+E- 12/77 INTO ( F GAMMA) /TOTAL (UNITS 10¹¹-3)
0.7 ALEXANDE R 78 PL UT 0 E+E- 4/78¹
0 ~ 6 BRANDEI IK 78 DASP E+E—

p PI+'P I-GAMMA 4/78«
BY US TQ TAKE ACCOUNT OF SPREAD OF El p M2p E3 TRANSITIONS

~ ~ ~ ~

0 ~ 46 AVERAGE ( ERROR INCLUDES S CAl E FACTOR OF 1 ~ 0 )
0.51 AVERAGE USING STUDE NT10( H/l. 1 1) —— SEE MAI N TEXT

J/PSI (3100)
35 2 ~ 0

T 30 1 2
T RE —STATED

R81
R81
R81
R81
R81
R81
R81

1/?7E+ F. —

~ 0 ~ ~l. 54
1.54

AVG
STUDENT1/77

INTO (F PRIME GAMMA)/TOTAL (UNITS 10¹¹ —3)
) OR LESS CL=Q ~ 90 ALEXANDE 2 78 PLUT E+E —pK+K — GAMHA 4/78«
) OR LESS CL=Q 90 BR AN DE I IK 79 DAS P E+E-p P I+P I-GAMMA 12/79¹
SOTRQPIC PRODUCT IQN AND DECAY OF THE F PR I ME pAND I S CS PIN.

R82
R82
R82
R82

J/P SI ( 3100)
3 {0 23

S 4 (Qr 34
S ASSUM ING I

E+ E- 1/77

J/PSI(
194
234

FROM

3100) INTO (P NBAR PI-)/TOTAL (UNITS 10«¹-3)
2 16 0 ~ 29 PERUZZI 78 SMAG E+E—

p P PI-
Z~Q4 0.27 PE RUZ Z I 78 SHAG E+E— P P I+

ANTI-CHANNEL {PBAR N PI+)

R46
R46
R46 8
R468
R46
R46 AVG
R46 STUDENT

4/78¹
4/78« INTO (P PBAR GAMMA) /TOTAI (UNITS 10¹¹—3)

QR L ES S CL=0 ~ 90 PERUZZ I 78 SiMAG E+E p P PB SHOWER 4/78«
J /P SI ( 3100)

(0.11
R84
R84

o ~ e

2.10
2. 10

~ ~ ~ ~ ~

0 20 AVERAGE (ERRQR INCLUDES SCALE FACTOR OF 1 0)
0.2 I AVERAGE USING STUDENT10{H/1 11) —— SEE MAIN TEXT

70 J/PSI( 3100) G( I }«G(E+E-) /G(TOTAL) (KEV)R4? J/PSI (
R4? I 9?
R47
R47
R47 AVG
R47 STUDENT

I NTQ ( P P BAR ETA) /TOT AL (UNITS 10¹«-3 }
0 ~ 4 PERUZZI 78 SHAG E+E—pP PB 0—2PI
1 ~ 2 BRANDEiLI K 79 DA SP E+ E-

3100)
2 ~ 3
2 5

4/78¹
12 /79¹ THIS COMBINAT ION OF A PARTIAL WIDTH WI TH THE PARTIAL WIDTH!NTQ E+E—. AND WITH THE TOT AL W IDTH IS OBTA INE0 FROM THE INTEGRATED

CROSS—SECTION INTO CHANNEL( I ) IN THE E+E- ANN!HILATICN.
WE QhlLY LIST DATA NOT HAVING 8EFN USED TO DETERMINE THE PARTIAL
WIDTH G ( I ) OR THE BRANCHING RATI Q G( I ) /TOT AL ~

~ ~ ~

2. 32
2 32

~ ~ ~ ~ ~

0.38 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 0)0.41 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE HAIN TEXT

R48
R48

J/PS I {3100 ) INTO {P P BAR OMEGA ) /TOTAL ( UNIT S 1 0¹¹—3)
77 1 6 0.3 PERUZZI 78 SMAG E+E—

p P. P B 1-ZP I
Gl
Gl
Gl
Gl
Gl
Gl
Gl
Gl
Gj

G(E+E-)
S

S
S

~ ~

AVG
STUDENT

/G {TOTAL)
( ~ 07).14
( ~ 09)
( ~ 10)
0.02

«G(E+E —)
( ~ 32).34(.34)(.36)
0.35

4/78¹ E+E-
E+ E-
E+E—
E+ E-
E+E—

BA LD IN I 1 75 F RAG
BEMPORAD 75 FRAB
ESPQSITO 75 FRAN
FORD 75 SPEC
BRANDEL IK 79 DA SP

1/76
1/76
1/76J/PSI (3100} I NTQ (KCS K+- PI-+)/TOTAL

126 0. 0026 0 ~ 0007 VANNUCCI 77 SMAG
R49
849 E+E- 1/77

12/79«R50
R50

J/PSI (3100} INTO (PHI F 1/TOTAL (UNITS 10¹&—4){3.7) OR LESS CL=0. 90 VANNUCCI 77 SHAG
0 4 ~ ~

0 ~ 350
Q. 350

~ ~

0.020
0.021

E+ E- 1/77 AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/ l, ll) -- SEE MAIN TEXT
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Data Card Listings
For notation, see key at front of Listings.

Me sans
J/+(3100), g(3416), g(3456), P, or g(3610)

G (MU+MU —) ¹G
~ 31

( ~ 32
~ 51

( ~ 38
l 46

G2
G2
G2
G2
G2 5
G2 5
G2
G2 A VG
G2 STUDENT

~ ~ ~

0, 41
0 41

( E+ E-) / G (TOT AL )
F 09

) ( ~ 08)
F 09

) ( 05)
) ( ~ 10)

BEMPGRAD 75 FR AB
CR IEGEE Z 75 PLUT
DASP I. 75 DAS P
ESPQSI TO 75 FRAM
L I BERHAN 75 SP EC

E+E-
E+ E-
E+ E-
E+ E-
E+ E-

1/76
1 /76
1/76
1/76
1/76

~ ~ ~ ~ ~

0 10
0 0 ~ 079

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 6)
AVERAGE 'JSING STUDENT10(H/1411) -- SEE MAIN TEXT

G3 G {HADRCNIC) ¹G( E+E-)/G(TOTAL )
G3 5 (4 ' ) ( s8} BALD I Nl1 75 F RAG
G3 5 (3 9) ( ~ 8) ESPDSITO 75 FRAM

E+E-
E+ E-

1/76
1/76

G 5 SEE THE BRANCHING RATIOS AND PARTIAL WIDTHS ABOVE

P1
P2
P3
P4
P5
P6
P7
PB
P9
P10
P11

CHI ( 3415)
CHI {3415)
CHI ( 3415)
CHI ( 3415 )
CHI ( 3415)
CHI (3415)
CHI {3415)
CHI (3415}
CHI ( 3415 )
CHI (3415)
CHI ( 3415}

56 CHI ( 341 5} PARTIAI DECAY MODES

INTO PI+ PI-
INTG K+ K-
I NTO 2( PI+ PI-)
INTO 3(PI+ PI-)
I NTO P I+ P I — K+ K-
INTO J/PS I (3100) GAMMA

I NTO 2 GA MMA

I NTO Pl+ PI — P PSAR
INTO RHQO PI+ P I-
I NTO K¹ (892)0 K+/ — PI-/+
I NTO P PBAR

139+
3097+

0+
139+
776+
89 2+
93 8+

139+ 493+ 493
0
0

139+ 9 38+ 938
139+ 139
493+ 139
938

DECAY MA SSE S
139+ 139
493+ 493
139+ 139+ 139+ 139

CHRIST EN 70 PRL 25 1523

REFERENCES FOR J /P SI (3100)

CHRI STEhlSOhls HICK Ss LEDERMAN+ (COLU+BNL+C ERhl)

56 CH I (3415) BRANCHING RATIOS

Rl CHI (3415} INTO ( 2 GAMMA ) /TOTAL
Rl T {Oe 0018)OR LE SS CL=O ~ 90 YAMADA 77 DA'SP E+ E s 3 GAHMA 12/77

ABRAMIS
ASH
AUBERT
AU GUST I N

BACC I
ALSO

BALD I NI-
BARBI ELL
BRAUNSCH

74 PRL 33
74 NCL 11
74 PRL 33
74 PRL 33
74 PRL 33
74 PRL 33
74 NCL 11
74 NCL 11
74 PL 53B

1453
705
1404
1406
1408
16 49
711
718
393

+BR IGGS ~ AUGUSTINs BOYARSKI+ (LBL+SLAC)
+ZORNs BART OL I+ ( FRAS+UMD+NAPL+PADO+R QMA )
+SECKERsSIGGSs BURGERsCHENs EVERHART (MIT+BNL)
+BOYARSKI s ABRAM Ss BRIGGS+ ( SLAC+ LB L )
+BARTOLI, BARBAR INGs BARBIE{.L Ihll+ ( FRASCATI )
FOR E RRA TA
BALD INI-CELIO BACC I+ ( FRASCATI+RQMA)
BARBIE LLINI 3 BEMPORAD+ ( FRAS+NA PL+P IS A+ROHA )
BRAUhlSCHWE IG+ {AACHE M+HA MB+ MUNICH+TOKYO)

R2 CHI (3415) INTO 2 ( PI+ PI-)/TOTAL
R2 T ~ 046 009 TANENBAUM 78 SMAG PSI (3685)TO GAM CHI 1Z/78¹

R3 CHI (3415) I NTO (PI+ PI- K+ K- )/TGTAI.
R3 T ~037 009 TANENBAUH 78 SMAG PSI(3685)TO GAM CHI 12/78¹

R4 CHI( 3415} I NTO 3( PI+ PI -) /TOTAL
R4 T ~ 019 4007 FELDMAN 77 SMAG PSI ( 3685) TO GAM CHI 12/77

Ah}DREHS
AUBERT
BACCI
BALD INI1
BALDI NI 2
BEMPORAD
BLANAR
BO YARSK I
BR AU NS C H

SU SSER
CA HER IN I
CR IEGEE1
CR IEGEE2
DAKIN
DASP1
DASP 2
ESPCSITG
FORD
GITT ELMIA
GRECG
HE INTZE
JACKSON
KNAPP1
KNAI P2
LIBERMAN
MART IN
PREPCST
SIMPSON
WIIK
YENNI E

75 PRL 34 231
75 NP 8 89 1
75 NCL 12 269
75 PL 588 471
75 PL 588 475
75 STANFORD SYMP ~ 113
75 P RL 35 346
75 PRL 34 1357
75 PL 538 491
75 PL 56 8 482
75 PRL 35 483
75 PL 538 489
75 DESY PREP ~ 75/32
75 PL 56 8 405
75 P L 56B 491
75 PL 57B 297
75 NCL 14 73
75 PRL 34 604
75 PRL 35 1616
75 P L 568 367
75 STANFORD SYMP ~ 97
75 hl IM 128 13
75 PRL 34 1040
15 PRI 34 1044
75 STANFORD SYMP ~ 55
75 P RL 34 288
75 STANFORD SYMP 241
75 PRL 35 699
75 STANFORD SYMIP ~ 69
75 P RL 34 239

+HAR VEYs LOBKOHICZ s MAY s NORDBERG {RGCH+C CRNI
+BFCKERs SIGGSs BURGERs GLENNs+ ( MI T+8NL )
+PENSQsSTELLAs BALDINI-CELIOs+ (ROMA+FRAS )
BALD IN I-CELIO BOZZO CAPON SACC I+(FRAS+RCMA)
BALDI NI-CEL IOs CAPONs DEL FABBRO+ {FRAS+RGMA)
C SEHPORAD {PI SA+FRASC AT I )
+BOY ERs FAISSLERs GARE LICKsGETTNERs+ I NEAS)
+BRE I DENSACH s BULOS s F ELDMANs+ (SL AC+I BL ) J PC
BRA UNSCHWE IG+ ( AAC HE hi+HAMS+ MUhll CH+ TOKYO)
+BLUMENFELDs BANNERs+ (CERN+COLU+ROCK+SACL )
+L EA RNED s P RE PG ST s A SH 3 A NDE RSON 3 + ( W I S C+ S LAC )
+DEHNEs FRANKEr HORL ITZsKRECHLGCK+ {DESYI
+DEHNE sFOX sF RAP!KE 3 HORL IT Zs KNI ESs+ (DESY )
+KRE I 5LERs BCLCN 3 HE I LE+ (MASA+MI T+SLAC )
BRAUNS CHHE IGs KQN IGSs + {AACH+DE SY+MPI M+TOKY )
BRAUNSCHWE IG 3 KONI GS I+ I AACH+DESY+MPIM+T CKY )
+BAR TCL Is B ISELI.Os+ ( FRAS+NAPL+PADO+ROHA)
+BERON s HI{.GERs HOF STADT E R+ {SLAC+P ENN )
G I TTELMAN+HANSON+ LARSON+LOH+ I CCRN)
+ PAN CHER I-SR IVASTA VA s SR IVASTA VA ( F RAS)
J4HEINTZE ( HE IDEL 8 ERG )
J ~ D JACKSON 3 D ~ SCHARRE (LBL}
+L'EE sBRONSTEIN+ (COLU+HAHA+CQRN+ILL+FNAL )
+I EE sBRGNSTE IN+ (C QLU+HAWA+CORN+ IL L+F NAL )
A ~ D ~ LIBERMAN ( STANFORD )
+SOLON s DAKI NsFELDMANs HANSON+(MIT+MAS A+SLAC )
R 4PR EPOST ( HI SCGNSI N)
+B ERQN FORD HILGER HOFSTADT E R + ( S TAN+P ENN )
B H HI IK (DESY)
D ~ R.YENNIE l CORNELL )

CHI (3415) INTO
01

0 ~ 008

R5
R5 T
R5 T
R5
R5 AVG
R5 STUD EiN T

( Pl+ P I- ) /TOTAL
~ 003 FELDMAN

0 ~ 003 SRANDEL2
77 SMAG P SI l 3685) TO GAM CHI 12/77
79 GASP PSI (3685)TO GAM CHI 12/79¹

~ ~ 0 ~ ~ ~ ~ 4 ~

0 ' 0090 040021
0 0090 0 0023

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TFXT

R7 CHI (3415) I NTO ( PI+ PI — P PBAR) /TOTAL
R7 T 006, .002 TANENBAUM 78 SHAG P SI ( 3685 }TO GAM CHI 12/78¹

RB CHI ( 3415) I NTO {
R8 T 0 ~ 042
R8 T 0 ~ 03
R8 T 0 ~ 019
RB T 0 042
R8 T 29 ( 0 ~ 007) OR
R8 ~ ~ ~ ~ ~ ~

R8 AVG 0, 0268
R8 STUDENT 0 ~ 027

J /P SI (3 100) GAMMA) / TOTAL
0 022 BIDDICK 77 CNTR PSI(3685)TG GAM CHI
0 ' 03 F ELDMAN 77 SMAG P5 I ( 3685) TO GAM CH I
04012 SARTEL 78 CNTR PSI(3e85}TO GAM CHI
0 ~ 028 BRANDEL1 79 DA SP PSI l 3685) TO GAH CHI
LESS CL=O 90 PARTRIDGE 79 CNTR PS I (3685)TO GAM CHI
~ 0 ~

0 ~ 0094 AVERAGE. (ERROR INCLUDES SCAL E FACTOR OF 1 ~ 0)
0 ~ 010 AVERAGE USI NG STUDENT10(H/1 11) -- SEE HAIN T

12/77
12/77
4/78¹

12 179¹
12/79¹

EXT

R9 CHI {3415} INTO (RHOO PI+ PI-)/TOTAL
R9 T 4 018 ~ 006 TAhlE NBA UM 78 SM AG P S I ( 3685 ) TO G AM CHI 12/78¹

R10 CHI ( 3415) ' I NTO ( K¹ ( 892) 0 K+ — PI- +) /TOTAL
R10T ~ 015 ~ 005 TANENSAUM 78 SNAG P SI ( 3685) TQ GAM CHI IZ/78¹

R6 CHI( 3415) INTO ( K+ K-) /TGTAL
R6 T 01 003 F ELDHAN 77 SHAG P SI ( 3685) TQ GAM CHI 12/77
R6 T 0.007 04003 , BRANDE'L2 79 DA SP P S I ( 3685) TO GAH CH I 12/79¹
R6 ~ ~ ~ ~ ~ ~ ~ ~ ~

R6 AVG 0~0085 0 ~ 0021 AVERAGE l ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
Rb STUDENT 0 ~ 0085 0 ~ 0023 AVERAGiE USI NG STUDENT 10 (H/ 1 ~ 1 1 } SEE MAIN TEXT

ANT I POV 76
BACC I 76
BART EL 1 76
BRAJNSCH 76
BU 55 ER 76
J E AN-MAR 76
PI ERRE 76
SNYDER 76

TSIL IS I CONF ~ N 8
LNF-76/60 (P)

PL 64 8 483
PL 63 8 487
NP 8 113 189
PRL 36 291
SACL AY-DP HP E76—2 1
PRL 36 1415

+BESSUSGVs BUDANOVs BUSHNINsDENI SQVs+ ( SERP)
+BAL D I N I-C EL I Os C APON+ ( FR AS+ROMA+G ENO)
+DUI NKER sGLSSCNs STEFFEN sHEI NTZ E+ {DESY+HEID)
BRAUNS CHW E I Gs + ( A AC H+ DES Y+HA MB+HPI M+ TQKY )
+BLUMENFE LD3 SANNERs+ (CERN+COI U+ROCK+S ACL )
+ABRAM Ss BOYAR SKI sBRE I DENBACH 3+ ( SLAC+ LBL ) I G
F PI ERRE (SL AC+I BL )
+HGM sLEDERMAN sA P PE L3 KA PLAN+ l CGLU+F NAL+S TON)

Rll CHI(3415) INTO (P PBAR) /TOTAL {UNITS 10¹¹-4)
R11T (0~ 95 ) OR LESS CL=O ~ 90 BR ANDEL 1 79 DASP P SI ( 3685) TO GAM CHI 12/79¹

R T CALCULATED USING PSI (3685} TO (GAMMA CHI(3415) I/TOTAL= 075
R T THE ERRORS DO NOT CCNTAIN THE UNCERTAI NTY IN THE PS I (3685) DECAY ~

-BARTEL
SI DDICK
SRAUNSC H

BURIN EST E
CGRD EN
F ELDMAN
VANNUCC I
YAMADA

77 PL 66 B 489
77 P RL 38 1324
77 DE SY 77/02
77 PL 72 8 135
77 PLe8 89e
77 PL 33 C 285
77 ~R D 15 1814
77 H AHB CONF P ~

AL EXANDE 78 PL 72 B 493
BESCH 78 PL 78 8 347
BRANIDEL I 78 PL 74 8 292
PERJZZI 78 PR D 17 2901

+OUI NKER3 OLSSCNs HE INT ZE 3+ I DESY+HEID)
+BURNETT+ (UCSD+UMD+PA VI+PRIN+SLAC+STAN)
BRAUNS CHHE IGs + ( AACH+DESY+HAMB+MPI M+TQKY)
BURME STER s CRI EGE E 3+ {DESY+HAMS+5 IEG+HUPP )
+DOWEL L 3+ ( B IR M+CERN+HP I M+NE UC+ EPQL+RHEI )
+PERL (LBL+SLAC )
+ABRAM Ss AL AM s BOYAR SKI s+ (SLAC+LBL)

69 YAHADA (DESY+TOKY)

ALEXANDERs CRIEGEE 3+ ( DESY+HAMB+SIEG+WUPP)
+ E I S ER HANN 3 KQHAL SKI 3 V EYSS+ ( BONN+DES Y+MANZ )
B RANCE L I K 3 CORDS+ I AACH+ DE 5 Y+HA MB+MP I M+T GKY )
+P I C CC LOs A L AMs BC YARSK I s GOL DHA8 ER+ l 5 LAC+ LB L I

8IDDICK 77 PRL 38 1324 +8 URNE TT+
FELDMAN 77 PL 33 C 285 +PERL
YAMADA 77 HAMB 4 CONF ~ P 69 YAMA DA

( UC SD+UMD+ FA VI+ PR I N+S LAC+STAhl)
( LBL+ SLAG )

{DESY+TOKY )

BARTEL 78 PL 79 8 492
TANENBAU 78 PR 0 17 1731

DITTHANNs DUINKERs OLSSGNsG&NEILL+( DESY~HE ID)
TANE NB AUN s ALAN s BOYAR SKI s+ (SLAC+LBL)

REFERENCES FOR CHI {3415)
I

F EL OMAN 75 PRL 35 821 +JEAN-MARIE s SADOULETs VANNUCCI s+ (LBL+SI AC)
ALSO 75 PRL 35 1189 (ERRATA)

TANENBAU 75 PRL 35 1323 TANENBAUM HHITAKER ABRAMS + ( LSL+S LAC )
HI IK 75 STANFORD SYMP ~ 69 8 H. HI IK ( DE5Y )

SARAT E 79 PREP. DPHPE 79-17+BAR EYREs BQNAMI s+ ( SAC L+LCIC+SHMP+I ND)
BRANDFLI 79 ZPHY C 1 233 BRAN DEL IK s CORDS s+( AACH+DESY+HAMB+MPI M+TOKY )
K IRK 79 PRL 42 619 +GOODHANsALVERSGNs+{FNAL+HARV+ILL+OXF+TUFT)
PARTRIDG 79 SLAC-PUB 2430 PART RIOGEs PECKs + (CIT+HARV+PR IN+SLAC+STAN)

AL SO SLAG-PUB 2425 PARTRIDGEsPECKs+ (CIT+HARV+PRIN+SLAC+STAN)
SCHARRE 79 SLAC-PUB-2321 D L ~ SCHARRE {SLAC+LBL)

ALSO 79 LBL 9502 ABRAMS s ALAMs BI.QCKERs BOYARSKI s+ l SLAC+LBL I

BRANDEL1 79 ZPHY C 1 233
BRANDELZ 79 NP 8 160 426
KI RK 79 PRL 42 619
PARTRIDG 79 SLAC- PUB 2425

¹¹¹¹¹¹¹¹¹

BRANDE LI Ks CCRDS 3+ ( AACH+ CESY+HA MB+M P IM+T CKY )
BRA NDE L I K s CORDS s+ ( AAC H+ DE SY+HA MB+ MPI M+TCKY )
+GQODMANs ALV ERSQNs+( FNAL+HARV+ ILL+OXF+TUFT)
PARTRIDGE s PECKs+ (CI I+HA RV+PR IN+S LAC+STAN)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹IIC¹¹

OBSERVED IN THE RADIATIVE DECAY OF PS I (3685 ) INTO
CHI(3415) GAMMA4 THEREFGRE C=+ ~ THE OBSERVED DECAY I NTQ PI+ PI-
CR K+ K- I MPLI ES G=+s JP~D+s 2+3 . ~ THE ANGULAR DISTRIBUTION
I S CGNSI STENT HI TH J=04 JP ABNORMAL EXCLUDED BY PI+ PI — AND
K+ K- DECAYS JP=O+ PREFERRED (FELDHAN 77) ~

56 CHI (3415) MA SS ( ME V)

M W

Z

M

M M

M W

H Z

M

~ ~ ~ ~

AVG 3413~ 9
STUDENT3413. 8

AVERAGE ( ERROR INCLUDES SCALiE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

4 ~ 3
4 ~ 6

2 3412 ~ 0 8 ~ 0 Wl I K 75 DAS P E+E-s J/P 5 I 2 GAM 1/77
3413 0 9.0 BIDDICK 77 CNTR E+E-s MONQCHR ~ GAH 3/77
342040 13 ~ 0 BART EL 78 CNTR E+E-s J/P SI 2 GAM 4/78¹
3414~ 0 7 0 TANENBAUM 78 SM AG E+ E- 12/78¹

FROM A S IMULT ANEOU S F IT TO RA DIAT IVE AND HADRCNIC DECAY CHANNELS
ERROR INCREASED 4 MEV TO CORRECT FOR ENERGY CALI BRAT ION
ERROR INCREASED 3 HEV TG CORRECT FOR P SI (3685) MASS ERROR

WHITAKER 76 PRL 37 1596
HI IK 76 TBIL I SI CONF N75
BART EL 78 PL 79 8 492
PART R ID G 79 SLAC- PUB 2425

REFERENCES FOR CHI(3455)

+TANENBAUMs ABRAMSs ALAMs BOYARSK Is+( SLAC~LSL)
8 H ~ WI I K RAPPORTEUR (DESY )
+DITTHANNs DUINKERs GLSSONs ONE ILI + (DESY+HEID)
PARTRIDGEs PECKs+ {CIT+HARV+PRIN+SLAC+STAN )

p or g(35 10) 55 PC OR CHI 13510,JPG= +I I=a
C

OBSERVED IN THE RADIATIVE SEQUENTIAL DECAY
OF THE P SI (3685) INTO PC GAHMA 3 PC, I hlTG
J/PS I {3100) GAMMA ~ THER EFOREs C=+

THE LACK OF DECAYS INTO PI+ PI — QR K+ K- I S SUGGEST I VE GF
JP = ABNORMAL ~ THE DECAYS INTO 4PI AND 6P I IMPLY G~+ s THUS I = 0 ~

J=O I S E XC LUDED 8 Y THE ANGULAR DIST RI BUT ION I N THE ( GAMHA J/ PS I )
DECAY JP=1+ PREFERRED (FELDMAN 77)

y(3455) 58 cHI13455 JPG= I I-
I

OBSERVED IN THE CASCADE RADIATIVE DECAY OF PSI (3685)
INTO CHI (3455) GAMHAs CHI (3455 } INTO J/P SI(3100} GAMMA

(HHITAKER 76)s THEREFORE C=+ ~ NQT SEEN IN HADRON IC
MIODES. NOT S EEN IN OTHER EXP ER IMENTS I OGKIhlG CNLY FOR MONOCHRCMATI C
PHOTONS (SARTEL 78} ~ NOT SEEN BY THE CRYSTAL BALL (PARTRIDGE 79)
WITH SUPER IOR ST AT I ST I CS OH ITTED FROM TAB LE ~
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S158 Particle Data Group: Review of particle properties

Me sons
P or y(351Q), y(355Q)

Data Card Listings
For notation, see key at front of Listings.

55 PC MASS (HE V)

M

M

M

M

M

M

M

M

40(3500 ~ )
W 7(3512~ 0)

(3510 0)
3511~ 0

Z 3505 ~ 0
M 3503 ~ 0

21 3509~ 0
15 (3520 ~ )

~ ~ ~ » ~

AVG 3506 7
STUDENT3506 ~ 7

(10 ~ )
(7 ~ 0)

(20 ~ 0)
7.~ 0
6.08.0

11 0

3 ~ 7
4 ~ 1

TANENBAUM 75
WI IK 75
BAR TEL 76
BI DDICK 77
BARTEL 78
T ANENBAUN 78
BRA NDE L2 79
LEMO IGNE 79

SHAG
DASP
C NTR
CNTR
CNTR
SHAG
DASP
SPEC

HADRGNS GAM
E+E-g J/ PS I 2 GAM
E+E-y J/P SI 2 GAM
E+E—,HONOCHR GAH
E+E-g J/PS I 2 GAH
E+ E-
E+E-g J/PS I 2GAM

0 150 PI —BE g2MU

12/77
1/77
1/77
3/77
4/78¹

12/78¹
12/79¹
12/79¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

M M

M W

M Z

FROM A S I MULT Ah}EOU S F IT TO RA DIAT I VE A ND HADRCNI C DECAY CHANNELS
INCREASED 4 MEV TG CORRECT FGR ENERGY CALI BRAT IGN
ERROR INCREASED 3 HEY TO CORRECT FGR PSI (3685) MASS ERROR

DASP 75
FELDMAN 75
HE INTZE 75
SI MP SON 75
TANENBAU 75
WI IK 75

Pj 57B 407
STANFORD SYMP ~ 39
STANFQRD SYHP 97
PRL 35 699
PRL 35 1323
STANFORD SYMP 69

REFERENCES FOR PC

BRAUNSCHWE IG KONI GS + ( AACH+DE SY+MPIM+TGKY)
G ~ J ~ FELDHAN (SLAC)
J HE INTZE ( HE IDE LBERG)
+BERONT FOR Dt HIL G ER ~ HOF STADT ERv + ( STA N+ P ENN )
TANENBAUHg WHI TAKER SABRA HSg+ {LBL+SLAC)
B»H»W I IK ( DESY)

BART EL 76 T BIL IS I CONF ~ N75 +DUINKER GLSSON HE INTZE + ( DE SY+HEI D )

BART EL 78 PL 79 B 492
TANENBAU 78 PR D 17 1731

+DI TTMANNs DUINKER~ OLSSGNyGNEILL+t DESY+HEID)
T ANENBAUNg

ALAMO'

BOYAR SK I y+ (SLAC+LBL }

BART EL 77 DESY 77/70 +DI TTHANNg FRI TSCHERs HEI NTZE p+ ( DESY+HEID)
BI DD ICK 77 P RL 38 1324 +BURNETT+ (UCSD+UMD+PAVI+PR IN+SLAC+STAN)
FELDHAN 77 PL 33 C 285 +PERL ( LBL+S LAC )
YAMADA 77 HAHB ~ CONF P 69 YAMAOA ( DE SY+ TQKY }

Pl
P2
P3
P4
P5
P6
P7
PB
P9
Plo
Pll
P12

PC I NT C

PC INTO
PC INTO
PC INTO
PC INTC
PC I NT C
PC INTO
PC INTO
PC INTO
PC INTO
PC I NTG
PC INTO

55 PC PARTIAL DECAY MODES

J/P S I (3100) GAMMA
P I+ P I—
K+ K-
GAMj A GAMMA

2( PI+ PI —)
3(P I+ PI-)
PI+ PI- K+ K-
P I+ PI — P P BAR
RHOO P I+ P I-
K¹( 892) 0 K+/- P I —/+
PI+ PI — X(2830)
P PBAR

DECAY MASSES
3097+ 0

139+ 139
493+ 493

0+ 0
139+ 139+ 139+ 139

139+ 139+ 493+ 493
139+ 139+ 938+ 938
77 6+ 139+ 139
892+ 493+ 139

93 8+ 938

BRANDELl 79 ZPHY C 1 233
BRANDEL2 79 NP B 160 426
KI RK 79 PRL 42 619
LE hjQI GNE 79 0 PH PE 79-16
PARTRIDG 79 SLAC-PUB 2425

BRANDEL IKg CORDS ~ + ( AACH+ DESY+HA MB+ MPI H+T CKY)
BRANDELIKgCGRDSg+(AACH+DESY+HAMB+MPIM+TOKY )
+GOODMANgALVERSQN g+(FNA(+HARV+ILL+CXF+TUFT)
+ABOLINSg BARATEg + {SACL+LG IC+SHMP+ IND )
PARTRI DGE ~ PECK v+ ( CI T+ HARV+PR IN+S LAC+ST AN )

57 C

HI�

( 3550' J PG= +) I=O

OBSERVED IN RADIATI VE DECAY OF PS l(3685) Ih}TG
CHI ( 3550 ) GAMMA ~ THEREFORE C++ ~ THE OB SERVED DECAY INTO 4P I
AND 6P I I HPLY G=+ g THUS I =0 ~

J=O IS EXCLUDED BY THE ANGULAR 0 ISTR IB'UTION IN THE HADRGNIC
DECAYS, JP ABNORMAL EXCLUDED BY PI+ P I- AND K+ K- DECAYS.
JP=2+ PREF ERRED ( FELDMAN 7?)

55 PC BRANCHING RAT IOS
57 CHI (3550) MASS, (MEV)

Rl PC INTO ( J/
Rl T 0. 70
Rl T 0 ' 35
Rl T 0. 34
Rl T 0 24
Rl T 1027 (0 ~ 29
Rl ~ ~ ~ ~

Rl AVG 0.31
Rl STUDENT 0 ~ 31

PS I(3100 ) GAMMA}/TCTAL
0 ~ 21 BIDDICK 77 CNTR PSI (3685)TQ GAM PC 12/77
0 ' 06 BARTEL 78 CNTR PSI ( 3685} TG GAH PC 4/78¹
0»11 TANENBAUM 78 SHAG PSI (3685 } TG GAM PC 12/78¹
0 ~ 06 BRANDEL 1 79 DA SP P SI ( 3685) TG GAH CHI 12/79¹

) (0.05) PARTRIDGE 79 CNTR PSI( 3685) TO GAM PC 12/79¹
~ ~ ~ » ~

5 0 052 AVERA GF ( ERROR INCLUDE S SCALE FACTOR OF 1 ~ 3 )
5 0. 046 AVERAGE USING STUDENT 10 ( H/ 1 11) —— SEE MA IN TEXT

( SEE IDEOGRAM BELOW )

M

M

H Z

M }t M

M

H

H AV
H ST

(3550 ~ 0)
4(3543 ~ 0)

(3561» 0)
3551 ~ 0
3551~ 0

15 3551 0.
» ~ ~ ~ »

G 3551 0
UDENT3551» 0

(10 ' 0)
(10 0)
(7.0)

7 ~ 0
8 0

11 0
~ ~ ~ »

4. 85.1

TR ILL Ih}G
WH ITAKER
8 I DDICK
BART EL
TA NENBAUM
BRANDEL2

76 S MAG

76 SMAG
77 CNTR
78 CNTR
78 SNAG
79 DA SP

E+E-y HADRGNS GA M

E+E-p J/P SI 2 GAM
E+ E- g MONOC HR GA M

E+E-gJ/P SI 2 GAM
E+ E-
E+E-gJ/PSI 2GAM

1/77
1/77
3/77
4/78¹

12/78¹
12/79¹

A VERAGE (ERROR INCLUDE S SCALE FACTOR QF 1 0 )
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE HAIN TEXT

WEIGHTED AVERAGE = 0 .315 + 0 .052
ERROR SCALED BY 1.3

M

M

M Z

FRQM A S IHULTANEGUS F IT TO RADI ATI VE AND HADRCNIC DECAY CHANNELS
INCREASED 4 HEV TO CORRECT FOR ENERGY CALIBRATION
ERROR INCREASED 3 HEV TO CORRECT FOR PSI (3685 } MASS ERROR

57 CHI (3550 ) PART I AL DECAY MODES

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pll

CHI (3550)
CHI(3550)
CHI (3550 )
CHI ( 3550)
CHI (3550)
CHI {3550)
CHI {3550)
C HI (3 550)
CHI ( 3550)
CHI(3550 )
CHI (3550)

INTO
INTO
INTO
I NTO
INTO
I NTQ
I NTO
I NTO
INTO
INTO
I NTO

PI+ PI-
K+ K-
2(PI+ PI —)
3( PI+ PI -)
P I+ P I- K+ K-
J/PS I t 3100) GAMMA
2 GAMMA

P I+ PI— P P BAR
RHO0 PI+ P I—
K¹(892)0 K+/- PI-/+
P PBAR

139+
3097+

0+
139+
776+
89 2+'
938+

139+ 493+ 493
0
0

139+ 938+ 938
139+ 139
493+ 1 39
938

DECAY HA SSE S
139+ 139
493+ 493
139+ 139+ 139+ 139

0.0 O. B

CHISQ
. BRANDEL1 79 DASP 1 .5
TANENBA{jM 7El SMAG: 0 .1
BARTEL 78 CNTR 0.3
BIDDICK 77 CNTR 3.4

5.3
(CONLEV1.2 =0 .150)

PC INTO ( J&PSI (3100) &AMMA) iT(jTAL

57 CHI ( 3550 } BRANCHING RATI GS

Rl CHI (3550) INTO (2 GAMMA }/TOTAL
Rl T (0.0006) OR LESS CL=O 90 YAMADA 77 GASP E+ E-g3 GAMMA 12/77

R2 CHI (3550) I NTG 2 ( Pl+ PI —) /TOTAL
R2 T » 024 ~ 006 TANENBAUM 78 SHAG PSI (3685)TO GAH CHI 12/78¹

R3 Col ( 3550} I NTO ( P I+ P I- K+ K- )/1 QTAL
R3 T ~ 02 1 »006 TANENBAUM 78' SHAG PSI t 3685) TQ GAH CHI 12/78¹
R4 CHI(3550) IhjTO 3( PI+ PI-)/TOTAL
R4 T 013 . 008 TANENBAUH 78 SMAG PSI ( 3685) TO GAM CHI 12/78¹

R2
R2 T
RZ T

PC Ih}TO ( PI+PI — AND K+K —) /TOTAL
(0 0021 ) OR LE SS FELOMAN 77 SHAG PSI (3685} TG GAH PC 12/77
(0.0046 } OR LESS CL=O 90 BRANDEL2 79 DASP

PSI�(
3685) TD GAM CHI 12/79¹

R5 CHI ( 3550) INTO ( PI+ PI- AND K+ K- )/TOTAL
R5 T ~ 0027 ~ 0011 TANENBAUM 78 SMAG PSI(3685) TO GAM CHI 12/78¹

R6 CHI (3550 ) INTO (P I+ P I- P P BAR )/TOTAL
R6 T 0037 ~ 0014 TANENBAUM 78 SMAG PSI(3685)TO GAH CHI 12/78¹

R3
R3 T

R4
R4 T

R5
R5 T

R6
R6 T

PC INTO t GAMMA GAMMA)/TOTAL
(0.0319}OR LE SS Ci =0.90 YAMADA 77 DASP E+ E-, 3 GAMMA 12/77

PC I NTC 2 (PI+ PI-)/TOTAL
~ 020 ~ 006 TANENBAUM 78 SMAG PSI (3685) TG GAH PC 12/78¹

PC INTO 3( PI+ PI —) /TOTAL
, 027 .011 TANENBAUM 78 SMAG PSI(3685) TO GAM PC 12/78¹

PC INTC ( PI+ PI — K+ K-) /TOTAL
-011 .004 TANENBAUM 78 SMAG PS I ( 3685 ) TO GAM PC 12/?8¹

CHI (35R7
R7 T
Rj T
R7 T
R7 T
R7 T
R7 T 531
Rj
R7 AVG
Rj STUDENT

50) I NTQ
0» 31
0 ~ 14
0 13

~ 14
0 ~ 20

( 0» 16)

( J/PS I
0 ~ 14
0 03
0 ~ 14

~ 08
0,06

(0 ~ 04)

(3100) GAMMA)/TOTAL
BI DDICK
BARTEL

0 07 SP ITZER
TANENBAUM
BRANDEL1
PARTRI DGE

77 CNTR PSI(3685)TO
78 CNTR PSI {3685)TO
78 PLUT PS I ( 3685 ) TQ
78 SMAG PSI(3685)TO
79 DA SP P SI ( 3685) TG
79 CNTR PSI(3685}TO

GAH CHI
GAM CHI
GAM CHI
GAM CHI
GAH CHI
GAH C HI

12/77
4/78¹

12/78¹
12/78¹
12/79¹
12/79¹

0 154
0» 154

~ » ~ ~

0 024
0.027

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

Rj
R7 T

RB
RB T

R9
R9 T

Rll
Rl 1 T

PC INTO (P I+ PI — P PBAR)/TOTAL
0017 ~ 0011 TANENBAUH 78 SMAG P SI( 3685) TO GAM PC 12/78¹

PC INTO ( RHOO P I+ P I- )/TOTAL
0048 , 0040 TANENBAU M 78 5 M AG PS I ( 3685) TO CAM PC 12/78¹

PC I NT C ( K¹ (892 )0 K+ — P I— +)/TOTAL
0038 ~ 0024 TANENBAUM 78 S MAG PSI (3685 ) TO GAM PC 12/78¹

PC I NTC ( P PBAR) /TOTAL
(0.00 14)OR LE SS C L= 0. 90 BRANDEL2 79 DA SP P SI ( 3685 }TO GAM CHI 12/79¹

R9
R9

R10
R.l OT

Rll
R11T

CHI (3550) INTO (iRHOO PI+ PI —)/TOTAL
0074 0042 TANENBAUM 78 SMAG PSI(3685)TO GAH CHI 12/78¹

CHI ( 3550) I hjTG ( K¹( 892) 0 K+ — P I- +) /TOTAL.0052 0031 TANENBAUM 78 SMAG PSI(3685) TQ GAM CHI 12/78¹

CHI (3550) INTO ( PI+ PI- ) /TOTAL ( UNI TS 10¹¹-31 ( Pl )
4 2»1 1 ~ 1 'BRAhjDELl 79 GASP PSI( 3685)TO GAH CHI 12/79¹

CHI(3550) INTO (K+ K-)/TOTAL (UNITS 10¹¹-3) (P2}
2 1 ~ '7 1 ~ 3 BRANDELl 79 DASP PSI(3685)TO GAM CHI 12/79¹

R C
R C

R T
R T

THE VALUE I S hlORHA LI ZED TO THE BRANCHI ~ RAT I Q 0 PS I ( 3685 )
INTO ( J/PS I ( 3100} ETA)/TOTAL .

ESTIMATED USING PSI (3685) TO (GAMMA PC)/TOTAL= ~ 071
THE ERRORS DO NOT CGNTAIN THE UNCERTAINTY IN THF PS I (3685) DECAY

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹'¹¹ ¹¹¹¹¹¹¹¹
12/77

R12
R12T

R T
R

CHI(3550) INTO (P P BAR)/TOTAL t UNITS 10¹¹-3) {P11)
( 1» 1) OR LESS CL=0 90 BRANDEL2 79 GASP PS I ( 3685 ) TO GAH CHI 12/79¹

ESTI MATED USING PS I t3685) TO (GAMMA CHI(3550) )/TOTAL= 07
THE E RRORS DO NOT CGNTA I hi THE UNCE RTAI NTY IN THE PS I (368 5 } DECAY

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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Particle Data Group: Review of particle properties S'l59

Data Card Listings
For notation, see key at front of Listings. .

Me sons
(3550), y(3590), +(3685)

FEL OMAN 75 PRL 35 821
ALSO 75 PRL 35 1189

TANENBAU 75 PRL 35 1323

REFERENCES FOR CHI ( 3550 )

+J EAN-MARIE' SADOULET t VA NNUCCI y+ () BL+SLAC)
(ERRATA)

TANENBAUHg WHI TAKERyABRAMSg+ (LBL+SLAC)

TRILLING 76 STANFORD SYMP. 437 G ~ H. TRILLING {LBL)
WHIT AKER 76 PRL 37 1596 +TANENBAUH pABRAMS g ALAN' BQYARSKI g+ ( SLAC+ LBL}

BI DDI CK 77 P RL 38 1324 +BURNE TT+
FELDMAN 77 PL 33 C 285 +PERL
YAMADA 77 HAMS ~ CONF ~ P e 69 YAMADA

( UC SD+UMD+ PAVI+PRIN+SLAC+STAN)
( LBL+ SLAG)

{DESY+TOKY)

BARTEL 78 PL 79 B 492 DITTHANNt DU INK ERe OLS SON sO tNEI L L+{DES Y+HEI D )
SP ITZER 78 KYOTO SUM ~ INST 47 H ~ SPI TZER {HAHB)
TANENBAU 78 PR D 17 1731 TANENBAUN BALAN pBQYARSKI g+ ( SLAC+LBL)

P
P
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33
P34

H ADRQN IC DECAYS

PS I (3685)
P Sj (3685)
PS I ( 3685)
PSI (3685)
P 5 I (3685 }
P 5 I (3685)
PSI {3685)
P SI (3685)
PS I {3685}
PSI (3685)
PS I(3685)
P S I (3685 )
P SI ( 3685}
PS I (3685)

INTO P I+ P I-
INTO RHO PI
I NTQ K+ K-
INTQ 2(PI+ PI-. )
I NTO 2 ( PI+ PI —) P I 0
INTO P I+ P I- K+ K-
I NTO P BAR P
I NTO LAHBDA ANTI L AH BDA
I NTO X I ANT IX I
INTO OMEGA X(2830)
INTO P I+ P I- P PBAR
INTO 3(PI+ PI-)
I NTG RHGO PI+ PI—
I NTO K+( 890) 0 K+/- PI-/+

139+ 139
776+ 139
493+ 493
139+ 139+
139+ 139+
139+ 139+
938+ 938

1115+1115
132 1+ 1321
78 2+2830
139+ 139+

139+ 139
139+ 139+
493+ 493

938+ 938

776+ 139+ 139
892+ 493+ 139

BRANDEL1 79 ZPHY C 1 233
BRANOEL2 79 NP B 160. 426
K I RK 79 PRL 42 619
PART RIDG 79 SLAC-PUB 2425

(3590)

BRA NDE LIK g CORDS g+ {AACH+ DES V+HA MB+MPIH+TQKY )
BRANDE L IK y CG ROSE +( AAC H+ DES Y+HA MB+HP I H+ TGKY)
+GOODMAN ALVERSQN +(FNAL+HARV+ILL+OXF+TUFT)
PARTRIDGES PECKt+ (CI T+HARV+PRIN+SLAC+STAN)

59 CH I {3590 g JPG= ) I=

OBSERVED IN THE CASCADE RADIATIVE DECAY OF PSI ( 3685)
INTO CHI {3590) GAMMA p CHI (3590} INTO J/PS I (3100 ) GAMMA

( BART EL .78 ) ~ THEREFORE' C=+ ~

NGT SEEN BY THE CRYSTAL BALL VITH LARGER
STATISTICS ( PARTI DGE 79) ~

OMITTED FRQN TABLE ~

P
P
P51
P52
P53
P54
P55
P56
P57
P58
P59
P60
P61

RADIAT IVE DECAYS

PSI{3685)
PS I (3 685 )
P SI (3685)
P SI ( 3685)
PS I (3685 )
P SI ( 3685)
PS I (3685)
PSI(3685)
PSI(3685)
PSI(3685)
P SI ( 3685)

I NTQ GAHHA GAMHA
I NTO PIO GAMMA

I NTO ETA GAMMA
INTO ETA PRIME GAMMA
INTO X (2830) GAMMA

I NTQ CHI ( &415 ) GAHMA
INTO CHI ( 3455) GAMMA

I NTQ PC (3510) GAMMA
I NTO CHI ( 3550) GAHMA
I NTO PC (3510) + ANYTHING
INTO U(2980) GAMMA

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

0+ 0
134+ 0
548+ 0
957+ 0

2830+ 0
341 4+ 0
3454+ 0
350 7+ 0
355 1+ 0

298 0+ 0

59 CH I ( 3590) HA SS {ME V)

3591 ~ 0 7 ~ 0 BARTEL 78 CNTR E+E- g J/PS I 2 GAM 4/78+

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P, , where

1 1 i
GP. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-l 1
cients (~P.&P. ) /(5P. ~ 5P.). For the definitions of the individual P., see the listingsi j - i j ' i'
above; only those P. appearing in the matri$c are assumed in the fit to be nonzero and1
are thus constrained to add to i.

BART EL 78 PL 79 8 4'9 2
PARTRIDG 79 SLAC-PUB 2425

REFERENCES FOR CHI (3590)

+DI TTHANNy DUINKER g GL S SON yONE I L L+ ( DESY+HEI D)
PARTRIDGES PECKS+ (CIT+HARV+PR IN+SLAC+STAN ) J/$ rr 7r

J/Q w rr ~ 3251+- ~ 023
J/Q m'r .4600
J/Q rl — 0157
J//+OTHER 2 1 1 1
NON- J/$ —~ 8 95 0

J/Q q J//+OTHER NON-J/Q
8
1722+- 0176

007 2 ~,0374+- ~ 003 8
4624 —~ OSS3 0333+- ~ 0248

—~ 4117 —~ 0276 —«5150 4320+- ~ 0415
7 1 PS I ( 3685 ~ J PG=1—) I=0

3680.3
3684
3684

280( 3682 ~ 0)
140(3683 0)

3686

M 5
M

M

M J
M

M F
M

M

M

M

e ~ ~ ~ ~

A VG 3685 3
STUDENT3685 ~ 3
F I T 3685 3

37 ~

5 ~

9 ~

(2 0)
(6 ~ 0 )

3 ~

0 ~ ~ ~

CRIEGEE
LUTH
PREPOST
BARATE
BARATE
BRANDEL1

75 PLUT
75 SHAG
75 SP EC
79 SPEC
79 SP EC
79 DASP

E+E-
E+ E-

21~ GAMMA D

0 1 50 PI-BEe 2HU2P I
0 150 PI —BEy 2MU

E+ E-

2/75
1 /76
1/76

12/794
12/79+
12/7')s

2 ~ 5
2m 7
1 ~ 2

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE U SI NG STUDE NTI 0 (H/1 ~ 1 1 ) -- S EE HAIN TEXT

F RQH F IT ( ERROR INCLUDES SCALE FAC TOR OF 1 1)

71 PS I (3685 ) MASS {MEV)

WE USE INDEP ENDENT HEA SURE MENTS OF THE J /PSI (3100)
MASSy THE PS I (3685) HASSLE AND THE MASS DIFFERENCE TO
PERFORM A CONSTRAINED FI T

71 PSI {3685) PARTIAL WIDTHS ( KEY)

Wl PSI(
Wl
Wl F
W 1 F FRO
Wl F ' ASS
Wl
Wl AVG
Wl STUDENT

1/76
12/794

PSI (3685) I NTO HADRGNS
224 56 LUTH

( G3)
75 5MAG E+ E- 1/76

3685) I NTQ E+ E- {Gl)
2 1 ~ 3 LUTH 75 SHAG E+ E-
2. 0 ~ 3 BRANDEL1 79 GASP E+ E-

M A S IMUL TANEQUS F IT TO -, E+ E- v MU+ MU- AND HAORONI C CHANNELS
UMING G {E+ E- ) = G( MU+ HU-)
~ ~ ~ ~ ~ 0 ~ ~ ~

2 05 0 ~ 21 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1 ~ 0)
2 05 0.23 AVERAGE USING STUDENT10(H/1 ~ 11) —SEE HAIN TEXT

M J
M F
M F
M 5
M 5

US IN G J/ PS I ( 3100 ) MASS=3097~ 0 ME V ~

FROM A SjilULTANEQUS FIT TQ E+ E—
g MU+ MU- AND HADRONIC CHANNELS

ASSUMING G (E+ E-) = G(HU+ HU-)
ERROR OF ABOUT 1 P ER C ENT FROM THE UNCERTAINTY IN CALIBRATION OF
THE BEAM ENERGY.

W5 PS I(3685} INTO GAMMA GAMMA (EV) {G4)
W5 43 ~ OR LESS CL~O 90 BRANDEL 1 79 DASP E+ E-

71 PSI {3685) BRANCHING RATIOS

12/79'

DM 588 7
DM 585 0
DH ~ ~ ~ ~

OM AVG 58S ~ 2
DM STUDENT 588 26
DM . FIT 588 2

71 PS I {3685) — J/P5 I( 3100) MASS DIFFERENCE ( ME V)

8
2.0

LUTH
B ARAT E

75 SNAG
79 SP EC 0 150 P I-BEy2MU

1/76
12/794

1.3
0 86
0.9

AVERAGE ( ERROR INCLUDES SCALE FACTOR GF 1 o 7)
AVERAGE USING STUDENT10(H/1 ~ ll) -- SEE HAIN TEXT

FROM F I T (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2 }

Rl
Rl L
Rl L
Rl L
Rl L

R2
'

P SI (3685) I NTO (HU+ HU-) /TOTAL
R2 H ~ 0077 ~ 0017 HI LGER 75 SPEC E+ E-
R2 H RE-STATED BY US US ING ( J/PSI (3100)+ANYTHING) /TOTAL ~ 0 ~ 55

PS I (3685) INTO ( E+ E-)/TOTAL
0088 ~ 0013 F ELDMAN 77 RVUE E+E-

FRGM AN OVERALL FIT ASSUNING EQUAL PARTIAL WIDTHS FOR (E+E-)
AND {MU+MU —) ~ FOR A MEASUREMENT OF THE RATIO SEE THE ENTRY R4 BELOW
INCLUDES LOTH 75 yHILGER 75tBURMESTER 77

12/77

1/76

F
W F
W F

12/794

~ 0 ~ ~ ~ ~ I ~ ~

AVG 215 2 39.9
STUDENT 215 ~ 2 43 ~ 0

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT1 0{Hl 1 ~ 1 1 ) 5 EE HAIN TEXT

71 PSI {3685) WIDTH (KEV)

228. 56 ~ LUTH 75 SMAG
202 57 ' ERANDELl 79 DASP E+ E-

FROM A 5 IMULTANEOUS FIT TQ E+ E- MU+ HU- AND HADRONI C CHANNELS
ASSUMING G (E+ E-) = G(MU+ MU-)

R4
R4

PSI (3685) I NTO ( MU+ HU-) /(E+ E-)
~ 89 ~ 16 BOYARSKI 75 SMAG

R5 PS I (3685} I NTO (GAMMA INTO HADRON S) /TOTAL
R5 C , 029 ~ 004 LUTH 75 SHAG
R5 C INCLUDED I N R3

R3 PSI(3685) INTO (HADRONS)/TOTAL
R3 P ~ 981 ~ 003 LUTH 75 SHAG
R3 P INCLUDES CASCADE DECAY INTO J/PSI (3100)

E+E-

E+ E-

E+ E-

1/76
4/77

12/77

1/76

71 PSI (3685} PARTIAL DECAY MODES

DECAY5 INTO J/PS I (3100) + ANYTHING

Pl
P2
P3
P4
P5

P
P
Pll
P12
P13
P14
P15
P16

P Sl (3685)
PS I (3685)
PSI (3685 j
P SI {3685)
PS I (3685)
PSI ( 3685)

I NTQ J/PSI {3100) + ANYTHING
INTO J/P SI( 3100) + NEUTRALS
I NTO J/PS I (3100 ) PI+ P I—
INTO J/PSI(3100) PI0 PI0
I NTG J/PS I (3100) ETA
I NTQ J/P SI (3100 } GAMMA GAMMA

PSI (3685) I NTG E+ E-
P SI ( 3685) I NTQ HU+ MU-
PS I {3685) INTO HADRGNS
P SI (3685) I NTQ VIRTUAL GAMMA INTO HADRGNS
PS I ( 3685 ) INTO GAMMA GAMMA

DECAYS INTO J/PSI (3100) + ANYTHING

DECAY MA SSE 5
~ 5+ ~ 5

105+ 105

0+ 0

3097+ 139+ 139
3097+ 134+ 134
309 7+ 548
36S6+ 0+ ' 0

PS I (3685 ) I NTG
57

Oi51

R10
R10
Rlo
R10
Rl 0 AVG
R 1 0 STUDENT
R10 FIT

~ 0 ~ ~ ~ ~

0 ~ 552
0 ~ 552
0 568

R12
R12
R12
R12
R12 A VG
R12 STUDENT
R12 F IT

PSI (3685) INTO
~ 3 2
+36

0 ~ ~ ~ ~ ~

0 ~ 332
0 ~ 332
0 ~ 325

R 1 1 PS I (3685) I NTO
Rl 1 ~ 41
Rll ~ 0 ~ ~ ~ ~

Rl 1 F IT 0 409

1/76
12/794

( J/PSI (3100) + NEUTRALS)/(J/PSI (3100) + ANYTHING).02 TANENBAUM 76 SMAG E+ E-
0 0

0 019 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)

( J/P SI (3100) P I+ PI- ) /TOTAL
~ 04 ABRAHS1 75 SHAG
~ 06 WIIK 75 DASP

2/76

1/76
1/76

~ 0 ~

0 ~ 033
0 ~ 036
0 ~ 024

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENTI0(H/1 ~ 111 -- SEE HAIN TEXT

FROM F IT ( ERROR INCL UDE S SCAL E FACTOR OF 1 0)

( J/PS I (3100 ) + ANYTHING) /TOTAL
~ 08 ABRAMS 75 SH AG E+ E-

0 ~ 12 BRANDEL1 79 DA SP E+ E-
D ~ ~

0 ~ 067 . AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 072 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
0 ~ 041 F ROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0 )
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S160 Particle Data Group: Review of particle properties

Me sons
+(3685), +(3770)

Data Card Listings
For notation, see key at front of Listings.

R13 PS I (
R13
R13
R13
R13 A VG
R13 STUDENT
R13 FIT

R14
R14 H

R14
R14 H

R14
R14 FIT

PS I (3685) INTO {J/PSI (3100} P IO P IO)/( J/PSI ( 3100) PI+ PI-I
( ~ 64) ( 15) HILGER 75 SPEC E+ E-
0 53 0 ~ 06 TANENBAUM 76 SHAG E+ E-

IGNORING THE (J/PS I ETA) AND {J/PSI GAMMA GAMMA) DECAYS
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 530 0 ~ 050 FROM F IT {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

1/76
1/77

3685 ) INTO ( J/PS I(3100) P I0 P I 0)/TOTAL
0 ~ 17 0 029 ABRAMS1 75 SMAG E+ E 1/77

~ 18 06 HI I K 75 DASP E+ E- 1/76
~ » ~ ~ ~ » ~ ~ ~

0 ~ 172 0» 026 AVERAGE ( ERROR INC{ UDES SCALE FACTOR OF 1»0 )0.172 0 028 AVERAGE USING STUDENT10(H/1. 11) -- SEE MAIN TEXT
0 172 0 ~ 018 FROM F IT (ERROR INCLUDES SCA{ E FACTOR OF 1 0)

R A

R B
R C

R C
R U

R R

ANGULAR DISTR IBUT IQN ( I+COS¹¹2) ASSUMED
VALI D FOR I SOTRQPI C DI STRI BUTIQN CF THE PHOTON
THE VALUE IS NORMALIZED TO THE BRANCHI ~ RATIO 0 PSI (3685)
INTO ( J/ PS I (3100) ETA) /TOT AL ~

RE-STATED BY US USING (MU+MU-) /TOTAL = ~ 0077
RE-STATED BY US USING TOTAL DECAY WIDTH 228 KEV.

R63 P SI {3685) INTO (C HI (3590 ) GAMMA ) /TOTAL ( UNI T S 10¹¹-2)
R63 CHI (3590) INTO CHANNEL SPECIFI ED IN COMMENTS
R63 0 }.8 0 ' 06 BARTEL 78 CNTR CHI TO(J/PSI GAMMA) 4/78¹
R63 (0~ 06) OR LESS PARTRIDZ 79 CNTR CHI TQ( J/PSI GAMMA 12/79¹

R15
R15
R15
R15
R15
R15 AVG
R15 STUDENT
R15 FIT

» ~ ~ ~ ~ ~

0 03 I4
0 0374
0. 0374

PS I (3685) INTO
»043

164 0 036
0 ~ 035

( J/PS I(3100) ETA) /TOTAL
~ 008 T ANENBAUM 76 SHAG E+ E- 1/76

0 ~ 005 BART EL 78 CNT R E+E- 4/78¹
0.009 BRANDEL2 79 DA SP PSI {3685) TQ GAM CHI 12/79¹
~ » ~

0.0038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0 )
0 0042 AVERAGE USING STL}DENT 10(H/1, 1 1 } -- SEE MAIN TEXT
0. 0038 FROM F IT ( ERROR I NCLUDES S CALf FACTOR OF 1 0 )

71 PSI (3685) G( I ) ¹G ( E+ E-) /Gt TQTA L) {KEV )

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH
INTO E+E- AND WITH THE TQT AL WIDTH IS OBTA INE D FROM THE INTEGRATED
CROSS-SECTION INTO CHANNEL( I) IN THE E+E— ANNIHILATICN ~

HE ONLY LI ST DATA NOT HA VING BEEN USED TO DETERMINE THE PARTIAL
WI DTH G ( I ) OR THE BRANCHING RATI Q G( I ) /TQT AL ~

R16
R16
R16
R16

PSI (3685) INTO ( J/PSI(3100) GAMMA OR J/PS}(3100} Plo)/TQTAL
( 0015)QR LESS CL= 90 TANENBAUM 76 SMAG E+E-

(0 ~ 001) OR LESS CL~ 90 BART EL 78 CNTR E+E-
(0 ~ 004) OR LESS CL=O»90 BRANDELl 79 DASP E+ E-

2/76
4/78¹

12/79¹
G3
G3

G(HADRQNIC) ¹G(F+E-) /G(TOTAL)
2 ~ 2 ~ 4 ABRAMS 75 SMAG 1/76

HADRON IC DECAYS

R20 PSI(3685) INTO (PI+ Pl-)/TOTAL (UNITS 10¹¹-4)
R20 (0. 5) QR LESS CL=O 90 FELDMAN 77 SHAG C+E-
R20 0» 8 0.5 BRANDE Ll 79 DASP E+ E-

12/77
12/79¹

REFERENCES FOR PS I (3685 )

ABRAMS 74 PRL 33 1453 +BRIGGSr AUGUST INr BOYARSKI+ ( LBL+ SLAC )

R2 1 PSI ( 3 685) I NTO ( RHOO PI 0) /TOTAL
R21 ( 001)OR LESS CL= ~ 90 ABRAMS 75 SMAG

R22 PS I ( 3685) INTO ( 2( P I+ PI- } PI 0) /TOTAL
R22 ~ 00 35 ~ 0 015 ABRAMS 75 SNAG E+E-

1/ 76

1/76

12/77
12/79¹

R24 PSI(3685) INTO ( PI+ PI — K+ K- )/TOTAL
R245 0 0016 0»0004 TANENBAUM 78 SHAG
F245 ASSUMI NG ENTI REL Y STRONG DECAY

E+ E- 12/78¹
12/78¹

RZ5 PSI (3685) INTO
R25 2 ~ 3
R25 4 1 4
R25 ~ ~ ~ ~ ~ »

R25 AVG 1 ~ 91
R25 STUDENT 1 91

{PBAR P)/TQTAt
0 7
0 ~ 8

(UNITS 10¹¹-4 )
FELDMAN 77 SMAG E+ E-
BRANDEL}. 79 DA SP E+ E-

12/77
12/79¹

~ ~ ~

0 ~ 53
0 ~ 59

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

R26 PS I (3685) INTO (RHO P I ) /TOTAL
R26 (0 001) OR LESS C L=O 90 BART EL 1 76 CNTR E+ E- 1/77

R23 PS I (3685) INTO (K+ K-)/TOTAL (UNITS 10¹¹-4)
R23 (0. 5) OR LESS CL"-0 ~ 90 '

F ELDMAN 77 SMAG E+E-
R23 1 ~ 0 0 ~ 7 BRANDE Ll 79 DASP E+ E-

ABRAMS
ABRAMS1
AU BERT
BQYARSKI
CA PiER I Nl
CRIEGEE
DA SP3
FELDMAN
GRECO
JACKSON
HI LG ER
HUGHES
LUTH
PR EPOST
SI }{PSQN

W I IK

75 STANFORD SYMP ~ 25
75 PRL 34 1181
75 PRL 33 1624
75 PALERMQ CONF 54
75 PRL 35 483
75 PL 53B 489
75 PL 57B 407
75 PRL 35 821
75 PL 56B 367
75 NI M 128 13
75 PRL 35 625
75 PREP» HEPL 765
75 PRL 35 1124
75 STANFORD SYMP ~ 241
75 PRL 35 699
75 STANFORD SYMP. 69

G S ~ ABRAMS {LBL)
+BRIGGSr CHINOHSKYr FRIEDBERGr+ (LBL+SLAC)
+BEC KER r BI GGSr BURGER r GLENN+ (MI T+BNL )
+BREIDENBACHr BULQSr ABRAMSr BRIGGS+( SLAC+LBL }
+LEARNEDr PREPQST ~ ASHr ANDERSONr+ (W ISC+SLAC)
+DEHNE rFRANKEr HDRLI TZ r KRECHLQCK+ ( DESY')
BR AU NS CHH E I Gr KONI GSr + ( AACH+DE SY+MP I M+ TOK Y )
+ JEAN-MARIE r SADOULET r VANNUCCI r + (LBL~S LAC )
+PAN CHER I-SR I VASTA VA r SR I VASTAVA ( FRAS)
J ~ D ~ JACKSCNr D ~ SCHARRE (LBL )

+BERQNr FORD r HOF STADT ERr HOWELL r+ (

STAN+PENN�)

+BERONr CARRINGTQNr FQRDr hILGERr + ( STAN+PENN)
+BQYARSKI LYNCH BREIDENBACH + {SLAC+LBL)JPC
R PREPOST ( HI SC CNSI N)
+BERQNrFQRDr HILGER r HQFSTADTERr + (STAN+PENN }
8 ~ H ~ WI I K {DESY )

BARTEL 1 76 PL 64 8 483 +DUI NKER r QLSSGNr STEF F ENr HEI NTZ E+ ( DESY+ HEI 0 }
BART EL 2 76 T BIL IS I CONF, N 56 +DUI NKER, OL SSQN, HE INTZE, + ( DESY+HEI D I

SNYDER 76 PRL 36 1415 +HOMr LEDERMANr APPELr KAP LAN+(CQLU+FNAL+STQN)
TANENBAU 76 PRL 36 402 TANENBAUMr A BRA MS r BOY ARS K I r BULQSr+ ( S LAC+ LBL ) I G

WHITAKER 76 PRL 37 1596 +TANENBAUMi r ABRAMS r ALANr BOYARSKI r+ ( SLAC+ LBL)

R27 PSI (3685) INTO 2(P I+Pl- )/TOTAL
R27 0. 00045 0 0001 TAhE NBAUM 78 SMAG

R28 P SI (3685) I NTO (LAMBDA ANTILAMBDA)/TOTAL
R28 (0»0004)OR LESS CL=O ~ 90 FELDMAN 77 SHAG E+ E-

1Z/78¹

12/77

8 IDD ICK 77 PRL 38 1324 +BURNETT+ (UC SD+UMD+ PAVI+PRIN+SLAC+STAN)
BRAUNSCH 77 PL 67 B 249 BRAUNS CHHE IGr + ( AACH+DESY+HAMB+MPIM+ TGKY }
BURMESTE 77 PL 66 B 395 BURMESTERr CRIEGEEr+ (DESY+HAMB+5 IEG~HUPP)
FELDMAN 77 PL 33 C 285 +P ERL t LB(+ SLAC)
YAMADA 77 HAMB» CONF» P ~ 69 YAMADA (DESY+TQKY)

R29 P SI {3 685) I NTQ ( XI — ANT IXI- ) /TOTAL
R29 ( 0.0002 ) FELDMAN 77 SMAG 12/77

BARTEL 78 PL 79 8 492
TANENBAU 78 PR D 17 1731

D ITTMANNr DUI NKERr Ot S SON rO&NE ILL+(DESY+HEI 0)
TANENBAUMr ALAMr BOYARSKI r+ (SLAC+LBL)

R31
R3 15
R31 5

PSI (3685) INTO t P I+ PI- P PBAR)/TOTAL {UNITS 10¹¹-3)
0 ~ 8 0.2 TANENBAUM 78 SNAG E+ E-

ASSUM ING ENT IRELY STRONG DECAY
12/78¹

BARATE 79 PREP» DPHPE 79-17+BAREYREr BONAMI r+ (SAC L+L OIC+SHMP+ IND )
BRANDEL1 79 ZPHY C 1 233 BRANDE LIK CORDS + ( AACH+ DESY+HA MB+MPIM+TCKY )
BRANDEL2 79 NP 8 160 426 BRANDEL IKr CQRDSr +( AACH+DESY+HAMB+MPIM+ TQKY )
PARTRI 0 1 79 SLAC- PUB 2386 P ARTRI DGE r PECKr + (C I T+ HARV+PR IN+S LAC+STAN )

PART RIO2 79 SLAC-PUB 2425 PARTR IDGE r PECK r+ (C I T+HARV+PR IN+ SLAC+ STAN)

R32
R325

PSI(3685) I NTO
0»15

3( PI+ PI —} /TOTAL ( UNITS 10¹¹-3 }
0 ' 1 TANENBAUM 78 SHAG 12/78¹

¹¹¹¹¹¹¹¹¹

R33
R33

R34
R34

PS

I�(3685)

INTO I RHQO PI+ PI —) /TOTAL (UNITS 10¹¹—3)
0 ~ 42 0 ~ 15 T ANENBAUM 78 SM AG E+ E-

P S I ( 3 6 85 ) I NT 0 ( K¹ ( 890 }0 K+ /- P I- /+ ) / TO TA L ( UNITS 10¹¹- 3 )
0 ~ 67 0 ~ 25 TAME NBAUM 78 SM AG E+ E-

12/78¹

12/78¹

53 PS I (3770r J PG=1 — ) I=

53 PSI(3770} MASS (ME V)

RADIA T IVE DECAYS

R41 PS I (3 685 ) INTO ( GAMMA GAMMA ) /TOTAL
R41 U (»005) OR LESS CL= ~ 95 HUGHES 75 SP EC

R42 PS I (3685 ) INTO ( P IO GAMMA)/TOTAL
R42 U ( F 007)OR LESS CL=»95 HUGHES 75 SPEC
R42 ( ~ 01 ) OR LESS CL= 90 WI IK 75 DASP

E+E-

E+E-
E+E-

1/76

1/76
1/76

M

M

M

M

M

M

3772 ~ 0
3770.
3764 0
~ ~ ~ ~

AVG 3768. 1
STUDENT3768 ~ 1

b»0
6 ~ 0
5 ' 0

» ~ ~ ~ ~

3 ~ 2
3 ~ 6

RAPIDIS
BACING
ABRA MS

77 SMAG 0 E+E-
78 SP EC 0 E+E- (DE LCD)
79 SMAG E+ E—

12/77
4/78¹

12/79¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 11) —— SEE MAIN TEXT

R43 P SI( 3685} I NTO (E TA GAMMA) /TOTAL (UNITS 10¹¹-2 }
R43 U (1 8 } QR LESS CL= ~ 95 HUGHES 75 SP EC
R43 {0»02)QR LESS CL=O ~ 90 YAMADA 77 DASP

R44 PSI (3685) INTO {ETA PRIME GAMMA)/TOTAL (UNITS 10¹¹-2)
R44C (0»023)OR LF SS CL=O ~ 90 BARTEL 2 76 CNTR
R44 R t0 6 } QR LESS CL= 0 ~ 90 BRAUNSCHH 77 DA SP

E+ E-
E+ E-r3 GAMMA

E+ E-
E+ E-

1/76
12/77

12/77
12/77

53
DM 88 ~ 0
DM 80 0
DM

DM AVG
DM STUDENT

PS I(3770)—PS I (3685) MASS DIFFERENCE {MEV)
3 0 RAPI DI 5 77 SMAG E+E-
2.0 ABRAMS 79 SMAG E+ E-

12/77
12/79¹

»»»
3 ~ 7
2 ~ 2

AVERAGF ( ERROR INCLUDES SCALE FACTOR OF 2 2 )
AVERAGE USING STUDENT10(H/1» 11) —— SEE MAIN TEXT

R55 PS I(36
R55 A

R55 A

R55
R55
R55 AVG
R55 STUDENT

85 ) INTO (
7 5
7» 2

{7~ 6) t

7 ' 3
7 3

E+ E- 1/77
E+E-rMQNQCHR GAM 3/77
E+E rMONOCHR ~ GAM 12/79¹

C HI ( 341 5) GAMMA } /TQ TAL ( UNI TS 10¹¹-2 )
2 ~ 6 WHIT AKER 76 SMAG
2 ~ BI DD ICK 77 CINTR
1 ~ 7) PARTRIDl 79 CN TR
~ ~ ~

1 ~ 7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0 )
I ~ 8 AVERAGE USING STUDENT10(H/1 11} —— SEE MAIN TEXT

53 PSI (3770) WIDTH (MEV) .

12/77
4/78¹

12/79¹
5 0
5 ~ 0
5 ' 0

28 ~ 0
24. 0
24 0

» \ \

2 ~ 9
3 1

RAP I D I S 77 SHAG 0 E+ E-
W BACINO 78 SPEC 0 E+E- (DELCC)
H AB RA MS 79 SM AG E+ E-

~ » ~ ~ ~ ~

H AVG 25 ~ 3 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 0)
W STUDENT 25 ~ 3 AVERAGE USING STUD/ NT10(H/}. ~ 11) -- S EE MAIN TEXT

R57 P SI t 3685) I NTO (CHI (3550) GAMMA) /TOTAL {UNITS 10¹¹—2 )
R57 CHI(3550) INTO CHANNEL SPECIFIED IN COMMENTS 12/78¹
R57 B 7 ~ 0 2 ~ 0 BIDDICK 77 CNTR E+E- r MONOCHR ~ GAM 3/77 53 PS I(3770) PARTIAL WIDTHS (KEV }

R59 P5 I (3685) I NTQ ( PC ( 3510 ) GAMMA) /TOTAL (UNITS 10¹¹-2)
R59 PC(3510) INTO CHANNEL SP ECI FIED IN COMMENTS 12/78¹
R59 8 7 1 1.9 BIDOICK 77 CNTR E+E-r MONOCHR»GAM 3/77
R59 {7 5) {1 7} PARTRID1 79 CNTR E+E-r MONQCHR GAM 12/79¹

Rb I PSI (3 6E5) INTO U(2980) /TOTAL (UNITS 10¹¹-2)
R60 U (2980) INTO CHANNEL SP EC IFI ED IN COMMENTS
R60 (0 2) TO 0 ~ 5 PART RI D2 79 CNTR E+E-r MONOCHR GAM 12/79¹

Wl
Hl R
Wl
'Wl

Wl R
Hl
Hl AVG
W 1 STUDENT

~ ~ » ~ »

0 ~ 257
0 259

~ ~ » ~

0.046
0 ~ 042

PS I (3770) I NTO E+E-
0 37 0 ~ 09
0 18 0 06
0 ~ 276 0»050

SEE ALSO R2 BELOW

RAPIDIS i 77 SMAG 0 E+E-
BACINQ 78 SPEC 0 E+E-, (DELCO)
ABRAMS 79 SMAG E+ E-

12/77
4/78¹

12/79¹

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 3)
AVERAGE USI NG STUDENT10(H/I ~ 11) -- SEE MAIN TEXT

Rev. Mod. Phys. , Vol. 52, No. 2, Part ll, April 1980



Particle Data Group: Review of particle properties 8161

Data Card Listings Mes ons
For notation, see key at front of Listings. +(37"/0), 1i)(4030), +(4160), +(4415), T(9460)

53 PS I (3770) PARTIAL DECAY MODES 25 PS I (4160 } WI DTH (MEV )

Pl
P2

P S I ( 3770) I NTQ E+ E-
PS I (3770} INTO D DBAR

DECAY MA SSE S
~ 5+ «5

186 8+ 1868

78 ~ 0 20 ~ 0 BRANDELIK 78 DASP E+E- 4/78¹

53 PS I (3770) BRANCHING RATIOS

25 PS I{4160) PARTI AL DECAY MODES

PS I (4160) INTO E+ E-
DECAY MASS ES

~ 5+,5
Rl
Rl

PSI (3 770} I NTQ (0 DBAR) /TOTAL
DO MI N AN T

(P2)
PERUZZI 77 SMAG E+E-g D DBAR 12/77

R2 P SI ( 3770} I NTQ ( E+ E-) /TOTAL (UNITS 10¹¹-5) (Pl )
R2 1 ~ 3 0 ' 2 RAP IDI 5 77 SMAG 0 E+E-

¹¹¹¹¹¹¹¹¹
REFiE RENCES FQR Ps I (3770 )

12/77
Wl PSI (4160) INTO E+ E-

0 77 0 ~ 23 BRANDELIK 78 DA SP E+ iE-

25 PSI(4160) PARTIAL WIDTHS (KEV)

12/78¹

12/78¹

PERUZZI 77 PRL 39 1301
RAP ID IS 77 PRL 39 526
BACINO 78 PRL 40 671
ABRAM S 79 SLAC- PUB 2411

+PICCOLOS FELDMANg PERI y+(SLACK LBL, NWES+HAWA)
+GOBB I q LUKE g PE RL g+ (S TAN+SLAC+L BL+NWES+HAW A)
+BAUMGAR TEN g 8 IRK WOOD g+ ( S LAC+ S TAN+ UCLA+ UC I )
ALAM yBLOCKERy BQYARSK I ~+ (SLAC+LB{ ) BURNE STE 77 PL 66 8 395

BRANDEL I 78 PL 76 8 361
K I RKBY 79 8 ATA V I A CONF, ~

REFERENCES FOR PSI (4160)

+CRI EG EE g 0EHNE+ ( DESY+HAMB+S IEG+WUPP )
BRANDE LIKE CORD S+ ( AACH+ DES Y+HAMB+MP I M+TOKY )
J ~ K IRKBY RAPPORTEUR ( SLAC)

72 PS I( 4030' JPG=1- } I=

SEEN CLEARLY SEPARATED FROM THE PSI(4160)
BY DASP. AND CONF IRMED W ITH LESS STAT I STI CS BY PLUTO
SEEN ALSO BY NARK I g DELCO AND THE CRYSTAL BALL
(KIRKB Y 79) ~

73 PS I (44 15 1 JPG=I ) I=

, 73 PSI (4415) MASS {MEV)

72 PS I ( 4030) MASS ( ME V)

44 14«
(4400 ~ )
4417 ~ 0

7 ~

APPROX»
10 ~ 0

SIEGRIST 76 SMAG E+ E-
KNI E S 77 PL UT 0 E+ E- g MU+ MU-
8RANDELIK 78 DASP E+E-

2/76
12/77
4/78¹

4028 ~ 0
40 40 ~ 0

2 ~ 5
10.0

~ ~ ~ «« ~ ~ ~ ~

AVG 4028. 7 2«8
STUDENT4028 ~ 6 2 7

GOLDHABER 77 SMAG E+E-
BRANDELIK 78 DASP E+E-

12/77
4/78*

AVERAGE (ERROR I NCLUDES SCALE FACTOR OF 1 2 )
AVERAGE USING STUDENT10(H/1«11] -- SEE MAIN TEXT

» ~ « ~

AVG 4415 ~ 0
STUD E NT44 15~ 0

~ ~ ~ ~ ~

5 ~ 7
6«2

AVFRAGE (ERROR INCLUDE S SCALE FACTOR OF 1,0)
AVERAGE USING STUDENT 10 (H/1 ~ 11) —SEE MAIN TEXT

73 Ps I( 4415) WIDTH (ME V)

52 ' 0

72 P S I ( 4030) 'WIDTH ( ME V)

10 ~ 0 BRANDELIK 78 DASP E+E- 4/78¹
W

W

W AVG
W STUDENT

33 ~

66 ~ 0

43.2
42 ~ 4

10
15 ~ 0

~ ~ ~ ~ ~

15 2
10~ 4

SI EGRI ST 76 SNAG E+ E-
BR ANDE LI K 78 DA SP E+E-

2/76
4/78¹

AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 8 )
AVERAGE USING STUDENT 10(H/1«11) -- SEE MAIN TEXT

Pl
P2
P3
P4
P5
P6

P S I {4030 )
P SI ( 4030)
Ps I (4030 )
PSI (4030)
PS I {4030)
P SI (4030)

72 PS I(4030) PARTIAL DECAY MODES

I NTO 0 DB AR

INTO 0¹ D BAR AND D¹BAR D

INTO D¹ D ¹BAR
I NTQ J/PSI (3100} HADRONS
INTO E+ E-
I NT0 MU+ MU-

DECAY MASSES
1868+ 1868
2006+1863
2006+2006

5+»5
10 5+ 105

Pl

73 PS I(4415) PARTIAL DECAY MODE S

PSI (4415) INTO E+ E-

73 P SI (4415) PARTIAL WIDTHS ( KE V)

DECAY ~ASSES. 5+ .5

72 PS I { 4030) PARTI AL WIDTHS ( KE V }

0«49 0 13 BRANDE Lj K 78 DASP E+ E- 12/78¹

0 ~ 75 0«15 BRANDE LIK 78 DA SP E+ E- 12/78¹
73 PS I (4415) BRANCHING RATIOS

R3
R3-

PSI {4C30) I NTQ (D¹ D¹ BAR) /( 0¹ DBAR+D¹BAR D) (P3)/{P2)
32.0 12»0 GQLDHABER 77 SMAG 0 E+ E-

72 Ps I (4030 ) BRANCHING RAT I Qs

Rl PS I (4030) INTO (0 DBAR)/(0¹ DBAR+D¹BAR 0} (Pl) /{P2)
Rl 0 ~ 05 0 ~ 03 GOLDHABE R 77 SM AG 0 E+ E-

R2 P SI {4030) I NTQ J/PS I (3100 ) HADRCNS (P4)
R2 L QQKE D FOR BURMESTE R 77 PLUT E+ E-

12/77

4/77

12 /77

Rl PS I (44 15) INTO ( E+ E- )/TOTAL (UNI TS 10¹¹-5)
Rl 1»3 ~ 3 S IEGRI ST 76 SM AG E+E-

R2
R2

Si EGR 1ST 76 PRL 36 700

REFERENCES FOR PSI (4415)

+ABRAM Sg BOYARSKI g BREIDENBACHy+ ( LBL+S LAC )

PS I (4415) INTO HADRONS/TOTAL
DOMINANT S IEG RI ST 76 SM AG EeE-

2/76

1/77

PS I {4030) INTO ( E+ F- }/TOTAL
(1 ~ 0) APPROX ~

(UNITS 10¹¹-5} {P5)
F ELDMAN 77 SHAG E+ E- 12/77

BURMESTE 77 PL 66 8 395
KNIES 77 DES Y 77/74
LUTH 77 PL 70 8 120

BRANDELI 78 PL 76 8 361

+CRI EGEE gDEHNE+ ( DESY+HAMB+S I EG+WUPP )
G ~ KNIES HAMBURG TALK ON PLUTO CQLLAB ~ {DESY)
+PIERRE' ABRAMS ~ ALAN' BOY ARSKIg+ (LBL+SLAC )

BRANDELIKq CORDS+ (AACH+GESY+HAMB+MPIM+TQKY)

AUGUSTI N 75 P RL 34 764
BACC I 75 PL 588 481
BQYARSKI 75 PRL 34 762
ES POS ITQ 75 PL 5 88 478

PERUZZI 76 PRL 37 569

REFERENCES FOR PSI (4030)

+BQYARSKI p ABRAMS g BR IGGS+ (SLAC+LBL )
+8 IDOL I+PENSOw STELLA y+ (RQMA+F RAS)
+BREIDENBACHqABRAMSy BRI GGSt+ (SLAC+LBL }
+FEL ICETTI iPERUZZI e+ ( FRAS+NAPL+PADO+RCMA)

+PICCOLQgFELDYANg NGUYENgWISS ~ + (SLAC+LBL)

49 UPSILON (9460' JPG=1 — ) I=

¹¹¹¹¹¹¹¹¹

BURt~iE STE 77 PL 66 8 395
GOLDHABE 77 PL 69 8 503
FELDNAN 77 P L 33 C 285
LUTH 77 PL 70 8 120

BRANDEL I 78 PL 76 8 361
ALSO 79 ZPHY C 1 233

Kj RKBY 79 BATAVI A CONF ~

+CRI EGEEy DEHNE+ ( DESY+HAMB+S IEG+WUPP )
GQ{ DHABERyWI SsyABRAMSe ALAMO' LUTHER+ (LBL+S LAC)
+PERL ( LB L+ SLAG }
+PI ERREgABRAMSgALAMg BOY ARSK jg+ (LBL+SLAC }

BRANDELIKy CORDS+ (AACH+GESY+HAMB+MPI M+TQKY)
BRANDE LIKE CORDS'+( AACH+DESY+HAMB+MPIM+TOKY )
J K IRKBY RAPPORTEUR ( SLAC) .

M I
M CB
M C
M D

M C
M

M AVG
M STUD

{9410»)
(9460» 0}
9460» 0
9456»3
9457 ~ 0
~ ~ ~ «

9457 ~ 9
ENT9457» 9

49 UPS ILQN(9460 ) MASS (MEV }

(13~ }
(10«0)

10 ~ 0
11 ~ 0
10~ 0

INNE S 77 SP EC
BERGER 78 PLUT
BI ENLE IN 78 CNTR
BERG ER 79 PL UT
DARDEN 79 DA SP

0 400 P+A g MU+MU-
E+E-
E+E-
E+E-
E+E-

12/77
4/78¹
4/78¹

12/79¹
12/79¹

~ ~ ~ ~ ~

5 ~ 9 AVERAGE {ERROR INCLUDES SCAL E FACTOR OF 1 0)
6 ~ 4 AVERAGE USING STUDENT10{H/1»11) —SEE MAIN TEXT

25 PSI (4160 g JPG=l- ) I=

S EEN C LEAR LY S EPARAT ED FROM THE P S I {4030 )
BY DASP AND CONFIRMED WITH LESS STATI STI CS BY PLUTO ~

thARK I g DELCQ AND THE CRYSTAL BALL SEE A PROMI NE NT
SHOULDER BUT NO SEPARATION (KIRKBY 79)

M 8
M C
M D
M I

DATA INCLUDED IN 8 ERGER 79
E RRO RS COMPL ET ELY CQRR ELATED
10 MEV SYSTEMATIC ERROR ADDED LI NEARLY BY US ~

FROM 2-P EAK F IT

49 UPSILON(9460) WI DTH (NEV)

25 PS I ( 4160) MASS ( MiEV)

AB
W A
W E
W

(18 ~ 0) OR LESS
( 8 ~ 0) QR LESS
(0 «023) OR MOR E CL=O ~ 95
( 0 ~ 060)

BERGER 78 PL UT
BI ENLEI N 78 CNTR
BERGER 79 PL UT
DARD EN 79 DASP

E+E-
E+E-
E+E-
E+ E-

4/78¹
4/78¹

12/79¹
12/79¹

4159~ 0 20 ~ 0 BRANDELI K 78 DASP 4/7 8¹
W A FROM {;UQTEC RESQLUT ION
W 8 DATA INCLUDED IN BERGER 79
W E FROM Rl AND ASSUMING E-MU UNIVERSALITY
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S162 Particle Data Group: Review of particle properties

Me sons
T(9480), T(10020), T(10400), K+, K, K (8SB)

Data Card Listings
For notation, see key at front of Listings.

Pl
P2

49 UP S ILON(9460 ) PART IAL DECA Y MODES

UPSILON(9460) INTO MU+ MU-
UP

S�I(.

Q N( 946'0 1 I NTO E+ E-

DECAY MASSES
105+ 105

~ 5+ ~ 5

RZ UPSILON( 10020) INTO ( E+ E- l /TOTAL
R2 SEEN COBB

( P2)
77 SP EC P P ~ E+ E- X 12/78¹

Wl UPS ILC
Wl CBD
Wl C
Wl
Wl C
Wl
Wj AVG
Wl STUDENT

N(9460)
(1~ 3)

F 04
1 33
1 ~ 5

0 ~ ~ 0

1 29
1 ~ 29

49 UPS I LQN(9460) PART IAL W I DT HS ( KEV )

I NTO E+
(0 4}
0 ~ 28
0~14
0 ~ 4

(G2)
BERG ER 78 PLUT E+E-
8 I ENLEI N 78 C NTR E+E-
BERGER 79 PLUT E+E-
DA RDEN 79 DA SP E+E-

4/78¹
4/78¹

12/79¹
12/79¹

~ ~ ~ ~

0 12 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0 )
0 13 AVERAGE USING STUDENT10(H/1 ~ 11) —SEE MAIN TEXT

COBB
HERB
INNE S

77 PL 72 B 273
77 PRL 39 252
77 P RL 39 1240

U ENQ 79 PRL 42 48b

BI ENLEI N 78 PL 78 8 360
DARDEN 78 PL 78 B 364
KAPLAN 78 PRL 40 435
YQH 78 P RL 41 684

REFERENCES FOR UPSILON( 10020)

+I WATA yFAB JANy GOLDBERG+ {BNL+CE RN+SYRA~Y AL E )
+HOM yLEDERMANy APPELy I TO y+ (COLU+F NAL+STON}
+APP ELy BROWN y HER By HQ My F ISK+ (COLU+FNAL+ STON)

+GLAWEy BQCKy BLANARy+ ( DESY+HAMB+HEID+MPIM)
.+HOFMANNyALBRECHTy+ ( DESY+DORT+HEID+LUND)
+APPEL y HERBy HOMy LEDE RMANy+ {STON+F NA L+CCLU)
+HER By HOMy LE DERM AN y U ENO y + ( CO LU+ F NA L+ STON )

+BROWN y HERB y HQMy F I SK y I TC y+ (F NAL+CQLU+ STON)

Wl 8
Wl C
Wl D

DATA INCLUDED IN BERGER 79
ERRORS CORRELATED
WITH RADIATIVE CORRECTIONS I N

48 UPSILON (10400y J PG=1— ) I=

49 UP SILON( 9460) BRANCHING RAT IQS 48 UPSILON(10 y00) —UPSILON(94601 MASS DIFFERENCE (MEV)

Rl UPSILCN{ 9460) INTO( MU+ MU-)/TOTAL (Pl)
Rl oe 022 0 020 BERGFR 79 PLUT E+E- 12/79¹

DM A 950 0 30.0 UE NQ 79 SPEC 400 P PT y MU+MU- 12/79¹

R2 UPSILON (9460) INTO ( E+ E-) /TOTAL (P2)
R2 SEEN COBB 77 SPEC P PyE+ E- X
R2 0 025 0 ~ 021 DARD EN 79 DA SP E+E-

¹¹¹¹¹¹¹¹¹
12/78¹
12/79¹

DM A

DM A

F I XI NG THE UP SILON(9460) MASS AT 9460 ME V ANO THE
UPSILON( 10020)-UPSILON(9460) MASS DIFFERENCE AT 558 MEV ~

REFERENCES FQR UPSILON(10400)

COBB
HERB
INNE S

77 PL 72 B 273
77 PRL 39 252
77 PRL 39 1240

BE RG ER 78
BI ENLEIN 78
DARDEN 78
GARE LIC K 78
KAPLAN 78
YOH 78

PL 76 8 243
PL 78 8 360
PL 76 B 246
PR 0 18 945
P RL 40 435
PRL 41 684

ANGEL IS 79 PC 87 B 398
BADI ER 79 PL 86 8 98
BERGER 79 ZPHY C 1 343
DARDEN 79 PL 80 8 419

REFERENCES FOR UPSILON t 9460)

+ I WATA y FAB JAN y GQLDBC RG+ ( BNL+CE RN+SYRA+Y ALE )
+HOM yLEDERMANyAPPELyITO y+ (COLU+F NAL+STQNl
+APP ELy BROWN yHERBy HOMy F IS K+(COLU~FNAL+STON )

+AL EXANDERy DAUHy +( AACH+DESY+HAMB+ SIEG+WUPG }
+GLA WE y BOC Ky 8LANAR + ( DESY+HAMB+HEID+MPIM l
+HO FMANN, ALBRECHT y+ ( DE SY+DORT+HEI D+ L UND)
+GAUTHI ER HI CKS OLIVER + ( NEAS~W ASH+TUFT)
+APPEL HERB HOM LEDE RMAN + (STQN+FNAL+CCLU)
+HER By HQMy LEDERMANyUENOy+ (COLU+FNAL+STON)

+8ESCH y BLUMENFELDy+ (CERN+C QLU+OXF+ROCKl
+BO'JCROTy BURGUN+ ( S ACL+CERN+CD EF+EPQL+L A! 0)
+ALE XA NDE R+ ( AACH+ DE SY+HA MB+ S I E G+W UPG )
+HOFMANNy ALBRECHTy+ t DESY+DQRT+HEI 0+LUND)

COBB
HERB
INNES

KAPL AN

YOH

77 PL 72 8 273
77 P RL 39 252
77 PRL 39 1240

78 P RL 40 435
78 PRL 41 684

79 PRL 42 486

+ I WAT Ay FAB JANy

GOLDBERG+�(BNL+CERN+S

YRA+ YA! E )
+HQMyLEDERMANyAPPELy ITOy+ (COLU+FNAL+STON)
+APP EL y BROWN y HER By HQ My F I SK+ {CQLU+FNAL+ STON )

+APP EL y HERB y HOMy LEDERMA Ny+ ( STQN+F NAL+CQLU)
+HERBy HOMy LEDERMANyUENOy+ (COLU+FNAL+STON)

+BROWN y HERB y HOMy F I SK y ITOy + ( FN AL+CQL 0+ S TON )

S=+1, C=O MESON STATES

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

52 UPSILON( 10020y JPG=1- ) I =

10 CHARGED K(494y JP=O—l I =1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

M I
M C
M C
M

M AVG
STUDENT

52 UPSILON(10020) /{ASS ( GEV )

10 ~ oeo
10~ 020
10 ~ 01 2
~ ~ ~ ~

10 016
10+016

(0 .030 )
0~ 020
0 ~ 020

e ~ ~ 0

0 ~ 014
0+015

INNES 77 SP EC 400 P+A y MU+MU- 12/77
BI ENLEI N 78 CNTR E+E— 4/78¹
DARDEN 78 DA SP E+E- 4/78¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10{H/1 ~ 11) —SEE MAIN TEXT

11 NEUTRAL K( 498 y JP=O-) I =1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

M C ERRORS COMPLETELY CORRELAT ED
M I FROM 2—PEAK FIT

18 K¹( 892y J P= 1-) I= 1/2

18 K¹ (892) MASS {MEV)

52 UPSILON{ 10020) WIDTH (MEV)

W A ( 12 ~ 0) QR LESS
W A (18 0) QR LESS
W A FROM QUOTED RE SOLUTION

BIENLE I N 78 CNTR E+E-
DARDEN 78 DASP E+E—

4/78¹
4/78¹

5eo. o
555 ~ 0
574 ~ 0

DM C
DM C
DM A

DM

DM

DM

AVG 558. 9
STUDENT 558 9

10.0
11 0
27 ~ 0

~ ~ ~ ~ ~

7 1
7 ~ 7

8 I ENLE IN 78 CN TR
DAR D EN 78 DA SP
UE NQ 79 SP EC

E+E-
E+E—
400 P PT y MU+MU-

4/78¹
4/78¹

12/79¹

AVERAGE (ERROR INCl UDES SCALE FACTOR OF leO)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

DM A

DM C

F IXI NG THE UPSILON(9460) MASS AT 9460 ME V

ERRORS CCMPLETELY CORRELATED

52 UPSILON{ 10020) PARTIAL DECAY MODES

Pl
P2

U P S IL 0 N( 100 20 ) INTO MU+ MU-
UPSI LCNt 10020) I NTQ E+ E-

DECAY MASS ES
105+ 105

5+ .5

52 UP SILQN( 10020) PARTIAL WIDTHS (KEV)

Wl
Wl C

Wl C
Wl
Wl AVG
Wl STUDENT

UPSILCN( 10020) INTO E+
0 ~ 32 0 ~ 13
0 35 0 14

~ 0 ~ ~ 1 ~ ~ ~ ~

0 334 0 ~ 095
0 33 0 10

E— (G2)
B IENLE IN 7& CNTR E+E-
OARDEN 78 DASP E+E—

4/78¹
4/78¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ ol
AVERAGE USI NG STUDENT I 0(H/ 1~ 1 I ) -- SEE MA IN TEXT

Wl C ERROR S COMPLETFLY CQRR ELATED

52 UPSILON(10020)-UPSILON(9460) MASS DIFFERENCE (MEVl

CHARGED
S 100

W 1700
SD 200
S 300
S 300
SD 190

D 620
SD 260
SD 70
SD 50

720
600

S 3CO
S 430

0 540
S
S
S
S
S 115

D 341
S 175

1000
2886

728
3229

D1027
SD 127

4404
D 765
D1150

I 9000
1&OO
1225
6706

XS

AVG
STUD E NT

ONLY THI
( 898 ~ 0)

891 0
( 889 ~ 5)
(.891 0)
( 895 0)
(895 )
891 a

( 892 ~ 5)
( 89&a )
(883 )

890
889

( 896 ~ 0)
( 893~ )

888 ~

(891 )
(887m)
( 890~0)
( 892 0)
( 896 ~ 0)
892 ~ 0

(884 ~ 0)
891 ~ 0
894~
892 .
892
892

( 895 ~ )-

892+ 2
894 ~ 2
894+ 3

( 891 ~ 9)
890m 7
886 6
891 ~ 7

( 892m 4)
~ ~ I ~

891~ 79
891+74

S I S WHAT A

(5 0)
1 2

(3 6)
(3 ' 0)
(3 0)
(3+ 6)

2 3(3.3)(9.0)
(7 ~ Ol
3 ~ 0
3 ~ 0

{5 0)
(3 0)

2 ~ 5
(4 ~ 0)
(3 ~ 0)
(5 0)
(3 0)
(4 0)

2 ~ 6
{5 0)

ZiO
leo
2 ~

1 ~ 0l.e
(4 ' 5)

1 ~ 5
2+0
1 ~ 5

(os7)
0 9
2
0 ~ 6

(5 ~ 0)
0 ~ ~ 0

0 ~ 36
0 ~ 38

PPEARS ON MESON TABL
CHADWICK 63
WC JC ICKI 64
ADELMAN 65
FERRO-Luz e5
GELS EMA 65
BQMS E 67
DE BAERE 67
DE BAERE 67
SALLSTRQM 67
SALLSTROM 67
BARLOW e7
BA RLOW 67
CCKF CRT O 67
DE WI T 68
DE W IT 68
F I CENEC1 68
F I CENEC1 68
F I CENEC2 68
FICENEC2 68
SCHW EINGR 68
SCHWEINGR 68
KANG 68
CRENNELL 69
F R I E DMAN 69
FR IEDMAN 69
FRIEDMAN 69
FRIEDMAN 69
L IND 69
AGUILAR1 71
CLARK 73
C LARK 73
PALER 75
AGU I LAR 78
BALA ND 78
COOPER 78
MARTI N 78

E
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
SPEC

1 5 K+P(K PI)
jo7 K-P(KO PI —}
1 5 K-P

K+P
1 ~ 5 K-P( KO PI —)

2 3 K+P {Ko P I+ )
3 5 K+P (KO PI+)
3 ~ 5 K+P (K+ P IO)
3 ~ K+ P {Ko

PI+�)

3 K+ P (K+ PIO)
1 ~ 2 PBARP ( Ko PI )
I ~ 2 PBARP( K PI )
0 ~ PBARP(KO PI )
3 0 K-P(KOPI —)
3 0 K P

1 3 K-P ( K-P IO )
1 3 K-P ( KOPI —)
2 7 K- P( K—BIO)
2 7 K— P(KOPI —)
4 1 K-P{ KO P I —)
5 ~ 5 K P{Ko PI-)
4 ~ 6 K—P{K PI)
3 9 K-N (KOPI-)
2 1 K-P(KO PI —)

2 ~ 45 K P(KO PI }
2 6 K-P(KO PI- )
2 ~ 7 K P(KO PI —)

9 ~ K+ P
3~9y4 6 K- P

3e 13 K-P( KO PI —)
3 ~ 3 K-Py P PI- KO
14+3 K-P ~ K¹- X+
~ 76 PB PyK KS PI
12 PB Py INCLUSI V
~ 76 PB Py INCLUSV
10 K+—PyKS P I P

12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/ 75
12/75
12/75
12/75
12/7 5
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
1Z/75
12/75
12/75
11/71
12/75
12/75
12/75
12/78¹
4/78¹
4/78¹

12/78¹

AVERAGE t ERROR INCLUDES SCALE FACTOR OF le 11
AVERAGE USI NG STUDENT10(H/I 11) -- S EE MAIN I EXT

Rl
Rl

52 UP SILON( 10020) BRANCHI NG RATI GS

77 SP EC
UPSILON( 10020) INTO(MU+ ML!-) /TOTAL

SCEN HERB
( Pl )

400 P A y MU+ MU- 12/78¹

NEUTRAL ONLY
S 70 ( 897~ 0)
S 120 ( 899 ~ )
S 310 ( 897~ )
S ( 889m 0)

D 1040 894 ~ 7

(10' 0)
(4.0)
{4~ 0)
(5 0)
lo4

COLL EY 62 HBC
BARLQW 67 HBC
BARLOW 67 HBC
CQNFQRTO 67 HBC
DA UBER 67 HBC

0 2%0 PI-P
0 1 ~ 2 PBAR P
0 1~ 2 P BAR P
0 0 P BAR P
02 ~ 0 K-P ( K- P I+ )

12/75
12/75
12/75
12/75
12/75
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Data Card Listings
For notation, see key at front of Listings.

Me sons
K'(892)

M AS 490 t 892 0)
M SO t 895
M SD (901 l
M SD 150 ( 896» 0}
M SD120 t 903, 0)
M S 200 ( 899~ 0}
M 10K 893~ 7
M WAD2200 ( 890 ~ 0)
M W 4300 895 0
M D2934 897 9
M 05362 898 ~ 0
M 01700 898 4
M 3186 896 ~ 0

C 894 0
M 10K 896 0
M 896 ~ 0
M C 89e.
M 3600 895 5
M I 22K ( 897 ~ 1)
M 897» 6
M 1180 898
M P 895» 7

894 ~ 9
» ~ ~ ~

M AVG 896» 10
M STUDENT 896 02

(4 0)
(4 0)
(4»0)
(4 5)
(5 0)
(5 ~ 0)

2 0
(1 ~ 3)
j»0
1»l
0»7
l»3
1 0
1 3
0 ~ 6
0»e
2 ~

1 ~ 0
(0 7}

0 9
1 4
0 ~ 3j.e

GEORGE
F I CENEC1
F I CENEC2
SCHWE INGR
SC H WE I'NG R
KANG
DA VIS
DE BAERE
HABER
AGUILAR1
AGU ILARl
BUCHNE R

LEWIS
LI NGLI N

FOX
FOX
MA TI SON
MCCUBBIN
PALER
BOWLER
AGU ILAR
ESTABROOK
WICKLUND

67 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 HBC
69 HBC
70 OBC
71 HBC
71 HBC
72 DBC
73 HBC
73 HBC
74 RVUE
74 RVUE
74 HBC
75 HBC
75 HBC
77 DBC
78 HBC
78 ASPK
78 A SPK

0 5»0 K+ P
0 1 3 K-P (K-PI+)
0 2 ~ 7 K-P I K-PI+ )
0 4 ~ 1 K-P (K-P I+)
0 5» 5 K-P(K-PI+)
0 4 ~ 6 K-P ( K-P I+)
0 12 K+P(K+PI —)
0 5 0 K+P( K+PI-)
0 3» K-N (K-PI+)
0 3»9g4»6 K- P
0 3 ~ 9g4»6 K- P
04 ' 6 K+ NgK+ PI—
02 1-2~ 7 K+ P
OZ- 13 K+Py K+P I-
0 2 K-Py K-PI+I
0 2 K+Ne K+PI-P
012 K+Pg K+P I-
0 3 6 K-P g K-PI+N
014 3 K-PyK&0 XO
05»4 K+Dg K+PI-P P

0 ~ 76 PB PyK KS PI
013 K+-Py K+-PI+-

0 3y4gb PI+-PN

12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
1Z/75
12/72
2/74

12/75
12/75
12/75
12/75
12/75
12/75'
12/77
12/784'
12/77
4/78+

~ ~ » ~ ~

0.26 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»4)
0»24 AVERAGE USING STUDENT10(H/l»ll) -- SEE MAIN TEXT
( SE E IDEOGRAM BELCW )

WEIGHTED AVERAGE = 896.10 + 0.26
ERROR SCALED BY

890 894 898
NEUTRAL K&(892) MASS (f1EV)

WICKLUND 78
ESTABROOK 78
AGUILAR 78
BOWLER 77

. f1CCUBBIN 75
l1ATISON 74
FOX 74
F 0)( 74

.LINGLIN 73
LEWIS 73

UCkNER 72
GUILARi 71
GUILAR1 71
ABER 70
AUIS 69
AUBER 67

I

902 906

ASPK
ASPK
HBC

DBC
HBC

HBC

RUUE

RVUE

HBC

HBC

DBC

HBC

HBC

DBC

HBC

HBC

C}4ISQ
0.6
1.7
2.7

0.4

0.0
0.0
0.0
2.6
0.0
3.1
? .4

2.7
1.2
1.4
1.0

27. 7
(CONLEV
=0.024)

M A INCLUDED I N LI NGL IN 73 WORLD K+P DST
M C FROth POL E EXTRAPOLAT ION
M 0 MASS ERR ORS ENLARGED BY US TO GAMMA/ SQRT f N } ~ SEE T YPED NOTE ~

M I INCLUSIVE REACTION COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS
M P FROM PHASE SHIFT ANALYS IS OF 155000 EVENTS
M S - DATA WITH MASS ERROR GF 3 MEV OR MORE NOT AVERAGED
M W NUMBER OF EVENTS IN PEAK REEVALUATED BY US '

M X SYSTEMATIC ERROR ADDED

18 K+ t892} WIDTH f MEV )

CHARGED
S 100

W W 01700
W SO 200

SD 300
W SD 300
W SD 190
W . D 620
W SD 260
W SD 70
W SD 50
W SD 210
W 720
W D 600
W SD 430

D 540
W S

S
SD 115

W SD 341
W S
W S

SD 175
W D288e

D 728
D3229

W D 1027
W SD 127
W D4404

D 765
W W D1150
W I 9000

. W 1800
W 1225

D6706
W

W

AVG
W STUDENT

ONLY» THIS
(46 0}

46 ~ 0
( 51 ~ 0)
f 47 ~ 0)
(50 0)
( 50 ~ )
56 ~ 0

(53. )
(68 ~ )
(47. )
f 44
43 ~

53,
(58. )

44 ~ 0
(58 )
(44»)
t 41 ~ 0 l
f 47 ~ 0)
( 57 ~ 0)
(48. 0)
(52» Ol
53 '
49.
46.
49»

(50. )
54 ~ 3
46 ~ 3
48 2

( 52 ~ 1)
45 ~ 8
43 ~ 0
52, 0
50 ' 9»»»»
50 34
50 ~ 38

IS WHAT

(8 ~ 0)
5 0

(15 0)
( ll ~ 0)
(12 ~ 0)
(15»0)

9 ~ 0
(13' 0)
( 33.0)
(21 ~ 0 )
(12»0)

9 0
9 ~ 0

( 12 ~ 0)
8»0

(16 0)
(13 0)
(16 ~ 0)
(10 0)
(13' 0)
(9' 0)

( 16 ~ 0]
4»0
7 ~ 3
3 ~ 2
6 1

( 18»0)
3 ~ 3
6 7
5 ' 7

(2 ~ 2)
3 ' 6
8»4
2 5
1 ~ 0

0 ~ 77
0 ~ 87

APPEARS ON MESON TABL
CHADWI CK 63
WOJC ICK I 64
ADELMAN 65
FERRO-LUZ 65
GCLSEMA 65
BOMS E 67
DE BAE RE 67
OE BAERE eT
SALLSTRDM 67
SALLSTROM 67
BARLOW 67
BA RLOW 67
BARLOW e7
DE WI T 68
DE W IT 68
FI CENEC1 68
F I CENEC1 68
S CHW E INGR 68
SCHWEINGR 68
FICENEC2 68
F I CE NEC2 68
KA NG 68
FR IEDMAN 69
FRIEDMAN 69
FR IE OMAN 69
FRI EDMAN 69
L I ND 69
AGU ILAR1 71
CLARK 73
CLARK 73
PALER 75
AGUI LAR 78
BAL AND 78
COOPER 78
MART IN 78

E
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
DBC
DBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
SPEC

1 ~ 5 K+P(K PI )
1» 7 K-P( KO PI —)
1 ~ 5 K-P
3 ~ 0 K+P
1~ 5 K-P(KO PI-)
2 ~ 3 K+P (KO P I+)
3 5 K+P( KO PI+)

3 5 K+P ( K+ PI 0)
3. K+ P (KO P I+ )
3 ~ K+ P (K+ PI 0)

1 ~ 2 P BAR P
1 ~ 2 PBARP( KO PI )
1 ~ 2 PBARP( K PI)

3» K- D
3» K- D

1,3 K-P (K-P IO )
1 3 K-'P ( KOP I-)
4 1 K-PtKO PI —)
5 5 K-P (KO PI-)
2 7 K- P( K-P IO)
2 ~ 7 K- P(KOPI-)

6 K- P
2, 1 K-P I KO PI-}
2 45K-P(KO PI-)
2»6 K-Pt KO PI —)
2 ~ 7 K-P(KO PI-)
9 K+ P
3.9y 4»6 K- P

3»13K-Pg P PI — KO
3 3 K-PyP PI — KO
14 ~ 3 K-P~K+- X+
~ 76 PB PyK KS PI
12 PB Py INCLUSI V
»76 PB Pg INCLUSV
1 0 K+-P ~ KS PI P

12/75
12/75
12/75
12/75
1Z /75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/ 75
12/75
12/75
12/75
12/75
12/T5
12/75
12/T5
1Z/75
12/.75
12/75
12/75
12/75
12/75
12 /T5
12/75
jz/78~

4/ 78&
4/78+

jz/78+

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0 }
AVERAGE' USING STUDENT10(H/1» 11) -- SEE MAIN TEXT

W NEUTRAL 0
W SO 70
W S 310
W SD 120
W D1040
W S
W S
W SD 200

SD 120
W SD 150
W D 10K

WAO2200
W W D4300
W 2934
W D5 362
W D 1700
W D3186

C
10K

W

W C
W 3600
W I 22K
III

W 1180
W P
W

AVG
W STUDENT

N LY.
( 60. 0)
(53 ~ )
(34. )

44 '
( 52 ~ )
(50» 0)
(48 ' 0}
t 51.0)
( 53»0)
53 2

(58 0)
54 ' 0
55. 8
48 5
51» 4
46 ~ 0

(46 ' 5)
47 ~

51 ~

(47. )
48 ~

(50.e)
48 ~ 9
45 9
52 ~ 9
51 2

(29 ' 0)
(13 ~ 0)
( 12~ 5)

5 5
(12»0)
(8 0)

t le.0)
( 19~ 0)
(17 5)

2»l
(5 ~ 0)
3 ~ 3
4 ~ 2
2 7
5»0
3 ~ 3

(1 5)
2 ~

2 ~

t3
3

f2 5)
2 ~ 5
4 ~ 8
0 ~ 4
1»7

I

3 ~ 4

2 ~

COLLEY 62
BARLOW 67
BARLOW 61
DAUB ER 67
F ICENEC1 68
F ICE NEC2 68
KANG 68
SCHWEINGR 68
SCHWE INGR 68
DAVIS 6&
DE BAERC 69
HABER 70
AGUI LARl 71
AGUI LAR1 71
BUCHNE R 72
LEWI S 73
L INGLIN 73
FOX 74
FOX 74
MAT ISON 74
MCCUBB IN 75
PAL ER 75
BOWLER 71
AGUI LAR 78
ESTABROOK 78
WI C KLUND 78

HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC
HBC
DBC
HBC
HBC
RVUE
RVUE
HBC
t-}BC
HBC
DBC
HBC
ASPK
ASPK

0 '2 ~ 0 PI —P
0 1.2 PBAR P
0 1 2 PBAR P
0 2 0 K- P
0 1 ~ 3 K-P (K-P I+ )
0 2 7 K- P(K-PI+)
0 4 ~ 6 K-P ( K—PI+)
0 5.5 K-Pt K-PI+}
0 4 1 K-P(K—PI+)
0 12 K+P(K+PI —)
0 5 0 K+P I K+PI-)
0 3 ~ K-N ( K-P I+ )
0 3 ~ 9g4 ~ 6 K- p
0 3 ~ 9g4 6 K- P
04 6 K+ NgK+ PI-P
02 1-2 ' 7 K+P
02-13 K+P g K+P I-
0 2 K-Pg K-P I+N
0 2 K+Ng K+ P I-P
01 2 K+Pg K+P I-
0 3 6 K—PyK-PI+N
014»3 K-Py K&0 XO
05 4 K+Dg K+PI-P P

0 ~ 76 PB PyK KS PI
013 K+-Pg K+-P I+-

0 3g4ge PI+-PN

12/75
12/75
12/75
12/75
12/75
12/75
12/75
1Z/75
12/75
12/75
lz/75
12/75
11/71
12/75
12/72
12/75

1/74
12/75
12 /75
12/75
12/75
12/75
12/77
12/ 784
12/77
4/78+»»»»» ~ ~ ~

52 23 0 ~ 52 AVERAGE ( ERROR I NCLUDES SCAL E FACTOR OF 1 ~ 5 )
52 26 0 ~ 50 AVERAGE USING STUDENT10(H/1» 11} —SEE MAIN TEXT

( SE E I DEOGRAM BELOW )

Note on K* (892) Nasses and Mass Dif ferences

WEIG}4TED AVERAGE = 52.23 * 0.52
ERROR SCALED BY 1.5

Unrealistically small errors are reported by

some experiments. We use simple "realistic" tests
for the minimum errors on the determination of mass

and width from a sample of N events:

(m) (I')
I'

min
N

(For detailed discussion see the Apr il 1971 edit. ian
' of this note. ) We consistently increase unrealistic
errors before averaging.

.WICKLUND
ESTABROOK
AGUILAR
BOWLER
f1CCUBBIN
FOX
FOX
LEWIS
BUCHNER
AGUILAR1

. AGUILAR1
HABER
DAVIS
DAUBER

35 45 55 65
NEUTRAL Kttt (892) WIDTH (MEV)

78 ASPK
78 ASPK
78 HBC
77 DBC
75 HBC
74 RVUE
74 RVUE
73 HBC
72 DBC
71 HBC
71 HBC
70 DBC
69 HBC
67 HBC

l

75

CHISG}
0.4
2 ~ 8

1.8
2.9
0.4
6.8
3.6

1.9
D. g
0»3
0.2

21.9
(CONLEV
=0.016)

18 K+ f 0) — K& (+—l MASS DIFF (&EV)

283
S01400
SD1600

7338
2980

AVG
STUDENT

6»3
(b. 5)
(9 ' 5}

5 1
7 7

~ ~ ~

6 ~ 7
6 ~ 7

4.1
( 5.0)
(5»0 }
1 7
1 7

» ~ ~ ~ ~

1 ~ 2
1 ~ 3

BARASH 67 HBC 0 PBAR P 12/75
F I CE NEC1 68 HBC 1 ~ 3 K- P 12/75
F ICENEC 2 68 HBC 2 ~ 7 K- P 12 /75
AGUI LAR1 71 HBC -0 3»9e 4»6 K- P 11/71
AGUILAR 78 HBC + ~ 76 PB P y K KS PI jz/78+

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1» 111 -- SEE MAIN TEXT

A INCLUDED 1N LINGLIN 73 WORLD K+P DST
W C FROM FOLE EXTRAPOLATION.

0 WIDTH ERRORS ENLARGED BY US TO 4+GAMMA/SQRT(N). SEE TYPED NOTE.
W I INCLUSIVE REACTION ~ CCMPl ICATED BACKGROUND ANO PHASE-SPACE EFFECTS
W P FROM PHASE SHIFT ANALYSIS OF 155000 EVENTS ~

W S DATA WITH MASS ERROR OF 3 MEV OR MORE NOT AVERAGED
W W NUMBER OF EVENTS IN PEAK REEVALUATED BY US

D D MASS ERRORS ENLARGED BY US TO GAMMA/SQRT(N) . SEE TYPED NOTE
D S DATA WITH MASS ERRCtR OF 3 MEV OR MORC NOT AVERAGED
D W NUMBER OF EVENTS IN PEAK REEVALUATED BY US

Rev. Mod. Phys. , VoI. 52, No. 2, Part II, ApriI 1980



S164 Particle Data Group: Review of particle properties

Me sons
K'(8S2), q

Data Card Listings
For notation, see key at front of Listings.

Pl
P2
P3

18 K+ ( 892 ) PARTIAL DECAY MODES

K&( 8921 INTO K PI
K+ (892) I NTO K PI P I
K&( 892) I NTO K GAMMA

DECAY MASSES
49 3+ 139
493+ 139+ 139
493+ 0

Q REGION, K7r7r(12QQ —14QQ)

18 K+ (892 ) BRANCHING RATIOS

Rl K&(892 ) INTO (K PI PI )/(K P I ) ( P2) /(P1)
Rl 0 (Oo 002) OR LESS WQ JCICKI 2 64 HBC — 1 7 K-P
RI 0 (0 ~ 0007)R LESS CL=O ~ 95 JONGEJANS 78 HBC 4 K-PgP KO 2PI 4/78+

R2 K&( 892) INTO ( K GAMMA I /TOTAL ( UNITS 10&+-3) (P3)
R2 (1 ~ 6) OR LESS CL= 95 BEMPORAD 72 CNTR + 10 -16~ K+AgCOUL 1/73
R2 1 5 0 ' 7 CARITHERS 75 CNTR 0 8-16KOBAR A ~ COUL 12/75

28 Q REGION ( 1200—1400) I =1/2

The main effect in the Q region is a broad

bump in the K717l spectrum between 1200 and 1400 MeV

(not far above the K* (892) 7i threshold), produced by

ALSTON 61 PRL 6 300
ALEXANDE 62 PRL 8 447
COLLEY 62 CERN CONF 315

WQ JC ICK I 64 PR 135 8 484

ADELMAN 65 ATHENS 527
FERRO-LU 65 NC 36 1101
FERRC—LU 65 NC 39 417
GELSEMA 65 THESI S
WANGLER 65 PR 137 8 414

BARASH
BARLOW
BQ MS F
CCNFORTO
DAUBER
DE BAERE
F RENCH
GEORGE
SALLSTRO

DE W IT
FI Cc NEC1
F I CENEC 2
KANG
SCHWE ING

CR ENNELL
DAVI S
DE BAER E
FR IE OMAN

JUHALA
L I ND

67 P R 156 1399
67 NC 50 A 701
67 PR 158 1298
67 NP B3 469
67 PR 153 1403
67 NC 51 A 401
67 NC 42A 442
67 NC 49A 9
67 NC 49A 348

68 THE SI S
68 P R 169 1034
68 PR 175 1725
68 PR 176 1587
68 PR 166 1317

69 P Rl 22 487
69 PRL 23 1071
69 NC 61 A 397
69 UC R L-18860
69 PR 1 84 1461
69 NP B 14 1

ATHERTQN 70 NP B 16 416
HABER 70 NP B 17 289

AGU ILAR
AGUI{ AR1
BARiNHAM

BUCHNER
CORDS
MERCER
YUTA

71 PRL 26 466
71 PR D 4 2583
71 NP 8 28 171
71 NP 8 29 381
71 PR 0 4 1974
71 NP B32 381
71 P RL 26 1502

ABRA MOV I
BI NGHAM
BEMPCRAD
BR UNET
BUCHNER
CREi{NElL
DE UT SCHM
ENGEL MAN

ROUGE
T I EC KE

72 NP B
72 NP B
72 NP 8
72 NP 8
72 NP 8
72 PR D

72 NP B
72 PR D

72 NP B
72 NP 8

39 189
41 1
51 1
37 114
45 333
6 1220
36 373
5 2162
46 29
39 596

BERTHON
CHARRI ER
CLARK
LEWIS
LI NG L IN
WALUCH

73 NP B
73 NP B
73 NP B
73 NP B
73 NP 8
73 PR 0

63 54
51 317
54 432
60 283
55 408
8 2837

FOX
MAT I SON

74 NP B80 403
74 P R D9 1872

BRAiNDENB 75 PL 59 B 405
CA RI THE R 75 P RL 35 349
MC CUB BI N 75 NP B 86 13
PALER 75 NP B96 1

CHADWICK 63 PL 6 3C9
GOLDHABE 63 ATHENS CONF 92

STANLEY G WGJCICKI (LRI )

STUART LEE ADELMAN (CAVENDISH)
FERRO-LUZZI g GEORGE gHENRI g JONGE JANS (CERN)
FERRO-LUZZIg GEORGEg GOLDSCHMIDT —CLER+ (CERN}
E ~ S, GE LSEMA ( SEE ALSO PL 10 341) ( AMSTERDAM I
W'ANGL ER g ER WIN g WA OKER ( WI SCONSI N)

BARA SH gKI RSCH g MI LLEW g TAN ( COLUM BI A )
+MQNTANETg D—ANDLAU+ ( CERN+CDEF+IRAD+L IVP)
+BQRENSTEI N+COLE+GILLES PIE+ ( JOHN HOPK INS )
+MARECHAL g MONTANET+C E RN+CD EF+ I PN+ LI VERPCDL
+SCHLE INg SLATERg TICHQ ( UCLA)
+GOLDSCHMIDT —C LERMCNT g HENRI+ ( BRUX+C ERN)
+K INSON+MCDONALD+R IDD IFORD+ (CERN+8 IRM I

+GOLDSCHMIDT-CLE RMQNT+HENRI+ (CERN+BRUX }
SA LL STRCM+OTTE R+ E KSPONG ( STOCKH CLM)

S ~ DE WIT
+HUL S I Z ER+ SW AN SON+ TRO WE R
F ICENECg GCRDCNg TRQWER
Y ~ W ~ KA NG

SCHW E I NGRlj BER DERR ICK g F I EL 0S+

( AMST ERCAM)
( ILL)

( ILL INC IS )
( IOWA I

( ANL+NWE S)

+KARSHONgLAI gONEALLg SCARR ( BNL)
+DERENZO, FLATTE, ALSTCN, LYNCH, SOLMITZ ( LRL )
+GOLDSCHMI DT-CLERMONT HENRI + (BELG+CERN)
J ~ FRIEDMANg PH ~ D ~ THESIS {LRL}
+lEACOCKgRHQDEg KOPELMANgLI BBY g+ ( ISU+CCLO)
+ALEXANDERg FIRESTONE gFU gGOLDHABER ( LRL)

+FRANEK rFRENCHgF Rl SK gBEDNAR+ (CERN+PRAG)
+SHAPIRAg ALEXANDER+ ( REHO+SACL+BGNA+EPOL}

+BARNESgBASSANOgEISNERgKINSONgSAMIOS (BNL}
+EISNERg KI }SCN (BNL }
+COL LE Y g JOBE S g GRI F F I THS g HUGHES g+ ( BI RM+GLAS )
+DEHMg GOEBELg GOLDSCHMIDTg+ (MP IM+CERN+BELG I
+CARMONYgERWINg MEIEREg+ ( PURD+UCD+IUPU )
+ANT ICH gCALLAHANgCHIEN gCQXg+ ( JOHN HOPKINS)
+DERRICKg ENGELMANNgMUSGRAVE (ANL+EF I )

ABRAMQVICH, CHALOUPKA CHUNG HIL PERT + ( CERN)
+ ( I NT E RNAT I ONAL K+ COLLABORAT ION )
+BEUSCHg FREUDENRE ICH g+ ( C ER N+ E T H+ L C I C )
+DANYSZg GQLDSACK ~ + ( CDEF+SACL+LOI C+LQWC}
+DEHMg CHARRI ERE g CORNET g+ ( MP IM+CERN+8 FUX )
+GORDQNg KWAN —WU LA Ig SCARR ( BNL)
D E UT SCH MANN g+ ( ABCLV COLL ABQRAT ION )
ENGELMANNg MUSGRA VE,FORMAN, + (A NL+EFI )
+VI DEAUg VOLT Eg DE BR IONg + ( EPQL+SACL)
+GR I JN 5 g HE I NEN g 0 E GROOT g+ ( NI JM+A YST )

+MON TANET g P AUl g B ERTRANE Tg+ ( C ERN+S ACL )
CHARR I ERE, DRI JARDg DE BAEREg+ (CERN+8 ELG)!
+LYONS g RADCJI CIC (OXFORD)
+ALLENg JACOBS, DANYSZg BORGg+ (LOWC+LOIC+CDEF )
D ~ LI NGL IN (CERN)
+FLATTEgFRIEDMAN (LBL)

GoC FQXg M L.GRISS / (CIT I
+GALTIERI gGARNJQSTgFLATTEgFRIEDMANg+ (LBL)

BRANDE NBURG g CARN EGI E g CA SHMORE g DAY I ER+ ( S LAC)
CAR ITHERS g MUHLEMANNg UNDERWOOD g+ ( RQCH+ MCGI )
N A. MCCUBB INg L ~ LYONS (OXF )
+TQVEYg SHAH SPI RO CHAURAND+(RHEL+ SAC L+E FQL)

REF ERENCES FOR K+( 892)

ALSTON gALVAREZ g E BERHARD gGQODg GRAZ IANO+( LRL)
ALEXANDERg KA{ BFL FISC Hg M ILL ERg G SMITH ( LRL)
D COLLEYg N GELFAND + (COLUMBIA+RUTGERS )

CHADWICK gCRENNElLg DAV I ESg BETT I NI+(OXF+P ADO )
SULAM I TH GOLDHAB E R ( LRL)

JP

K beams without charge exchange. In particular, it
+

has been observed in coherent K d interactions
{FIRESTONE 72 ) and in coherent inte ractions on

heavy nuclei (BINGHAM 73) . Throughout the entire
p +region, J = 1 and I = 1/2. FIRESTONEl 72 observe

a bump in the backward direction with a shape

similar to that. of the Q. The broad Q peak does

not. have a simple Breit —Wigner shape. It can be

fitted at all energies by a superposition of two

Breit-Wigner amplitudes. Dalitz plot analyses of
the inter ference between the K*77 and Kp modes show

the relat. ive magnitude and relative phase of the
two decay amplitudes varying with K7T7T mass. The

Kp mode has a maximum intensity below that of K*7I.

Partial-wave analyses have confirmed the rather
complex situation in the g region (DEUTSCHMANN 74,
ANTIPOV 75 f OTTER 75 ~ 76 ~ TOVEY 75 I BRANDENBURG 76 g

VERGEEST 79) . The dominant states are
1 S (K*7T), almost ent. irely I = 1/2 {VERGEEST 79),

+ pand 1 S (Kp) . Other important states are J = 0
p= + *and J = 2 . The K 7I' and Kp modes are not produced

coherently and have different. polarization proper-
ties (BRANDENBURG 76, OTTER 76, VERGEEST 79).
Whereas the KP mode approximately conserves

s-channel helicity, the K*7I mode is approximately

t-channel helicity conserving.
Experimentally, those data with sufficient

statistics show the presence of a two-peak structure
(OTTER 76, BRANDENBURG 76). BRANDENBURG 76 claim to

KIRK
BOWLER

AGUILAR
BALAND
BALDI
COOPER
ENGcl EN
ESTABRQC

ALSO
JCNGE JAN

MART IN
WI CKLUND

76 NP 8 116 99
77 NP 8 126 31

78 NP
78 NP
78 NP
78 NP
78 NP
78 NP
78 PR
78 NP

8 141 101
B 140 220
8 134 365
8 136 365
B 134 14
B 133 490
D 17 658
8 139 383

78 NP 8 134 392
78 PRD 17 1197

+KLE IN g COUNI HANg +( AACH+BERL+CE RN+ LOI C+ W I EN)
+DAI NTCNg DRAKEg W ILLI AMS (QXFCRD )

+F ERNANDE Zg COOPERg + ( MADR+TATA+CER N+C DEF )
+GRARD g JOHNSON g+ ( MONS+ BELG+CE RN+LOI C+LALO)
+BOHR I NGER g DOR SA Z g HUNG E RBUHLER+ (GEVA)
+GURTU g DODRZYNSKI g+ (TAT A+CERN+CDEF+MADR )
+ JONGE JANS gHEMI NGWAY g+ ( NI J M+2 EEM+CERN+OXF )
ESTA BROOKS, CARNEGIEg + (MQNT+CARL+DURH+SLAC )
E STA BROOKS gCARNEGI E+ ( MONT+C ARL+DURH+S LAC )

J0NG EJ A N S g C ER RA 0 A g + ( Z E E M+C E R N+ NI J M+ CXF )

+ SHI MADA BALDI BOHRI NGE R DORS AZ+ ( DURH+GEVA }
+AYR ESg DIEBOLDg GREENEgKRAMERg P AWLI CKI ( ANL I

igiQAc QQi!i ggQQ

observe suf ficient phase variation to warrant
p +

proposing the, existence of two J = 1 K7T7T resonances:

Q, with a mass around 1280 MeV, a width of the
order of 150 MeV, and mainly coupled to the Kp

channel; and Q2, with a mass around 1400 MeV, a

width of the order of 150 MeV, and mainly coupled
to the S -wave K*7l channel (CARNEGIE 7 7 ) . These

results are exper imen tally conf irmed by VERGEEST 79

and supported by the BOWLER 77 and BASDEVANT 79

analyses.
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Data Card Listings
For notation, see key at front of Listings.

AACHEN 76 and NOHL 78 have shown some evidence

for a K@ decay of the Q in diffraction-like1
processes.

The (K7TTi) system produced in the charge-0

exchange reaction appears to have an important

J = 1 contribution (OTTERl 75, VERGEEST 76). Thep +

+ * +1 (K Ti) and 1 (Kp) waves cannot, be explained as

HL
ML

HL
HL
HL
HL

ML
Hi
HL
HL
ML

ML

ML

ML

HL

HL

C
E

C
E
E

28 Q LOW (Qj) MASS (HEV)

FROM EXPERIMENTS SPLITTING Q REGION INTO TWO PEAKS

( 1280 ]
(1260 ~ 0)
{1240' 0)
{1243 ~ )
(1228 ~ )
{1260 }
(1234 )
(1300 ' )
( ].289 ~ 0)
( 1 270 ~ 0)
( 1300 0)

(10 0)
{5~ 0)
(8 ~ )

(14 ]

(12 )
APPROX ~

( 25»0)
APPROX ~

APPROX ~

SHEN
ALEXANDER
BARNHAM
GARF INKE L
ANDERSON
DAVIS
F I RE STONE
BRANDENB
CARNEGI E
OTTER
VERG EEST

66 HBC
69 HBC
Tl HBC
71 DBC
72 DBC
72 HBC
72 DBC
76 ASPK
77 AS PK
76 HBC
79 HBC

+ 0 4 6 K+P~ 5 BODY
9 ~ 0 K+ P

+ 10.0 K+P pK 2P I
+ 9 ~ K+ 0

7 3 K- D
+ 12 K+ P.
+ 1Z K+ D
+- 13 K+—P ~ ( KPI PI ) P
+- 13 K+-P ~ P KPI PI

10- 14-16K-P
+- 4 ~ 2 K—PyK PI PI

COUP LES MAINLY TQ RHQ K

FROM A MODEL DEPENDENT FIT WITH GAUSSIAN BACKGROUND TO
BRAND EMBUR G 76 DATA ~

12/72
12/75
12/75
12/75
12/75
12/72
2/73

12/75
12/77
12 /77
12/794

decay products of a single resonance and the K*Ti

wave behavior suggests a resonance contribution
around 1400 NeV (VERGEEST 76).

There are a number of claims for the observa-

tion of K7TTi resonances in the Q mass region in other
non-diffractive processes (ARNENTEROS 64, CRENNEL

67, 72, ASTIER 69, DAVIDSON . 74, DORK 75). These

data can be described in terms of a single resonance

of characteristics consistent with those of the Ql
(CONFORTO 77) . A result from the hyperon-exchange

ML

HH

MH

MH

HH

HH

MH

MH

HH

HH
MH

MH

MH

MH

HH

HH

HH

MH

AVERAGING NOT MEAN INGFUL

(10 0)
(20 0)
(5i 0)
(8 ~ )

(15»]

70(1320 ~ 0)
{1380~ 01
( 1420~ 01
(1344~ )
( 1414» )
( 1420 )
(1368~ )
(1400 )
(1404~ 0)
{1400» 0)

{18 ~ )
APPROX ~

(10 ~ 0 )
APPROX

D

E

D

E

AVERAGING NOT MEAN INGF UL

CCUPLES MAINLY TO K+ P I
SEE NOTE E ABOVE

SHEN 66
AL EX ANGER 69
BARNHAN 71
GARF INKEL 71
ANDERSON 7Z
DAVI S 72
FIRESTONE 72
BRA NDE NB 76
CARNEGIE 77
VERGEEST 79

HBC +
HBC
HBC +'
DBC +
DBC
HBC +
DBC +
ASPK +-
ASPK +-
HBC +-

28 Q REGION WIDTH {MEV)

28 Q HIGH (Q2 ) MASS (MEV)

F RON EXP ER IMENTS S PL ITT ING Q REGION INTO TWO PEAKS

4»6 K+ P
9 0 K+ P

10 0 K+Pg K 2PI
9 K+ D
7 ~ 3 K- D

12 ~, K+ P
12 K+ D

13 K+—Pg (KPIP I ) P
13 K+-Pg P KPI PI
4 ~ 2 K-Pg K PI P I

12/75
12/75
12/75
12/75
12/75
12/72
12/77
12/75
12/77
IZ/79+

reaction (GAVILLET 78) again shows the production
p +of a J = 1 Kp resonance with mass and width close

to those of the Q . Neither ARNENTEROS 64 (nor a

later analysis by ASTIER 69) nor GAVILLET 78 observe

a K*Tr resonance compatible with the Q2. Ho~ever the
PC ++ p +

assignment to a J = 1 SU (3) nonet of the J = 1

Kp resonance together with the A, D (1285), and

E (1420) seems to support the existence of a Q (1400)

with parame ters compatible with those of CARNEGIE1

77 (NAZZUCATO 79 and Dj:ONISI 80) .
Note that IRVING 80 discusses a model for

non-diffractive Q production in which the Q is2

suppressed relative to the Q

PRODUCED BY BEAMS OTHER THAN K MESONS
127 0 7 ~ 0 25 ~ 0 ASTI ER

45 (60. ) CR ENNELL
40 {60 CREKNELL
40 (25 ) (15») DA VIDSQN

E RRQR I NC RE ASED BY US ~ SEE K& TYPED NOT E
43 (30 ) {25») {18») DORE

PRODUCED BY K-e BACKWARDS SCATTERING' HYPER
C 700 75.0 15 ' 0 GA VILLET
C COUPLES MAINLY TO RHQ K

PRODUCED BY. K BEAMS
1'2 (60.01 ( 20 ~ 0) ALMEIDA

C (60»0) (20»0 ) BASSOMPI E
C 35 ( 80. 01 (20» 0) BASS GMPI E

C (60.0) (20 ~ 0) BA SSOMPI E
C SPLIT THE Q REGION INTO 3 BUMPS

( 200» ) APPROX ~ DE BAERE
( 196.0) ' (jb 0] BARTSCH

8 250 ~ APPROX ~ BARB ARO

8 NQ BACK GROUND SUBTRACT ION
45 (40 ~ 0) (10 0 ) BISHOP
21 ( 40 ~ 0} { 15 ~ 0) ERWI N

(51 ~ ) ( 22 ~ ) FR IEDMAN
{80~ 0) (20 ~ 0 ) ABRAHS

( 180~ ) (28 ~ ) FARBER
(180.0) DENEGR I
( 326 ~ ) BARLQUTAU
(266 ) BAR LOUTA U

(150~ ) LEWIS
(47. ) i EWIS

W AVERAGI NG NOT MEANINGF UL

~ 9/69
7/6T

12/72
12 /75

12/75

4/78~

65 HBC
67 HBC
67 HBC
67 HBC

3—5 K+P
5 K+ P
5 K+ P
5 K+ P

12/72
11/67
11/67
11/67

67 HBC
68 HBC
69 HBC

+ 3.5 K+ P 7/67
10 K- PqK NPI 12/75

+ 12.K+ P (K 2PI ) 9/69

69 HBC
69 HBC
69 HBC
70 HBC
70 HBC
71 DBC
73 HBC
73 HBC
73 HBC
73 HBC

3.5 K+P {K& P I )
3 ~ 5 K+P(K& P I )
2.6g2 7 K- P
2 ~ 5-3 2 K+ P
12 7 K+ P
2 6 K-DyK 2PI D

3 K-P i P K-2P I
4.3 K-PgP KOZPI
~ 1—2 ~ 7 K+ P
1—2 ~ 7 K+ P

+
1
1
1

+ 2
+

12/75
12/75
12/75
12/75
12/75

5/71
12/75
12/75
12/75
12/75

69 HBC 0 PBAR P
67 HBC 0 6 P I — P
72 HBC 0 4 5PI-Pg LK2PI
74 HBC +- 1»6-2 2 PBAR P

75 OSPK 06 ~ 2 PI —Pi L HH

ON EXCHANGE
78 HBC + 4»2 K-P gX I —KP IP I

N PRODUCED BY BE
M A 12 42 ~ 0
M A THIS IS THE

45( 13 CO

40{1300.)
M 40{1278 )

M 43(1235

28 Q REGION HASS ( MEV)

AMS QTHER THAN K MESONS
9.0 10.0 ASTI ER

C MESON ~

(5. ]
{10.)

CRE KNELL
CRENNELL
DAVIDSON
DQRE

69 HBC 0 PBAR P

67 HBC 0 6 PI- Pg LK2P I
72 HBC 0 4.5PI —P g LK2P I
74 HBC +- 1.6-2 ~ 2 PBAR P
75 OSPK 06 ~ 2 PI —PgL MM

~ 9/69

7/67
12/72
12/75
12/75

4/78~

BEANS
(25 ~ 0)
(15 ~ 0 )
(10.0}
( 15.0)

Q REGION INTO
A P PROX

(6 0)
4PPROX ~

{ 10~ 0)
{10 0)

(7 ' )
(10 0)
(20 )

P
N

M C
M C

C
M C
M

M

M

N

M

M

M

M

M

M

M

N

RODUCED BY K

12(1320.0}
(1230.0)

35( 1280 ~ 0]
( 1320 0)

SPLI I THE
( 1270~ )
( 1335 0)
(1300 )

45{I 301 ~ 0)
21 (1300~ 0)

( 1281 }
{I 300. 0)
{1260 ~ )
( 1 325. 0)
(1296
( 1283 )
{1315.1

(1260 1

( 1260 }

(5 )
(e. )
(7 )

(10 ~ )
(5 ~ )

ALMEIDA
BA SSQMP I E
BASSQNPI E
BA SSQHPI E

3 BUMPS
DE BAERE
BARTSCH
BARBARO
BI SHOP
ERWIN
FR I EDMAN
ABRAMS
FARBER
DENEGRI
BARLQUTA U

BARLQUTAU
BI NGHAM

LEWIS
LEWI S

65 H8C
67 HBC
67 HBC
67 HBC

67 HBC
68 HBC
69 HBC
69 HBC
69 HBC
69 HBC
70 HBC
70 HBC
71 DBC
73 HBC,
73 HBC
73 HLBC
73 HBC
73 HBC

3-5 K+ P
5 ~ K+ P
5 ~ K+ P
5. K+ P

12/72
11/67
11/67
11/67

+ 3 ~ 5 K+ P
10 K—PgK NPI

+ 12 ~ K+ P { K 2PI)
+ 3 ~ 5 K+P(K+ P I)

0 3 5 K+P(Kil' PI)
2 ~ 6i 2»7 K- P

+ 2.5-3 2 K+ P
+ 12 7 K+ P

12.6 K-Dg K 2P I D

14 3 K—PiP K—2PI
14~ 3 K-Pg P K02P I
5 ~ 5-12»7 CQH K-A

+ 2 1—2 ~ 7 K+ P
+ 2 1—2 ~ 7 K+ P,

7/67
1Z/75
9/69

12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75

M PRODUCED BY K—
w BACKWARDS SCATTERING~ HYPERCN EXCHANGE

H C 700 1275 0 10 ~ 0 GA VILLET 78 HBC + 4 2 K-P XI —KPIP I
C COUP LES MAINLY TO RHO K ~

WL

Wi

WL

Wi

WL

WL

WL

WL

WL

WL

WL

WL

WL

WL

Wi

WL

WH

WH

WH

WH

WH

WH

WH

WH

WH

WH

WH

WH

F

C
E

C
E

SHE N

AL EXANDER
BARNHAM
GARF I NKEL
ANDERSON
DAVIS
F IRE STONE
BRANDENB
CARNEGIE
VERGEEST

( 100»0)
{40,0)

(110» 0)
(70 )

(1 ll» )
(120 )
(188 ~ )
{200. )
(150.00
( 150 ~ 0)

66 HBC
69 HBC
71 HBC
71 DBC
72 DBC
72 HBC
72 DBC
76 AS PK
77 AS PK
79 HBC

+ 0( 20. 0)
(10 ~ 0 ]
(15»0)
(26
(33 )

(18 1

(21 ~ )
A PPROX.

) (71 0)
APPROX

COUPi ES MAINLY TO RHO K

SEE NOTE E ABOVE.

AGING NQT MEANINGFULAVER

4.6 K+P g 5 BODY
9.0 K+ P

10 0 K+PiK 2P I
9 ~ K+ 0
7 3 K- D

12 K+ P
12 ~ K+ D

13 K+ Py (KPIPI )P
1 3 K+—P P KP I PI
4 2 K-PpK PI PI

F

0
E

28 Q HIGH (QZ) WIDTH {NE V)

FROM EXPERIMENTS SPLITTING Q REGION INTO TWO PEAKS

70 (80 0}
( 120 0)
{120~ 0)

(60 ~ )
(89 ' 1

(80 )
(241 )
(160~ )
( 142» 0)
(200 0)

(20 0)
(20 ~ 0)
{15 0)

OR LESS
(24. )

( 30
APPROX.

( 16~ 0)
APPROX»

SHE N 66
ALEXANDER 69
8ARNHAM 71
GA RF I NKE L 71
ANDERSON 72
DA VI S 72
F I RE STONE 72
BRANDENB 76
CARNEGIE 77
VERGEEST 79

HBC +
HBC
HBC +
DBC +
DBC
HBC +
DBC +
ASPK +-
ASPK +-
HBC +-

6 K+P
9 ~ 0 K+ P

10 ~ 0 K+PgK 2P I
9 K+ 0
7 ' 3 K- 0
12 K+ P
12 K+ D

13 K+-P, (KPI PI ) P
13 K+ —Pi P KP IPI

2 K —P~K PI PI

28 Q LOW {Ql) WIDTH (HEV)

FROM EXP ER IMENTS SPL ITTING Q REG ION INTO TWO PEAKS

12/75
12/75
12/75
12/75
12/75
12/72
12/75
12/75
12/77
12/79+

12/75
12/75
12/75
12/72
12/75
12/72
12/75
12/75
12/77
12/79~

M AVERAGING NQT MEANINGFUL
WH. 0
WH E

COUPL ES MA INLY TO Kw P I
SEE NOTE E ABOVE

WH AVERAGING NOT MEANINGFUL
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Particle Data Group: Review of particle properties

Me sons
Q, K'(1400)

Data Card Listings
For notation, see key at front of Listings.

Pl
P2
P3
P4
P5
P6

28 Q REGI Qhl PARTI AL DECA Y MODE 5

Q REG ION IN TO K¹( 892) P I
Q REGION INTO K RHO
Q REG IOhl INTO K PI
Q RFG ION INTO K ETA
Q REG I CN I NTO K CMEGA
Q REGION INTO K PI PI

28 Q REGION PARTIAL H IDHTS (MEV )

DECAY MA SSE5
892+ 139
49 7+ 776
497+ 139
497+ 5 48
497+ 782
497+ 1 39+ 1 39

AL EXANDE
ANDREWS
ASTIER
BARBARO
BETT IN I
BI SHOP
CHIEN
C HUNG
COLL EY
ERHIN
FR IEDMAN
WERNER

69 NP 8 13 503
69 P RL 22 731
69 NP 8 10 65
69 PRL 22 1207
69 NC 62 A 1038
69 NP 8 9 403
69 PL 298 433
69 PR 182 1443
69 NC A 59 519
69 NP B 9 364
69 UCR L-18860
69 PR 188 2023

+GOSHAHgERWINgHALKER {W I SC)
+MALANUD gMELLEMAgRUDNICKgSCHI E IN+ (UCLA)
+E I S NE 8+8 A L I+LU ER S ( BNL)
+ EAS T WOOD g + ( BI RN+G L AS+LG I C+M P I M+OX F+R I;EL )
+WA L KE R g GO SH A W g HEI NB ERG ( HI SC+ P RI N+ V AND)
J ~ FRIEOMANg PH ~ 0» THESIS ( LRL}
+ANNARgDAVI S g KROPACg YARGERg CHOg+ (NHES+ANL ) 1+

G ~ ALEXANDERg FIRESTONEg GOLDHABERg+ ( LRL)
+LACH LUDLAM SANOHEI SS BERGER + (YALE+LRL)
+MAR ECHALg MCNTANETg+ ( CBEF+CERN+IPNP+LIVP) I JP
BARBARC-GALT IERI, DAVIS FLATTE, + (LRL)
+ CR E ST I g L I ME NTAN I g B E 8 TA UZA g 8 I 8 I+ ( PAGO+ P

ISA�

) I

4 ~ 00

PRODUCED BY K-g BACKWARDS
W

W 1 C INTO K RHO
Wl 57 ~ 0 5 0
H2 C INTO K¹ PI
H2 14 0 11 ' 0
W3 C I NTC K OMEGA
H3 4 0
H

SCATTERING g HYPERON EXCHANGE

(Gl)
NAZZUCATG 79 HBC + 4 2 K-Pg XI-KP IPI

{G2)
MAZZUCATO 79 HBC + 4 ~ 2 K-P g XI-KP I PI

( G3)
NAZZUCATG 79 HBC + 4 2 K-P X I-KP IP I

12/79¹

12/79*

12/79¹

ABRAMS
ANT I CH
BOWLER
FARBER

70 PR 0 1 2433
70 NP 8 20 201
70 PL 31 8 318
70 PR D 1 78

8ARNHAM 71 NP 82 5 49
DENEGRI 71 NP 8 28 13
FORMAN 71 PR D 3 2610
GARF INK E 71 PRL 26 1505

+EISENSTEINgKIMg MARSHALLgG-HALLGRANg+ ( ILL )
+CARSONgCHI EN gCOXg DE NEGRI g ETTL I!4GERg+ {JHU)
M G ~ BO'HLER (OXFORD)
+FERBELg SLATTERYg YUTA (RCCH)

+COLLEYgGRIFFITHSg ALPERg + {BIRM+GLAS+GXF )
+ANTICHgCALLAHAN, CARSON gCHI ENg CCXgv ( JHU)
+GELFANDg LEARYg MOSERg SEIDL g WOL FSON ( EF I )
GARF IhlKEL g HOLLAND, CARMQNY g L AND ER+ ( PURD+UCD )

1+

WL

WL

WL1
WL1
WLZ
WL2
HL3
WL3
WL4
WL4
WL5
WL5
WL

Ql INTO K RHQ
75. 0 6 ~ 0

Ql INTO K¹ PI
2 0 2 ~ 0

Ql INTO K OMEGA
24 ' 0 3 0

Ql INTC KAPPA PI
26 ~ 0 6 ~ 0

Ql INTO EPS ILON K

22 ~ 0 5 ' 0

(Gl )
CARNEGI El 77 AS PK +- 13

(G2)
CARNEGI E 1 77 AS PK +— 1 3

( G3)
CARNEGIE1 77 ASPK +— 13

( G4)
CARNEGIE 1 77 AS PK + — 13

{G5)
CA RNEGI E 1 77 AS PK +— 13

28 Q LOW ( Ql ) PARTI AL WIDTHS ( MEV )

FROM EXP ER IMENTS SPL ITT ING Q REGION INTO THO PEAKS

K+-Pg (KPIP I )P 12/78¹

K+—P g ( KPIP I ) P 12/78¹

Kv —P, {KPIPI ) P 12/78¹

K+-Pg ( KPIP I ) P 12/78¹

K+-P g (KPIP I )P 12/78¹

PR 0 6 1823
NP B 48 589
hIP 8 45 397
P RL 28 932
PR D 6 1220
PR 0 5 2688
PR D 5 505
NP 8 47 348
PR D 6 2361
NP B 48 78

BA RLCUT A

BI NGHAN
DE JONGH
JCNES
LEWIS
HE RNER

73 NP
73 NP
73 NP
73 NP
73 NP
73 PR

8 59 374
8 52 31
8 58 110
8 52 383
8 6C 283
0 7 1275

ANDERSON 72
BINGHAM 72
BRANDENB 72
BRANDENB 72
CR El'{NEL L 72
DAVIS 72
F IRESTON 72
F IRE STGN172
FRAT I 72
HAATUFT 72

+FRANKLINg GODDENgKGPELMANgLIBBYg TAN (COLO)
+E I SENSTE I N GRARD HERQUET + (CERN+8 RUX )
BRANDENBURG& BRODYg JOHN SONg L E ITHg LOGS+ ( SLAC )
BRANDENBURGg JOHNSONg LE I THg LOGS g I USTE+ (5 LAC )
+GORDON g KW AN-I4U LA I g SCA RR ( BNL)
+ALSTCN g BARBAROg FLATT Eg FRI EON ANg LYhlCH+( LBL )
F I RE STONE g GCLDHA BER g LI S SA UE R g T P I LL I NG ( LBL )
A ~ F I RESTONE (CIT)
+HAL P ERN g HARG I Sg SNAPE g C A RNAH Ah! g+ {P ENN+C INC )
+ARNOLOg HAGUENAUFR g+ ( BERG+STRB+EPOL+NADR)

+ORE VI LLON g SHAH g+ ( SAC L+E POL+RHEL )
+FARWELg+ ( LBL+ORSAY+BNL+SACLAY+MI LAN)
+CORNET gCHARRI ERE g+ ( BRUX+NONS+CERN+MPIN)
G ~ T JGNES (CERN)
+ALL ENg JACCBS g DANY 5 Zg BORG g+ (LOHC+LQIC+CDEF )
+ SLA TTERY g FE RBEL {ROCHESTER)

JP
JP

JP

HH
WH

HH1
WH1
WH2

H2
HH3
WH3
HH

Q2 INTO K RHO
2. 0 1 ~ 0

Q2 INTO K¹ PI
117 0 10 0

Q2 INTC K OMEGA
23.0 12.0

(Gl )
CARhlEGIE 1 77 ASPK +- 13 K+-Pg (KPIP I ) P

( G2)
CARNEGIE 1 77 ASPK +- 13 K+-P g (KPIPI ) P

( G3)
CARh! EGIEl 77 AS PK +- 13 K+-Pg (KPIP I ) P

28 Q REGIGN BRANCHING RATIOS

28 Q HIGH (Q2) PARTIAL WIDTHS (MEV)

FRQN EXP ER IMENTS SPLITTING Q REGION INTO TWO PEAKS

12/78*

12/78¹

12/78¹

AN T I POV
BOWL ER
DORE
OR EV ILLO
DU NH COD I
GTTFR 1
OTTER2
OT TE R3
TCVE Y

75 hlP 886 381
75 NP 897 227
75 LNC 13 265
75 PL 55 8 245
75 NP 891 189
75 NP 8 84 333
75 NP 893 365
75 NP 896 29
75 NP 895 109

ANGELOPO 74 NC ZOA 49
BOWLE R 74 NP 874 493
DA VI DSCN 74 PR D9 77
DEUT SCHM 74 PL 498 388

A NGE LO POUL GS g F I L I P PA S+ ( ATHU+ AT EN+ L I V P+V I EN )
+CA INTONg KADDGURAg AITCHI5ON ( CXF)
+CHAPNANgGREENg LYS g ROE {MICH)
DEUT SCHMANNg+ ( AACH+BERL+CERN+LOI C+VIEN)

JP

JP

+ASCOLI g BUSNELLO g KI Eh!ZL E+ (5 ERP+CERN+ ILL )
+GAME g A ITC HI SGhlg DAINTQN ( OXF+ DARE )
+GUI DON I g LAA KSGg tgARI NI g CONFORTO+ (ROM A+Rl-EL )
DRE V ILLQNg BORE NSTEI N+ ( EP CL+BOHR+C DEF )
DUNMOGDIEg GRANT+ ( CERN+BE LG+MON S+MP I M)
+ (AACH+BERL+CERN+LOIC+VI EN+AT HU+ATEN+I IV P )
+RUDOLPH gRUMPF+ ( AACH+BERL+CE RN+ LGI C+ VIEN)

JP

JP
JP
JP
JP

+RUDOI PHg 5 EYF ERT+( AACH+BER(. +CERN+LOIC+V IEN) I g J P
+HANSEN BORENSTEIN BORG+ (RHEL+EPOL+SACL ) I J P

R).
Rl
Rl

R2
R2

R4
R4

PRODUCED BY BEAMS QT HER THAN K MESON 5
Q REGICN INTO (K RHC)/TOTAL (UNITS OF 10¹¹-2)

75.0 )0 0 ARMENTERQ 64 HBC
DC MINANT CRENNELL 72 HBC

Q REGION INTO (K P I )/TOTAL (UNITS OF 10¹¹-2)
25. 0 10.0 AR MENT ERO 64 HBC

Q REG ICN IhlTG (KO P I+ P I- P IO) / {K+0 P IO+ PI- )
(0 1) OR LESS CL= ~ 90 CRENNELL 67 HBC

(P2)
0 0 PBAR P

0 4 ~ 5P I- P g L K2P I

( Pl)
0 ~ 0 PBAR P

0 6 ~ 0 P I-P

6/66
12/72

6/66

7/6 r

BA SDE VA.N
BG AL
BQHLER
BRANDENB
OTTER
VERGEEST

76 PRL 37 977
76 PR 0 14 Z998
76 JPG 3 775
76 PRL 26 703
76 NP 8 106 77
76 PI 62 8 471

BASDEVANT BERGER ( FN AL+ANL )
+EDWARDS g KAMA L g TCRGE SQN (ALBERTA)
N G BOW! ER {OXFCRD)
BRANDENBURG g CARNEGIE g CA SHMORE g DAV I ER+ {S LAC )
+ (AACH+BERl +CERN+LOIC+VIEN+LPNP+RHEL+SACL)
+ENGELEN g JCNGE JANSg+ (AMST+CERN+NI JMvCXF )

CARNEGIE 77 NP B 127 5 09 +CASHNORE g DAVI ERg DUNWOQDI Eg L AS INSK I+ ( SLAC )
CAR"4EGI E177 Pl 8 68 287 +CASHNGRE DUNWOODI E LAS INSKI + (5 LAC)
CHEN 77 At4L HEP PR 77 22 +FIELDS RHINES ( ANL)
CCNFQRTC 77 RL-77-024/A 8 CQNFCRTO AND G CGNFORTO {RONA+Rl-EL)

JP
JP
JP

PRODUCED BY K BEAMS
Rl1 Q REGION INTO (K OMEGA)/(K¹(892) PI )
Rll (0» 1) OR LE 55 SHEh! 66 HBC

(P5) /(Pl)
+ 4 6 K+P 10/66

BEUSCH 78 PL 74 8 282
GAVILLET 78 PL 76 8 517
WOHL 78 NP 8 132 401

+BI RMANg KQhiI GS g OTTE Rg+ ( C ERhl+AAC Hv ET H )
+D I A Z g D I0N I S I g + ( A M 5 T+C E R N+ NI J M+ G XF )
+PALERgCHAURANDgv (LPNP+RHEL+SACLAY}

JP
JP

R1 3
R13
R13 200 (1 0) BERL INGHI 67 HBC

Q REGION INTO K¹{892) PI AND K RHG (OVERLAPPING BANDS )
( Pl+P2 )
+ 12 7 K+ P 7/67

BASDEVAN 79 PR D 19 246
MAZZUCAT 79 NP B 156 532
VERGEEST 79 NP 8 158 265

BASDEVANT gBERGER
MAZ Z UCATO g P ENN IN GTON+
+ JONGE JANS ~ DIONI SI g+

(ANL)
(CERN+ZEEM+NI JN+OXF }
(NI JM+AMST+CERN+CXF )

R15
Rl 5

REGION INTO (K ETA) / TOTAL
(0 02) OR LESS BERLINGHI 67 HBC

{P4)
+ 12»7 K+ P 11/67

DI CINI SI 80 CERN/ EP 80-1
IRV I NG 80 J PG 6 153

+GAVILLETg ARNENTEROS+ ( CERN+MA DR+CDEF+STOH)
A C ~ IRVING (LIVP)

(P5)
12 ~ 7 K+ P
10 0 K— P

11/67
9/68

R17
R17
R17
R17
RI7 A VG

R17 STUDENT

Q REGION INTO
0 91

701 0 ~ 4
~ ~ ~ ~ ~

0 47
0 ~ 46

( K RHO) / (K¹( 892) PI )0.25 BERL INGHI 67 HBC
0 ~ 1 BART SCH 68 HBC

{P2) /(Pl)
+ 12.7 K+ P

10 ~ 0 K— P
1 1/67
9/68

~ ~ »

0 18
0 11

AVERAGE ( ERROR It4CLUDES SCALE FACTOR OF 1 9)
A VE RAGE U SI NG STUDE NT10( H/1. 1 1) —— S EE MAIN TEXT

R16 Q REG ICN INTO (K OMEGA) / TOTAL
Rlb (0 02) OR LLSS BE RLI NGH I 67 HBC
R16 12 0 ~ 01 0 005 BART SCH 68 HBC K (1400) 21 K PRIME (1400 g JP=O-) I=1/2

OBSERVED IN K PI P I PARTIAL-HAVE ANALYSI S
WAI T CONF I RMATI Of4 OMITTED FROM TABLE

21 K PRIME MASS (NEV)
R19 Q REGIQiN If4TG (K PI PI) / TOTAL
R19 201 0 22 0.08 BARTSCH 68 HBC
R19 S PCSSI BLY SEEN AL EXANDER 69 HBC
R19 5 PCSSI BLY SEEN DA VI S 72 H BC
RI9 S WITH THE ( PI PI ) SYSTEM IN S—HAVE

( P6)
1 0 ~ 0 K— P

9 ~ 0 K+ P
2» K+ P

9/68
2/73
1/73

( 1 g00 ~ ) APPROX» BRANDENBU 76 ASPK +- 13 Ke-PgKPIPI
COUPLED MAINLY TO K EPSII ON ~ DECAY INTO K¹{890) PI SEEN

12/77

AR thE NTE R

ALSO
ARNE NTE R

ALSO
ALME I DA

SHEN
ALSO

REFERENCES FOR Q RFGICN

64 DUBNA CONF 1 577 ARMENTEROS gF DWARDS g 0-AI4DLAU + ( CERN4CDEF )
64 0UBNA CONF 1 617 R ARMENTERCS (RAPPORTEUR)
64 PL 9 207 ARMENT EROS g EDWAR DSg D-ANDLAUg+ ( CERN+CDEF )
66 PR 145 1095 BARASHgKIRSCHg MILLER g TAN ( COLUMB I A)
65 PL 16 184 ALME IDAgATHERTON gBYERgDGRNANgF ORSON+ (CAVE)
66 PRL 17 726 +BUTTE RWORTH g FU g GOLDHAB ERS g TRILL ING ( LRL )
66 (PR IVATE COMMUN )GER SQN GOLDHABE R (LRL )

A
H A

H

21 K PR I ME H I DT H (NEV )

(250. } APPROX » BRANDENBU 76 ASPK +- 13 K+-Pg KPIP I
COUPLED MAINLY TO K EPSILON DECAY INTO K¹ (890) PI SEEN ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
REFERENCES FOR K PRIME

12/77

BA SSCMP I
BE RL INGH
CRENNELL
DE BA ERE

ALSO
GC LDHAB E

67 PL 268 30
67 PRL 18 1087
67 PRL 19 44
67 NC 49A 3 74
PRI V AT E COMMUN
67 PRL 19 976

BASSCNPI ERRE GGL DSCHMI DT+ (CERNvBRUX+8 IRM )
8ERL INGHIER I+FARBER+FERBEL+FQRMAN {RGCH)
+KAL BFLE ISCHgL AI ~ SCARR g SCHUMANN (BNL)
+DEB A I S IEU X+FAST+F IL I PPAS+ ( CERN+ BRUX )

ICAT ION BY 8 ~ JON GE JAiNS
G GOLDHABER (LBL)

I JP
I JP
I

BRANDENB 76 PRL 36 1239 BRANDENBURG g CARNEGIE g CASHMGRE g DAY I ER+ ( SLAC )
AACHEN 77 PREP. AACHEN 41 + ( AACHEN+BERL IN+CERN+LOI C+V I ENNA)

JP
JP

BART SCH 68 NP 88 9
BGMSE 68 PRL 20 1519
DE NL GRI 68 P RL 20 1 194

ALSQ 70 A!4 TI CH

+CCCCGNIg + ( AACH+ BERL+C E RN+LO IC+V I E N)
+BORENSTEI N g CA LLAHAN g CO LE g COX g + ( JGHNHQPK )

CALLAHAN+ETTL INGER+GII LESPIEv ( JGHNHCPK)
1+
).+
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Particle Data Group: Review of particle properties 8167

Data Card Listings
For notation, see key at front of Listings.

Me sons
K'(~43O)

M CHARGED ONL Y ~

M D 39 1423 ~

S 25 ( }.440
M SD 13(1401.0)
M D 63 1427 0
M S 136( 1420 ~ 0)
H 220 1416 0
M D 60 1414»
M

' 1400 1420 ~ 0
M W D 225 1425
M 130(1418» )

S (1425.9)
M ~ ~ ~ ~

M AVG 1420 5
M STUDENT1 420 5

22 Ks' {1430) MASS (MEV)

bj TH F INAL
11.0

(24 0)
(25 0)

12 ~ 0
(20 0)
10 ~ 0
13 0

3 1
8 0

{6 )
(6 ~ 2)

STATE K PI
BA SSANO

f40 ) DE BAERE
SCHWEINGR
SCHW E INGR
8 I SHOP
CRENNELL
LIND
AGUI LAR1
BARN HAH

CLARK
HARTIN

67 HBC
67 HBc
68 HBC
68 HBC
69 HBC
69 DBC
69 HBC
71 HBC
71 HBC
73 HBC
78 SPEC

4 ~ 6-5 OK-Pg KOP I-3.5 K+P (K+ P jo)
1 K- P {K PI )

5 5 K- P (K PI )
3 5 K+P f KO PI+)
3 9 K-N ( KOPI —)
9» K+ P(KO PI+)
3 9g4. 6 K- P

K+ P ~ Ko PI+ P
3»3 KPgPPI KO
10 K+-P~KS PI P

).2/75
12/75
12/75
12/77
12/77
7/69

12!77
11/71
12/75
12/77
12/78~

~ ~ » ~ ~

2.6
2»8

AVERAGE ( FRROR INCLUDES SCALE FACTOR GF 1 »0 )
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

22 Ks' {1430'OP~2+) I~ I/2

WE CONSIDER THAT PHASE-SHIFT ANALYSES PROVIDE MORE
RELIABLE DETERMINATIGNS OF THE MASS AND WIDTH ~

SEE RHO( 770) MINI-REVIEW

NEUTRAL CiNLY
D 46 (61,0)

S D 160 ( 116~ 0)
WAD 210 ( 110~ )

2200 101 '
W 1800 116' 6

D 600 144
W Dlloo 109»

C (el» 0)
W 800 116~

D 300 125 ~ 0
P ). 70, 0

W P 98 ~ 0
W ~ ~ ~ ~

W AVG 105 8
STUDENT 105» 1

{36 0}
{37~ 0)
(30~ 0)

10
10 ~ 3
24» 0
14 ~ 0

(14»0}
18 '
29 0
20 ~ 0

5»0

15 5

DAHL
KANG
BASSOHPIE
DAVI S
AGU ILARl
CORDS
B UCHNER
LI NGLI N

HCCUBB I N

HENDR ICKX
BOWLER
E STABROOK

e7 HBC
68 HBC
69 HBC
69 HBC
71 HBC
71 DBC
72 DBC
73 HBC
75 HBC
76 DBC
77 DBC
78 A SPK.

0 3 8-4 2 PI- P
0 4»6 K- P
0 5 K+P (K PI )
0 12 ~ K+ P (K PI )
0 3 ~ 9g4»e K- P

0 9 ~ K+ Ny K+ PI — P
0 4 ~ 6 K+ Ng K+ P I-P
0 2-13 K+Pg K+P I-

0 3 ~ 6 K-Pg K-PI+N
8 25 K+I g K+PI

0 5 ~ 5 K+D K P I P P
0 13K+-Py P K PI

12/77
12 /75
12/75
9/69

11/71
12/75
12 /75

1/74
12/75

7/77
12/77
12/77

~ ~ ~ ~ ~

5»9 A VERAGE {ERROR I NCLUDES SCALE FACTOR GF 1»6 )
8 AVERAGE USING STUDENT10(H/1 11} —SEE HAIN TEXT

( SEE IDEOGRAM BELOW )

WET. 6HTED AUERA6E = 10S.B + S.9
ERROR SCALED BY 1.6

W A INCLUDED I N LINGLI N 73 WORLD K+P DST
C FROM POL E EXTRAPOLATION r USING WOR LD K+ P D ST

D ERRORS ENL ARGED BY US TO 4+GAMMA/SQRT(N) ~ SEE Ks' TYPED NOTE
W P FROM PHASE SHIFT ANALYSIS»
W S DATA WITH MASS ERROR OF 15 MEV OR MORE NGT AVERAGED
W W NUMBER OF EVENTS IN PEAK REEAVALUATED BY US

CHARGED CNLY g WITH OTHER
M 130(1400» 0) {20 0)
M 20(1440 0) ( 20 0)
M W D 240 (1396~ ) (6 )
M {1411 ) (7 ~ )

FINAL STATES
BADI ER 65 HBC
DUBAL 68. MMS
BA SSGMPI E 69 HBC +
FRIEDMAN 69 HBC

3 K- P (Ks'P I ) 12/75
11 ~ 5 K- P 12/75
5 K+P (K 2P I ) 12/75
2 7 K-P (K 2PI ) 2/72

H CHARGED AND NEUTRAL
M 134( 1404 ~ 0) ( 15 0)
M D 55(1423 ~ ) (24 ~ 0)

FGCARDI 65 HBC -0 3 ~ K- P (K PI ) 12/75
ADERHGLZ 68 HBC —0 10 K- P (K PI ) 12/75

M NEUTRAL ONLY
H D 46(1446. 0)
M S 160{1425~ 0)

SD 81 {1405»0)
M S 97(1397 0)
M WAD 210 (1422 ~ )
M 2200 1421» 1
M 1800 1 419 1
M 600 1416~

M 1100 1427
M C 1420 1
M 800 1421 6
M 1423.0

'

M 300 1420 0
M P 1440 0
M P 1434 0
M ~ ~ » ~

AVG 1425 7
M STUG E NT 1 423 7

(9~ 0)
(15 0)
f22 0)
(19 0)

(8 0}
2 6
3 7
6 ~

3»
4 3
4 ' 2
3.0
7 0

10~ 0
2 ~ 0

DAHL 67
KA NG 68
SCHWE INGR 68
SCHWE ING R 68
BASSGMP IE 69
DAVI S 69
AG UI LAR1 71
CORDS 71
8 UCHNE R 72
L INGL IN 73
MCCUBBIN 75
ETKI N 76
HENDRICKX 76
BOWLER 77
ESTABROGK 78

HBC
HBC
HBC,
HBC
HBC
HBC
HBC
DBC
DBC
HBC
HBC
SPEC
DBC
DBC
AS PK

0 4 ~ Pj — P (KPI )
0 4 6 K- P
0 4»l K- P fK PI )
0 5 5 K- P {K PI )
0 5 K+P (K PI)
0 12. K+ P (K+P I- )
0 3 9,4 6 K- P

0 9 ~ K+ NtK+ PI- P
0 4 ~ 6 K+ Ng K+ PI-P
0 2-13 K+ P g K+P I-

0 3 ~ 6 K-Pt K-P I+M
06 ~ K-P gKO P I+P I-
8.25 K+Ng K+PI

0 5 .5 K+DgK PI P P
0 13K+-Pg P K PI

12/77
12/75
12/75
12/75
12/75
9/69

11/71
2/72

12/72
12 /75
12/75
7/77
7/77

12/77
12/77

~ » ~ ~ ~

Z 0 AVERAGE ( ERROR INCLUDE S SCALE FACTOR GF l 9)
1 ~ 5 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
( SEE IDEOGRAM BELOW )

-ESTABROOK
-BOWLER
.HENDRICKX
-MCCUBBIN
-BUCHNER
.CORDS

6UILAR1
AUIS

50 100 150 200
NEUTRAL K& {1430) WIDTH (MEU)

78 ASPK
77 DBC
76 DBC
75 HBC
72 DBC
71 DBC
71 HBC
69 HBC

CHISQ
2.S

10 ~ 3
0 4
0.3
0.1
2.5
0.7
0.2

17.0
-{CONLEU
=0.0173

M A INCLUDED I N LINGLI N 73 WORLD K+P DST
M C FROM PGL E EXTRAPGLAT IONg US ING WORLD K+P D ST
M D ERRORS ENLARGED BY US TG GAMHA/SQRT(N) . SEE TYPED NOTE ON K+
M P FROM PHASE SHI FT ANA LYSI S
M S DATA WITH MASS ERROR OF 15 MEV OR MORE NOT A VERAGED
M W NUMBER OF EVENTS IN PEAK REEAVALUATED BY US

WEI6HTED AUERA6E = 1425.7 + 2.0
ERROR. SCALED BY 1.9

Pl
PZ
P3
P4
P5
P6
P7

K+(1430)
K&(1430)
Ks'(1430)
K&( 1430)
K&( 1430)
K+( 1430)
Ks'( 1430)

22 Ks' (1430) PARTIAL DECAY MODES

INTO K Pj
INTO K&(892) PI
I NTO K R HO

INTO K OMEGA
INTO K ETA
INTO Ks'{892) PI PI
I NTO K OMEGA P I

DECAY MA SSE S
49 3+ 139
892+ 139
49 3+ 776
493+ 782
493+ 548
89 2+ 139+ 139
493+ 782+ 139

1400 1420 1440

TABROOK /e
HLER 77
NDRI CK&& 76
KIN 76
CUBBIN 7S
NGLIN 73
CHNER 72
RDS 71
UILAR1 71
UIS 69

1460

ASPK
DBC
DBC
SPEC
HBC
HBC
DBC
DBC
HBC
HBC

CHISG)
17.3
2.1
0.7
o.e
0.9
1.7
0.2
2.6
3.2
3 ~ 1

32.S
{CONLEU
=O. O0O)

I

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions P. , as follows; The diagonal elements are P. + 6P. , where» 1 1
6P, = wl (6P, 6P.), while the off-diagonal elements are the normalized correlation coeffi-i ~ 1 1
cients (6P.6P. ) /(6P. ~ 6P, ). For the definitions of the individual P. , see the listingsi j 1 J
above only those P. appearing in the matrix are assumed in the fit to be nonzero and

1 '

are thus constrained to add to i.
p eP 4P 3P 2P 1 P 5

p 1 .4907+-.Qle3
P 2 ~ 0641» 2703+- ~ 021 5
P 3 —» 083 6 —~ 00 10 ~ 06 57+- ~ 0145
P 4 —~ 1081 — 2010 — 1212 ~ 0369+- ~ 0159
P 5 —~ 3209 —~ 3905 - 2214 — 1600 0248+- 0261
P 6»2544»3690 ~ 2154» 1581»2722» 1 116+ ~ 0248

NEUTRAL K& (14303 MASS (MEU)

22 Ks'(1430 ) W IDTH ( MEV )

CHARCED ONLY p WIT
W 0 63 89 ~

W SD 136 ( 110 0)
0 60 96.

1400 94» 7
D 225 115

W 130 {42~ )
c7

W ~ » ~ » ~

W AVG 97. 1
W STUD ENT 97 ~ 1

H F INAL
45 ~

(42. 0)
50 0
15 1
3l.0

(12.)
3 ~ 9

» ~ ~ ~

3 ' 7
0

STATE K P I
S C HW E jiNG R
BISHOP

I ND
12» 5 AGU I {.ARl

BARNHAM
CLARK
MARTIN

5.5 K-P(KO P I-)
3 ~ 5 K+ P
9 K+ P
3 9g4 ~ 6 K — P

K+ Pg KO P I+ P
3 3 K-PgP PI- K

10 t(+-Pq KS P I P

68 HBC
69 HBC
69 HBC
71 HBC
71 HBC
73 HBC
78 SPEC

12/75
12/75
12/77
11/71
12/75

0 12/77
12/78'

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
A VERAGE USI NG STUDE NT10(H/1 I 1) -- $ EE MAIN TEXT

22 Ks'(1430) BRANCHING RATIOS

(P 1 )
ESTABROOK 78 ASPK +- 13K+-P P K PI 12/77

Rl K+ ( 1430} INTO
Rl P 0 49
Rl P FROM PHAS E SH
Rl ~ ~ »» ~

Rl F IT 0 491

( K PI ) /TOTAL
0 ~ 02

I FTS ANAL YS IS
~ »» ~

0 016 FROH F IT (ERROR INCLUDES SCAl E FACTOR GF 1 ~ 0)

(P2) / (P 1+PZ+P3 }
3 O' K-P

-0 4»ee 5 0 K- p
1/78

lo/67

R3 K+( 1430) INTO f K RHG)/(K PI + K PI P I)
R3 QR ( 0 14) (0 ~ 07) BADI ER
R3 Q (0 ~ 14) (0 ~ 10) BASSANO

65 HBC
67 HBC

(P3) /(Pl+P2+P3)
3 ~ 0 K-P

-0 4»6g 5 0 K- P
1/78

10/67

R2 K+f 1430) INTO f Ks'f 892) PI ) / I K PI + K PI PI )
R2 QR 45) f0 13) BA DI ER 65 HBC
R2 Q (0 ~ 47) {0 ~ 10) BASSANO 67 HBC

3 0 K-P 12/75
5 K+P ( K 2P I ) 12/75
2 7 K-P (K 2PI ) 2/72

W CHARGED AND NE UTRAL
W l34 {92 0) (32 0)
W D 55 (175 ) f 94 ~ 0)

FOCARD I 65 HBC -0 3» 0 K- P (K PI ) 12/75
ADERHGLZ 68 HBC -0 10 K — P (K P I ) 12/75

CHARGED ONLY' WITH OTHER FINAL STATES
W D 130 ( 105 0) (37»0) BADI ER 65 HBC
W D 120 (110» ) (40 0) BASSOMPI E 69 HBC +
W (43 ) (13~ ) FR IEDMAN 69 HBC

R4
R4
R4
R4 Q

R4
R4 Q
R4
R4 Q

Ks'( 1430) INTO
6 0 ' 33

0 65
(0»63 )
0 ~ 52

( 1~ 06)
0» 80

84 f O»93)

(Ks'( 892) P I)
0 33
0 ~ 20

( 0 ~ 20)
0 ~ 12

( O»30)
0»30

(O»ll)

/ (K PI)
CHUNG
SHEN
SHEN
SCHW E INGR
BASSOHPIE
BA 5 SOH P I E
BISHOP

65 HBC
66 HBC
66 HBC
68 HBC
69 HBC
69 HBC
69 HBC

f P2)
+ 0

0

0
+
0

/(Pl )
3 ~ 9 4 2 PI- P
Ns' PRODUCED
NG N+ PRODUCED

4 ~ 1+5~ 5 K- P
5 0 K+P
5.0 K+P

3 ' 5 K+ P

8/66
lo/ee
lo/ee
10/67

1/78
I /78
9/69
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Me sons
K (1430), e(15OO)

Data Card Listings
For notation, see key at front of Listings.

R4 0 47 0 ~ 08 AGUILAR1 71 HBC 3 9y4eb K- P 11/71
R4 G 0 ' 91 0 ' 20 CHARRIERE 73 HBC 0 5 ~ K+ PyK P 3PI 1/73
R4 G REVISED BY GOLDSCHMIDT 75
R4 AQ 150 (0 e65 ) (0 ' 25) ANTIPOV 75 ASPK — 40 K-P, K+- P ~ 12/75
R4 A K+ PI SIGNAL FROM PARTIAL WAVE ANALYSIS OF (K-PI+PI —) SYSTEH
R4 0 ~ 54 0916 DEHN 74 DBC 0 4 b K+ N 12/75
R4 Oe62 Oo19 LAUSCHER 75 HBC 010y16 K-PyK-PI+N 12/75
R4 ~ ~ ~ ~ ~ ~ ~ ~ ~

R4 AVG 0 ~ 548 0 ~ 053 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
R4 STUDENT 0 ~ 544 0 ~ 060 AVERAGE USING STUDENT10(H/le 1 1) —SEE MAIN TEXT
R4 F IT 0 551 09046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0}

BUCHNER
CRENNELL
DEUTSCHM
ENGELMAN
FRAT I
ROUGE
TIECKE

72 NP 8 45 333
72 PR D 6 1220
72 NP 8 36 373
72 PR D 5 2162
72 PR D 6 2361
72 NP 8 46 29
72 NP 8 39 596

AGUILAR1 71 PR D 4 2583
BARNHAH 71 NP 8 28 171
CORDS 71 PR D 4 1974

+E I SNERt KI N SON (BNL)
+COLLEY JOBES GRIFFI THS HUGHES +(BIRM+GLAS)
+CARHOHYyERWIN MEIERE + (PURD+UCD+IUPU)

+DEHHyCHARRIEREy CORNETy+ (HPIH+CERN+BRUX)
+GORDONyKWAN WU LAI t SCARR {BNL)
DEUT SCHMANNy+ (ABCLV COLLABORATION)
ENGEI MANN, HUSGRAVE FORMAH, + (ANL+EFI}
+HALPERNyHARGI Sy SNAPEtCARNAHANt+(PEHN+CINC)
+V IDEAUy VOLT Ey DE BR ION y+ (EPQL+SACL)
+GRIJNS HEINEN DE GRQQT + ( NI JM+AMST )

R5 K+(1430) INTO (K OHEGA} / K PI
R5 R 0 ' 19 0 ~ 16 BADIER 65 HBC
R5 (0 F 08) OR LESS SHEN 66 HBC
R5 (0 ~ 2) OR LESS BASSGMPIE 69 HBC
R5 0.13 Oo 07 BASSGHPIE 69 HBC
R5 0 ' 05 0 ' 04 AGUILARl 71 HBC
R5 (0 ~ 2} OR LESS CL~ 95 CHUNG 74 HBC
R5 ~ ~ e ~ ~ ceo ~

R5 AVG Oe075 0 ~ 034 AVERAGE (ERROR INCLUDES
R5 STUDENT 0 ~ 075 0 ~ 038 AVERAGE USING STUDENT10(
R5 FIT 0 075 0 ~ 033 FROH FIT (ERROR INCLUDES

(P4) /(Pl)
3 ~ 0 K-P
4.6 K+P

+ 5K+ P05K+P
3 9-4e6 K- P

793 K-PPK+- P

1/78
8/ee
9/69
9/69

11/71
12/75

SCALE FACTOR OF 1 ~ 0)
H/1 ll} - SEE HAIN TEXT
SCALE FACTOR OF 1 0)

Rb K&(1
R6
R6
R6
R6
R6 Q 15
R6
R6
R6 S
R6 S USE
R6 S ST A

R6 S FOR
Re
R6 AVG
R6 STUDENT
R6 F IT

KA(143 0) INTO ( K RHO) / (K+ (892 } P I ) (P3)/(P2)
(0 39) OR LESS BASSOHPIE 67 HBC + 5 ~ K+ P 9/67
(0~ 40) OR LESS CL ~ 90 FIELD 67 HBC — 3 ~ 8 K- P 6/67

~ 13 ~ 09 OTTER 75 HBC 08yl0916 K-PtK'«N 12/75
(0 ~ 03) (0 03) ANTIPGV 75 ASPK — 40 K-PyK+- P 12/75

MODE NOT OBSERVED
PARTIAL WAVE ANALYSIS OF (K-PI+PI-) SYSTEM
0936 0 ~ 10 VERGEEST 76 HBC 0 4 ' 2 K-P, P KOPIPI 12/77

PARTIAL WAVE ANALYSIS OF (KO PI+ PI-) SYSTEM
~ ~ ~ e ~ ~ ~ e
0 ~ 23 0 11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 7)
0 231 0 085 AVERAGE USING STUDENT10{H/1 11) -- SEE HAIN TEXT
0 243 0 ~ 057. FRQM FIT (ERROR INCLUDES SCALE FACTOR OF lel)

R7
R7
R7
R7 P 130
R7 AN
R7 N K RHQ
R7 A FROM
R7 P
R7 P FROM
R7
R7 AVG
R7 STUDENT
R7 FIT

430) INTO (K RHG) / (K PI ) (P3)/(Pl)
(0 ~ 09} QR LESS CHUNG 65 HBC + 0 3 ~ 9 4 2 PI~ P 8/66

Oe 26 0916 SCHWEINGR 68 HBC 0 4 1+5.5 K- P 10/67
(0 2) OR LESS BASSQMPIE 69 HBC + 5 K+ P 9/69
(0 ~ 3} OR LESS BASSOHPIE 69 HBC 0 5 K+ P 9/69
(0 11) (0 06) BI SHOP 69 HBC 35K+P 9/69
0 ~ 16 0 05 AGUILAR1 71 HBC 3 9y4 6 K- P ll/71
0 ~ 02 0 10 0 02 DEHM 74 DBC 0 4 6 K+ N 12/75

(0 ~ 24) (0 14} LAUSCHER 75 HBC 010916 K-Py K-Pl+N 12/75
S RESULTS OF QTTER 75 (SEE R7 BELOW) WE DQ NOT AVERAGE THIS
TISTICALLY REDUNDANT RATIGP BUT KEEP THE LAljSCHER 75 RESULT

R4 ABOVE ~

~ ~ ~ ~ ~ e ~ ~ ~

0 111 0 054 AVERAGE (ERROR INCLUDES SCALE FACTOR OF lo4)
0 lib 0 ~ 047 AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
0 134 0 ~ 030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

CHARRIE R
ALSO

CLARK
DE JQNGH
LING LIN
WALUCH

CHUNG 74 PL 518 413
DEHM 74 NP 875 47

ANTIPOV 75 NP 886 381
LAUSCHER 75 NP 886 189
HCCUBBI N 75 NP 886 13
OTTER 75 NP 884 333

ETKIN 76 PRL 36 1482
GOLDBERG 76 LNC 17 253
HENDRICK 76 NP 8 112 189
KIRK 76 NP 8 116 99
VERGEEST 76 PL 62 8 471

+E ISNERy PROTOPOPESCU t S AMIQS y ST RAND ( BNL )
+GQEBEL y WI TTEK 9 WOLF 9+ ( MPI M+BRUX+MQNS+CERN)

+A SCOLI y BUSNELLOy Kj E NZLE+ (S ERP+CERN+ ILL)
+OTTERyWIECZOREKy+ (ABCLV CQLLABORATIQN) JP
N ~ Ae MCCUBB INy L ~ LYONS (QXF)
+ (AACH+BERL+CERN+LQIC+VIEN+ATHU+ATE'H+LIVP)

+FOLEY tGOLDHANt Lj NDENBAUMt KIMt+ {BHL+CUNY)
J GOLDBERG {HAIFA)
+VIG NAUD t BURLAUDy+ (HQNS+S ACL+LP NP+8 ELG)
+KLE IN COUNIHAN +(AACH+BERL+CERN+LOIC+WIEN)
+ENGELENy JONGEJANS + {AMS T+C ERN+NI JM+OXF ) J P

BOWLER 77 NP 8 126 31 +DAINTON 9 DRAKEy W ILL IAMS (OXFORD)

BALDI 78 NP 8 134 365
BOHN 78 PRL 41 1761
ENGELEN 78 NP 8 134 14
ESTABROQ 78 NP 8 133 490

ALSO 78 PR D 17 658
JONGEJAN 78 NP B 139 383
MARTIN 78 HP 8 134 392

+BGHRINGERyDQRSAZy HUNGERBUHLER+ (GEVA)
+VAN DALENy+ (AACHyUCR+CERN+HARV+HUNC+NWES)
+JOHGEJANSyHEHINGWAYy+ (NIJH+ZEEM+CERN+OXF)
ESTABROQKSyCARHEGIEt+ ( HONT+CARL+DURH+SLAC)
ESTABROGKSyCARNEGIE+ (HONT+CARL+DURH+SLAC)
JONGEJANStCERRADA ~ + ' (ZEEN+CERN+NIJM+OXF)
+SHIHADAt BALDIy BOHRINGERy DORSAZ+(DURH+GEVA)

Pg(], 5OO) 19 KAPPA(1500, JP=O+1 1=1/2

S-Nave KTl Interactions

73 NP 8 51 317 CHARRIERE y DRI JARDt DE BAERE, + (CERN+BELG)
75 (PRIVATE COMMUNICATION} GOLDSCHHIDT-CLERMONT (CERN)
73 NP 8 54 432 +LYONS, RADOJ ICIC (OXFORD)
73 NP 8 58 110 +CGRHETyCHARRIEREt+ {BRUX+HONS+CERN+HPIM)
73 NP 8 55 408 D ~ LING LIN (CERN)
73 PR 0 8 2837 +FLATTE yFRIEDHAN {LBL}

R10
R10 R
Rl 0 R
R10
R10
R10
R10 FIT

K+(1430) INTO (K ETA)
0 ' 05 0906

(0 ' 065)OR LESS
(0 ' 02) OR LESS
{0 04) OR LESS

e eee ~ ee ~ ~

0 ' 050 0 ' 054

/ (K PI)
BADIER 65 HBC
BASSOMPIE 69 HBC
BISHOP 69 HBC

CL=.95 AGUILAR1 71 HBC

{P5}/(Pl )
3 ~ 0 K-P
5 ' 0 K+P
3 ~ 5K+P3946 K-P

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1~ 0)

RB K&(1430) INTO (K QHEGA) / (K+(892) PI) (P4)/(P2)
RB Q {0~ 10) (0 04) FIELD 67 HBC — 3 ~ 8 K- P

2

R9 K+{1430} INTO (K ETA) / (K&(892) PI) (P5)/(P2)
R9 Q (0 07) (0 e04) FIELD 67 HBC, — 3e8 K- P

6/67

1/78
1/78
9/69

11/71

The KTr interactions are reminiscent of the TtTI

interactions, apart from the inelastic thresholds,
p — +both for the leading J = 1, 2, 3 resonances and

for the S wave. The first inelastic S-wave thres-
holds are K'lTTlTi' and Kp, neither of these channels

Rl 1
R11T
All
Rll FIT

K+(1430) INTO {K+(892) PI PI)/TOTAL (P6)
Oe12 0 ~ 04 GO{ DBERG 76 HBC — 3 K-PtP KOPIPIPI 12/77

~ e ~ ~ e ~ e e ~

Oel12 0 ~ 025 FROM FIT (ERROR IHCLUDES SCALE FACTOR OF le0}

4/78+

BA DIER
CHUNG
F QCARDI

65 PL 19 612
65 PRl 15 325
65 PL 16 351

REFERENCES FOR K+( 1430)

BADIERtDENGULINyGQLDBERG+ (EPGL+SACL+AMST)
~DAHLtHARDYPHESSy JACOBSyKIRZyNILLER {LRL)
FOCARDIy MINGUZZI RANZIy SERRA+( BGLQGNA+SACL )

SHEN 66 PRL 17 726 +BUTTERWQRTHyFUtGOLDHAB ERSyTRILLING (LRL)
ALSO 66 (PRIVATE COMMUN)GERSGN GQLDHABER (LRL)

BASSANQ
BASSGMPI
CRENNELL
DAHL

ALSO
DE BAERE
FIELD
GGLDHABE

67 PRL 19 968
67 PL 268 30
67 PRL 19 44
67 PR 163 1377
65 PRL 14 401
67 NC 51 A 401
67 PL 248 638
67 PRL 19 972

ADERHQLZ
ALSO

ANTIC H

DUBAL
KANG
SCHWEING

ALSO

68HP85 567
66 P I 22 357
e8 pRL 21 1842
e8 Tl-Esls 1456
68 PR 176 1587
68 PR 166 1317
67 THESI S

69 NP 813 189
69 NP 8 9 403
69 PRL 22 487
69 PRL 23 1071
69 NC 61 A 397
69 UCRL-18860
69NPB141

BASSQMPI
BISHOP
CRENNELL
DAVI S
OE BAERE
FR IE- OMAN
LING

+GOLDBERG t GGZy BARNES 9 LE ITNER+(BNL+SYRACUSE)
BASSQHPIERRE GOLDSCHHIDT+ (CERN+BRUX+BIRM) I J
+KALBFLE ISCHyLAIy SCARRy SCHUMANN (BNL)
+HARDY+HESS+KIRZ+HILLER (LRL)
HARDYPCHUNGt DAHLt HESSt KIRZ t MILLER (LRL)
+GGLDSCHMIDT-CLERHONTt HENRI+ (BRUX+CERN)
+HENDR ICKS+P I CC I GNI+ YAG ER (LAJQLLA)
G GQLDHABERy F IRE STGNEy SHEN {LRL}

+DE UTSCHHANN+ (AACH+8 E RL+C ERN+LOI C+ VI ENNA)
BARTSCHyDEUTSCHMANNt MORRISON+ (ABCL (IC)V)

+CALL AHAN 9 CAR SONy CQXy DE NEGRI 9+ (JHU)
L ~ DUBAL (GENEVE)
Y ~ W KANG { IOWA)
SCHWEI NGRUBER DERR ICKt F IELDS+ (ANL+NWES)
F L SCHWEINGRUBER {NORTHWESTERNy EVANSTGN)

BASSOMPIEREy GGLDSCHMIDT-CLERM ~ + (CERN+BRUX) J
+GGSHAWyERWINyWALKER (WISC)
+KARSHQNtLAI yONEALLt SCARR (BNL)
+DEREHZQPFLATTEy ALSTONy LYNCHt SGLHITZ {LRL)
+GOLDSCHHIDT-CLERHGNTt HENRI t+ {BELG+CERN}
J iFRIEDHANyPH ~ D ~ THESIS (LRL)
+Al-EXANDERy FIRESTONE yFU yGOLDHABER (LRL) J

ABRAMS
AGUI LAR

70 PR D 1 2433
70 PRL 25 1362

+E IS ENSTE IN t KI Mt MARS HALLt Q ~ HALLGRANt + ( ILL )
AGUI LAR-BENI TEZ 9 BASSANQ yE I SNER t+ {BHL4PURD)

R12 K&(1430) INTO {K+(892) PI PI)/(K Pj) {Pe) /(Pl)
R12T R Oe 21 0 ~ 08 JQNGEJANS 78 HBC — 4K-Pt P KOOPIP IP I
R12 ~ ee ~ ee ~ ~ ~

R12 FIT 0 227 0 ~ 053 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1~ 0)

R13 K+{1430) IHTO (K OMEGA PI}/TOTAL (UNITS 10++-3) (P7}
R13 0 (Oe 72) OR LESS CL=O 95 JONGEJANS 78 HBC 4 K-Pt P KO 4P I

R Q FOLl OWING SUGGESTICN BY AGUILAR 709 WE DQ NQT MAKE USE OF HEASURE-
R Q MENTS 'WHERE THE (K PI PI) BACKGROUND SUBTRACTION IS DIFFICULT DUE
R Q TQ THE NEARBY Q REGION ~

R R RESTATED BY US ~

R T ASSUMING PI PI SYSTEM HAS ISQ-SPIN ly WHICH IS SUPPORTED BY
R T THE DATA

being known to be important below 14OO NeV

From the KTi threshold to -14OO MeV, the phase

shift d of the T. (J ) = 1//2 (0 ) wave is determined1 p +
O

uniquely bg the requirements of elastic upitarity.
It grows monotonically, reaching 4O at about

900 MeV, and 90 at about 1350 MeV, being everywhere

well described by an effective range formalism

(MERCER 71, BINGHAM 72, FIRESTONE 71,72, MATISON

f74, GALTIERI 73y YUTA 73/ FOX 74' BAKER 75,
LAUSCHER 75, BOWLER 77, ESTABROOKS 78); see Fig. l.
The ambiguous "up" solution in the region of the
K*(892) has been ruled out conclusively (MATISON

72 74 y GALTT-ERI 73 y BOWLER 77 ESTABROOKS 78)

In the 1400 MeV region the analysis becomes

complicated due to the largeness of hO, to the1

nearness of the K*(1430) and the resulting strong
S-D inter ference, and to the opening of inelas tic
channels. Several groups have interpreted the
slow passage of 6O through 90 as evidence for a

resonance (FIRESTONE 71,72, FRATT. 72, ROUGE 72,
CORDS 73' LAUSCHER 75I MORGAN 75' ENGELEN 78) y

whi3e others contended that 60 was large but1
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Data Card Listings
For notation, see key at front of Listings.

Me sons
~(1.5oo)

non-resonant (AGUILAR 72, BUCHNER 72, CRENNELL 72,
ENGELMANN 72, BAKER 75).

New features emerge as the phase-shift. analysis
is continued up to 1900 MeV on a large-statistics
experiment (ESTABROOKS 78). In the inelastic region
where the ambiguities cannot be solved ESTABROOKS 78

find four solutions, in all of which the S wave

exhibits a rapid drop in the modulus of the ampli-

tude near 1450 MeV; see Fig. 2. This behavior is
confirmed with less statistics by BOWLER 77 and

MARTIN 78, and a clear circular motion is seen in
the Argand plot with a maximum speed in the region
1400-1500 MeV. Thus all four solutions provide

+evidence for an S-wave 0 KTT resonance. The

elasticity is greater than 0.8 in all but one

solution. Ne call this resonance K; (1500) and enter
it into the Table. ESTABROOKS 79 performs a

coupled-channe1 fit to the mass dependence of the
S-wave magnitude and phase using various parametri-
zations. All the fits result in a second-sheet
pole very near the Kq' threshold with M = 1480-1570
MeV and 1" = 120-400 MeV, depending on which of the
four solutions is used as input. No additional
pole is required to explain the slow passage of
50 through 90 a t about 1350 MeV . Ne note that.1 0

this situation is reminiscent of the TT7T system,
where the "down" phase shift h0 goes slowly through0

90 at about 850 MeV, far below the K (1300)

0

50 I

I.O

180

(20

60

0

60

0o

-I 0 — ~

-20
~y)

I.8

resonance.
+

The present 0 nonet. looks rather dif ferent.
from the one considered by MORGAN 75. The C and K'

both have higher masses and smaller widths than

before; the c in addition couples noticeably to KK.

Finally, we remark that two of the four solu-
tions of ESTABROOKS 78 provide evidence for a second
P-wave resonance with mass -1650 MeV, width 250 MeV,

and elasticity -0.25. This new state, K*' (1650),
would, if confirmed, most probably be assigned in
the quark model as a radial excitation, similarly
to p'(1600).

06 0,8 10 1.2

M(K~j GeV
XSL 783 -397

Fig. 1. The solid points are the KVT phase shifts
calculated in a simultaneous analysis of the SLAC
13 GeV/c neutron and 5 recoil reactions. The
curves represent. the effective range or resonance
fits of ESTABROOKS 78, except for the dashed curve
on the dS plot which represents a constant cross3

section of 1.8 mb. The open circles are from
MERCER 71, BINGHAM 72, BAKER 73, LINGLIN 73, and
MATISON 74.
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Me sons
L(1500), L(1580)

Data Card Listings
For notation, see key at front of Listings.

SOLUTION A SOLUTION 8 SOLUT ION C SOLUTION D

I ig. 2. Argand diagrams for the KTI partial waves of ESTABROOKS 78.

19 KAPPA MASS (MEV }

M C (1425 ) APPROX ~ ESTABROOK 78 A SPK 13 K+- P 12/77
M (1450+ 0) APPROX MARTIN 78 SPEC 10 K+-PtKS Pl P 12/78+
M C FROM ELASTIC K P I PARTIAL HAVE ANALYSI S ( SEE KAPPA MINI-REVIEW )

FQX.
MATISON
MORGAN

74 NP 880 403
74 PR 09 1872
74 PL 51B 71

G~C ~FOXr M ~ L GRI SS (CIT)
+GALTI ERlt GARNJOSTt FLATTEr FRIEDMANr+ (LBL)
D ~ MORGAN {RHEL )

BA KE R 75 NP 899 21 1 +BAN ER JEE t CAMPBELL r ALLE Nt MARCH+ (l OIC+LGWC )
LAUSCHER 75 NP 886 ) 89 +OTTER ~ WIECZOREK, + ( ABCLV COLLABORATION)
MORGAN 75 ARGGNNE CONF * 45 0 ~ MORGAN ( RHEL)

19 KAPPA WIDTH (MEV)

W . C 200-300 APPROX ~ ESTABROOK 78 ASPK 13 K+- P
W C FROM ELASTIC K PI PARTIAL HAVE ANALYSI S ( SEE KAPPA MINI REVIEW )

12/77

CHIEN 76 NP 8 106 355 +FEIOCKr LUCA StPE VSNERtZGANI S ( BALTI MCRE)

BOHL ER 77 NP 8 1 26 31 +DA I NTON r D RA KE r WI LLI AMS (OXFORD)
SPIRO 77 NP 8 125 162 +BARLQUTAUD COMBER PAl ER + (SACL+RHEL+EPOL)

REFERENCES FOR KAPPA

TRIPPE 68 PL 28 8 203 +CHI EN tMALAMUDr MELLE MA t SCHLEIN r+ (UCLA)

BALDI 78 NP 8 134 365
ENGELEN 78 NP 8 134 14
ESTABROO 78 NP 8 133 490
MARTIN 78 NP 8 134 392

+BO HR INGER r DQRSAZ ~ HUNGE RBUHLE R+ (GEVA)
+JONGE JANS t HEMINGWAY r+ (NI JM+ZEEM+CERN+GXF )
EST A BROOKS r CARNEGI E t + ( MONT+0 ARL+DURH+ S LAC )
+SHI MADAt BAL Dl r BOHR INGERt DORS AZ+ {DURH+GEVA )

CRENNELL 69 PRL 22 487 +KARSHON, LAI O. NEALL, SCARR ( BNL)
DODD 69 P R 177 1994 +JOL DER SMA t PALMER r SA MIGS ( BNL)
GOLDBERG 69 PL 30 8 434 SABRE COLLABOR (SACL4AMST+BGNA+REHO+EPOL )
SCHL EIN 69 ARGONNE CONF e 446 P SCHLE IN ( UCLA)

ESTABROQ 79 PR 0 19 2678
VERGEEST 79 'NP B 158 Z65

P ~ ESTABROQKS
+ENGEL EN t K ITT EL+

(CARL)
( NI J M+A MSGR+CERN+OX F )

F I RE STON 71 PRL 26 1460
ME RC E R 7). NP 832 381
YUTA 71 P RL 26 1502

A ~ FIRESTONE t G ~ GGLDHABER tDo LI SS AUER ( LRL)
+ANT ICHt CA(. LAHANt CHI EN t COXr + ( JOHN HOPKINS)
+DERRI CKt E NGELMANNt MUSG RAV E (ANL+EF I )

L(1580) 39 L ( 1580 JP=2- } I =1/2

AGUI LAR
BI NGHAM

BUCHNER
C HUNG
CRENNELL
DI EB OLD
EN GELMAN
F IRESTON
FRATI
MATISGN
ROUGE

72 PR 0 6 ll AGUILAR-BENITEZr CHUNGt E ISNER ( BNL)
7Z NP 8 41 1 + ( INTER'NATIONAL K+ COLLABORAT ION)
72 NP 8 45 333 +DEHM CHARRIERE CORNET + (MPIM+CERN4BRUX)
72 PRL 29 1570 +E I S NER r AGU I LA R-BENI T E Z (BNL )
72 PR 0 6 1220 +GORDONt KHAN-WU LAlt SCARR ( BNL)
72 BATAV CONF ~ V ~ 3 17R ~ DI EBOLD RAPPORTEUR TALK ( ANL)
72 PR 0 5 2162 ENGELMANNr MUSGRAVEr FORMANr+ (ANL+ EF I )
72 PR 0 5 2188 +GOLDHABERr LI SSAUER r TRILLING ( LBL) PHA
72 PR D 6 2361 +HALPERNt HARGISr SNAPEt C ARNAHANr+(P ENN+CINC )
72 L BL 1537 (THESIS) REVI SED VERSION WILL GO TO PHYS RE V LBL
72 NP 8 46 29 +V IDEAUt VOLT Et DE BR ION t + ( EPOL+ SAC L)

39 L ( 1580 ) MASS ( MEV )

( 1 580 ) APPROX OTTER 79 1 0 t 14 rib K- P 12/790

39 L( 1580) WI DTH (MEV)

SEEN IN PARTIAL WAVE ANALYSIS OF THE K-P I+PI- SYSTEM
(OTTER 78) ~ SEE L( 1770) MINIRE VIEW
NEED CONFIRMATION OMITTED FROM TABLE

CORDS 73 NP 8 54 109
GALTIERI 73 LBL 1772
LINGLIN 73 NP 8 55 408
YUTA 73 NP B 52 70

+CARMQNYtLANDERtMEIERE ~ + (PURD+UCD+IUPU)
+MATISONt GARNJOSTt FLATT Er FR IEDMAN+ (LBL)
0 LI NGLI N (CERN )
+EN G EL MANN t MU SGRA VEt FORMAN t+ (ANL+EF I )

{110~ ) APPROX OTTER 79 10t 14t 16 K- P 12/79tt'
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Data Card Listings
For notation, see key at front of Listings.

Me sons
L(1580), K (1650), KN(1700), L(1770)

Pl
P2

39 L ( 1580 ) PART IAL DECAY MODE S

L(1580) INTO K¹(890) PI
L( 1580) INTO K¹( 1430) PI

DECAY HASSES
89 2+ 139

1434+ 139

23 Lt 1770i JP= ) I = 1/2

39 I ( 1580 ) BRANCHING RATIOS

Wl
Wl

W2

W2

L (1580) INTO K¹ (890 ) PI
SEEN

L(1580) INTO K¹{1430) PI
PGSSI BL Y SEEN

OTTE R
(P13

79 HBC — 10 14i16 K- P 12/79¹

(P2)
OTTER 79 HBC — 10i14il6 K- P 12/79¹

OTTE R

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
REFERENCES FOR L(1580)

79 NP 8 147 1 +RVDGLPHi+ ( AACH+BERL+CERN+LOI G+W IEN) JP

¹
29 K¹ ( 1650i JP=I-} I=1/2

SEEN IN K PI PHASE SHIFTS ANALYSIS ( ESTRABROOK 78}«

WAI T CONF I RHATI ON, GMI TTED FROM TABLE ~

29 K¹ {1650 ) MASS (MEV )

(1650~ ) APPROX ~ E STA BROOK Y8 A SPK 0 K+-P i K+-Pl+- 12/78¹

29 K¹(1650} WIDTH t MEV)

250-300 APPROX ~ ESTABROGK 78 AS PK 0 K+-P ~ K+-Pl+- 12/T8¹

REFERENCES FOR K¹(1650)

KN(1700) 27 KN(1700i JP= ) I = 1/2

THIS ENTRY CONTAINS VARIOUS PEAKS IN STRANGE HESON
SYSTEMS REPORTED IN THE 1700 MEV REGION
EVIDENCE NGT CGMPELLINGi OHITPED FROH TABLE

ESTABROO 78 NP 8 133 490 ESTA BROOK S iC ARNEGI E i+ ( MONT+CAR L+DURH+5 LAC )

¹¹Q ¹¹¹Q ¹Q¹¹¹¹¹¹

The L(1770) is seen as a bump in the dif frac-
tive-like process KN ~ (K7TYt') N. BARBARO 69 and

FIRESTONE 72 find the decay is consistent with

being entirely K*(1430)Tl, whereas AGUILAR 70,
BARTSCH 70, COLLEY 71, and DENEGRI 71 present
evidence for alternate decay modes. For a review'

see EISNER 74.
Partial-wave analyses (DEUTSCHNANN 74, ANTIPOV

75, OTTER 75, 79) have shown that the situation in

the L region is complicated with many unnatural

parity waves contributing. The 2 K*(1430)7t S wave

is important, but cannot explain the whole L

enhancemen t.
On the other hand, OTTER 79 propose the

existence of a 2 resonance of mass =1580 NeV and

width =110 MeV to explain the sharp rise of the 2

K* (1430)Tl channel, the peak in the 2 K (892) Ti

partial wave, and the observed phase variation.
Further confirmation is, however, needed before
considering this an established resonance.

27 KNt1700) WIDTH (MEV)

W J
W J
W

W E
W E

(60 ~ 0) (20 ~ 0 }
SEE NOTE J ABOVE

(60 ~ )
60 ( 110«) (50 ~ )

137 (26 0) (24 0)
NGT S EEN BY JONGEJANS

JGBES 67 HBC + 5 ~ K+ P 12/75

CHARRI ERE 73 HBC 0 5 ~ K+ P iK P 3P I 1/73
CHUNG 74 HBC — 7 ~ 3K-Pi K-OMEGA P 12/75

(17 0) ETKIN 76 SPEC 06 K-PiKO PI+PI- 7/77
78 WITH LARGER STATISTICS ~

27 KN{ 1700} MASS (HEV )

M (1660' 0) CARMONY 67 HBC — 3« 8 K-PiOMEGA K 11/67
M J (1660 0) (10' 0) JGBES 67 HBC + 5. K+ P 12/75
M J CLAIMED BY JGBES IN (K PI ) i ( K¹{892) PI } i AND (K¹ t1430) PI )
M J MODES ~ K P I BUHP INTERFERES MOSTLY W ITH DELTA( 1236) ~

M ( 1660. ) CHARRIERE 73 HBC 0 5 ~ K+ Pi K P 3PI 1/73
H 60(1710- ) (15 ~ ) CHUNG 74 HBC — 7 3K-Pq K-OMEGA P 12/75
M E 137(1692~ 0) (6 0) ETKIN 76 SPEC 06 «K-PiKO P I+P I- 7/77
M E NGT SEEN BY JONGEJANS 78 WITH LARGER STATISTICS

M 20( 1 780 ~ )
M (1760 0)
H 1745~ 0
M 1780~ 0
M (1 760 ~ 0)
M X 1 765 ~ 0
M X SYST EHAT I C
M ( 1 740 ~ 0)
H 1767~

M P 306 1730~

M P PRODUCED I
M ~ « ~ «

M AVG 1764 ~ 6
M STUDENT 1 765 ~ 0

23 L ( 1770) MA SS ( MEV)

7/67
1 /73
6/70
1/71
1/73
1/73

23 L( 1770) WIDTH (MEV )

BERLINGHI 67 HBC + 12 ~ 7 K+P
(15.0) JOBE S 67 HBC + 5 K+ P
20 0- AGUILAR 70 HBC - 4«6 K- P
15 0 BARTSCH 70 HBC — 10 1 K- P

(15 «0 ) LUDLAH 70 H BC — 12 ~ 6 K- P
40 ' 0 CGLLEY 71 HBC + 10 ~ K+PiK 2PI

ERRORS ADDED CORRESP TG SPREAD GF DIFFERENT FITS
DENEGRI 71 DBC — 12 ~ 6 K-DiK 2P I D 5/71

6 ~ BLIEDEN 72 MHS — 11«16~ K- P 12/72
20 FIRESTONE 72 DBC + 12. K+ D 1/73

N COINJUNCTION WITH D¹
~ ~ « ~ «

6 7 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 3)
5 ~ 8 AVERAGE USING STUDENTIO(H/1 ~ 11) —SEE MAIN TEXT

Pl
P2
P3
P4
P5
P6

KN{ 1700}
KN(1700)
KN( 1700)
KN(1700)
KN( 1700)
KN( 1700}

27 KN( 1700} P ARTI AL DECAY HGDE5

INTO K P I
I NTO K P I P I
I NTO K¹( 892) PI
INTO K RHO
I NTO K¹( 1430) PI
ENTO K OMEGA

27 KN(1700 } BRANCHING RAT IOS

DECAY HA SSES
493+ 139
493+ 139+ 139
892+ 139
493+ 776

1434+ 139
493+ 782

W 20 (80 }
( 60«0)

W 100 ~ 0
W 138~ 0
W (50 0)
W X 90
W X SYSTEHATIC E

W ( 130 0)
W 100.

P 30b 210~

W P PRODUCED IN
~ ~ ~ ~ ~

AVG 137~ 7
W STUDENT 130 ' 7

BERL INGHI 67 HBC + 12 7 K+P
( 20 ~ 0) JOBES 67 H BC + 5 ~ K+ P
50 0 AGUI LAR 70 HBC — 4 ~ 6 K- P
40 ~ 0 BARTSCH 70 HBC — 10 ~ 1 K- P

(40«0) (20«0) LUDLAM 70 HBC — 12 ~ 6 K- P
70 ~ COLL EY 71 HBC + 1 0 K+Pi K 2PI

RRORS ADDED CGRRESP ~ T 0 S P READ OF DI FFER ENT FITS
DENEGRI 71 DBC — 12 ~ 6 K-0 iK 2P

26 ~ BL I EDEN 72 MMS — 1 1«-16~ K- P
30 ' FIRESTONE 72 DBC + 12 ~ K+ D

CONJUNCT ION WITH D¹
~ « ~ ~

24 ~ 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1
21 5 AVERAGE USING STUDENT10( H/1 ~ 11) -- SEE HA

7/67
1/73
6/70
1/71
1/73
1/73

I D 5/T 1
12/72
12/72

5}
IN TEXT

Rl KN(1700} INTO (K P I )/ (K GHEGA )
Rl N (0 ~ 5) {0~ 5} CHUNG
Rl N NG K PI SIGNAL SEEN IN THI S EXPERIMENT

(Pl) /(P6)
74 HBC — 7 ~ 3 K-Pi KN — P 12/75

REFERENCES FOR KN{ 1700)

R2 KN(1700) INTO (K¹( 892 } P I ) /(TOTAL K PI PI ) (P3}/t P2)+ ( P3)
R2 (0 ~ 5} ETKIN 76 SP EC 06 «K-P iKO PI+PI- 7/77

Pl
P2
P3
p4
P5
P6
P7

23 L ( 1770) PARTIAL DECAY HGDE S

L INTO K PI PI
L INTO K¹ ( 1430) PI
L INTO K PI PI PI

INTO K¹(892) PI
L INTO K¹(892) RHO
L INTO K¹ (892) OH EGA
L INTO K¹ (892) PI P I

DECAY MASSES
497+ 134+ 134
134+ 1434
497+ 134+ 1 34+ 134
89 2+ 134
892+ 776
892+ 782
892+ 134+ 134

CARMONY
JGBES
CHARRIER
CHUNG
ETKIN
JONG E JAN

67 PRL 1 8 615
67 PL 268 49
73 NP 8 51 317
74 PL 5 18 412
76 PRL 36 1482
78 NP 8 139 383

D. CARMGNYi T«HENDRI CKSi L «LANDER (LA JOLLA )
+BASSOHPI ERREi DE BAERE + (BI RM+CERN+BRUX }
CHARRI EREi DR I JARDi DE BAERE i+ {CERN+B ELG )
+Cl SNER PROTOPGPESCU SAHIOS STRAND {BNL)
+FOI EY i GOLDMAN ~ L INDEN BAUM iK IM ~ + ( BNL+C UNY)
JGNGE JANS i CERRADAi+ (ZEEM+CERN+NI JH+GXF )

Rl
Rl
Rl
Rl
Rl
Rl
Rl P
Rl P
Rl R
'Rl R
Rl R

23 Lt 17YO) BRANCHING RATIOS

INTO (K¹(1430) PI ) / (K PI PI )
LARGE DE NEGRI 68

(1 03 BARBARO 69
0 ~ 2 0 ~ 2 AGUIL AR TO

LESS THAN 1 ~ 0 BARTSCH 70
L ESS THAN 1 ~ 0 COLL EY 71
CONSI STENT WI TH 1 F I RE STONE 72

PRODUCED IN CONJUNCTION WITH 0¹
LESS THAN 1 ~ 0 SEEMS TO BE ESTABLISHED«
FOR DISCUSSION OF THE EXPERI HENTAL EVIDENCE
MODES SEE HUGHES 7 li SLATTERY Tli EI SNER 74 ~

( P2) /(P 1)
12 ~ 6 K- D
12 0 K+ P46K-P
10 ~ 1 K P

10 K+ P
12. K+ D

DBC
HBC +
HBC
HBC
HBC
DBC +

ON OTHER DECAY

1/71
I/71
1/71
I/71

11/71
12/72
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Me sons
L(1770), K (1780)

Data Card Listings
For notation, see key at front of Listings.

BARTSCH 66 PL 22 357

BERLI NGH 67 P RL 18 1087
JOBES 67 P L 268 49

BARTSCH 68 NP B8 9
DENEGRI 68 PRL 20 1194

REFERENCES FOR Lt 1770)

+DEUTSCHMANNy+ ( AACH+ BERL+CERN+LOIC+V IEN )

BERL INGHIERI+FAR BER+F ER BEL+FOR MAN+ t ROCH ) I
+BASSOMPI ERRE)DE BAERE + (BI RM+CERN+BRUX )

+CGCCGNIe+ (AACH+ BERL+CERN+LOIC+V IEN )
+CAL{ AHAN+ETTLINGER+GILLESPIE+ t JHU)

ANDREWS 69 PRL 22 731
BARBARO 69 PRL 22 1207
CGLLEY 69 NC A 59 519

AGIJILAR 70 PRL 25 54
BARTSCH 70 PL 33 B 186
LUDLAM 70 PR D 2 1234

CGLLEY 71 NP B 26 71
DENEGRI 71 NP 8 28 13

ANDERSGiN 72 PR D 6 1823
BLIEDEN 72 PL 39 '8 668
FIRESTON 72 PR D 5 505

BARLOUTA 73 NP B 59 374
BINGHAM 73 NP 8 52 31
CHARRI ER 73 NP 8 51 317

DEUTSCHM 74 PL 49B 388
EI SNER 74 BOSTON CONF ~

+LACHgLUDLAMySANDWEI SSg BERGER'+ (YALE+LRL)
BARBARO-GALTIERI DAVIS FLATTE + ( LRL)
+EASTHOOD g+ ( BI RM+GLAS+LOI C+MPIM+OXF+RHEL )

AGUI LAR—BENI TEZy BARN ES g BASSANO +CHUNGg +( BNL )
+DEUTSCHMANNg+ ( AACH+BERL+CERN+LOIC+V I EN)
+SANDWE

ISSUE

SLAUGHTER (YALE)

+JOBE S sKENYONt PATHAK t HUGHE 5 ~+ ( BIRM+GLAS )

+ANT ICHOR CALLAHANq CARSON yCHIENp COXg+ ( JHU) JP

+FRANKLIN' GODDEN p KOPELMANy LIBBY' TAN (COLO)
+F INOCCHI AROt BOWEN~ E ARL ESg+ (STON+NEAS )
F IRESTGNE s GOLDHABERe LI 5 SAUERe TRILLING {LBL )

+DRE VI LLCN g SHAH'+ (SACl. +EPOL+RHEL )
+FARWEL y+ {LBL+ORSAY+BNL+ SAC LAY+HI LAN)
CHARRI EREr DRI JARD ~ DE BAEREv+ {CERN+BELG )

DEUTSCHMANNg + {AACH+BERL+CERN+LOIC+V IEN) J P
R~ L EI SNER REVI EH TALK ( BNL)

ANTI POV 75 NP B 86 381 +ASCOL I e BU SNE LLOYD K I E NZL E+ {S ERP+CERN+ ILL ) J P
GTT ER 75 NP 893 365 +RUDOLPH p RUMPF+ ( AACH+ BERL+CE RN+L GI C+V I EN ) JP

ALSO 77 PRE P ~ AACHEN 41 /AACHEN+BERL IN+CERN+LOIC+VIENNA JP

the KTi' system in this energy region. The energy-

dependent analysis of BOWLER 77 supports the
Pexistence of a broad J = 3 resonance at -1760 MeV

with a width -300 MeV. The problem of the width

has been partly resolved by the ESTABROOKS 78

analysis of the high-statistics spectrometer data
of BRANDENBURG 76. ESTABROOKS 78 find four solu-
tions (see the K7t S-wave mini-review), all of which

are compatible with the existence of an F—wave

resonance at -1780 MeV with a width -175 MeV and

elasticity -0.2. The K7ttT decay mode has been

confirmed by BEUSCH 78 with good statistics and

can be considered established.

OTTE R 79 NP 8 147 1 +RUDOL PHp+ ( AACH+BERL+CERN+LOIC+WIEN ) JP

¹
60 K& (1780t JP=3-)

Evidence for K* (1780) has been reported by a

number of experiments which observe peaks of low

statistical significance around 1800 MeV in the

mass spectra of Kvt and KTl'1T systems produced both

with charge exchange {CARMONY 71, AGUILAR 73, SPIRO

76. CARMONY 77, GRASSLER 77) and without charge

exchange (SPIRO 76}. The large variation in the

measured values of the mass (see the Data Card

Listings) leads GRASSLER 77 to suggest that there

may be further structure at higher mass (around

1850 MeV}.

Additional evidence for the K*{1780) has come

from observations of structure in the charge-exchange

K1T angular distribution at -1800 MeV (FIRESTONE 71,
BRANDENBURG 76), which can be explained by a rapid
rise of the F-wave amplitude interfering strongly
with other waves. This behavior has been interpreted

by BRANDENBURG 76 as implying the existence of a
Presonance with J = 3, M —1780 MeV, and I" —2 70 MeV.

60 K+ tl780) MASS (MEV)

M C
M C
M C
M I
M I
M I
M

M

M

M

M

M

M G

M

M

M

M G

M

M

M

M A

M S

11/71

1/74
12/77

12/75

12/75
12/75
12/77

12/77
12/77

4/78+
1/78

M G GRA SSLER 77 PROPOSE THE EX I STE NCE OF ANOTHE 8 OBJ ECT
M G NOT AV ERAGED

60 K4 (1780 ) WIDTH ( MEV)

c 7e teo. ) (20. )
W C SEE NOTE C ABOVE

( 300 ) APPROX ~

W I SEE NOTE I ABOVE
H 65 ( 80 ) OR LESS

M 135 0 22 ' 0
M FROM A FIT TO Ytey2)

H E ( 270 ~ ) (70+)
W E ESTABROOKS 77 FIND
W E WITH 175 MEV WIDTH ~

W0 40(120~ ){75)
W GD 80 ( 100~ ) (45 ~ )
H 8 (300 0) APPROX ~

W 8 SEE NOTE ABOVE
W 127 85 0 50 ~ 0
H G (285 0) (40 ~ 0)
'W D 181 0 44. 0
W 96 ~ 0 31 0

~ ~ I ~ ~ ~ ~ ~ ~

H AVG 125 ~ 8 16 ~ 6
W STUDENT 1 25 ~ 7 18 ~ 0

CARMONY 71 DBC 09 K+NgK+PI-P ll/71
FIRESTONE 71 DBC 0 12 K+ N ~ K+ PI-P 11/71

AGUI LAR 73 H BC 07 ~ 3 K-P t K- P I+M
BALDI 76 SPEC + I 0 K+P ~ KO PI+P

MOMENT ~ J P~ 3- FOUND ~

BRANDENB 76 ASPK 013 K+-P K+-PI-+
THAT BRANDENBURG 76 DATA ARE CONSISTENT
NGT AVERAGED'

SPI RO
SP I RG
BOHLER

76 HBC — 14.3 K-PgKOPI-P
76 HBC 014 3 K-P K-PI+N
77 OBC 0 5 4 K+Og K+PI-P P

1/74
12/77

12/75

12/77
12/77
12/77

CAR MCNY 77 D BC 0 9 K+N s KO P I+P I-P 12/77
GR ASSLER 77 HBC 0 1 0-1 6 K- P K-P I+ N 12/77
BEUSCH 78 OMEG 10K-PINKO P I+P I-N 4/78+
CHUNG 78 MPS 0 K-PgK-PI+N 6 GEV 1/78

AVERAGE {ERROR INCLUDES SCAL E FACTOR OF 1 I )
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

W D ERRORS ENL ARGEO BY US TO 4&GAMMA/SQRT( N) SEE K+ TYPED NOTE
W G SEE NOTE ABOVE

76 (1753 ~ ) t 12 ~ ) CARMONY 71 DBC 09 K+Ny K+PI-P
PRESENCE OF RESONANCE ONLY INDI CATED BY HOLE AT 1600 MEVy FIT
DFF ICULT SEE ALSO CARMONY 77 ~

(1850 ) APPROX ~ FIRESTONE 71 DBC 0 12 ~ K+ Ns K+ PI-P 11/71
APPARENT INTERFERENCE HITH OTHER AMPLITUDES PRECLUDES
PRECISE DETERMINAT ION ~

65( 1760~ ) AGUILAR 73 HBC 07 ~ 3 K Pt K PI+N
M 1779+0 11 0 BALDI 76 SPEC + 10 K+Pg KO PI+ P
M FROM A F I T TO Y (6 p 2) MOMENT JP=3- FOUND+
A 1776 ~ 26~ BRANDENB 76 ASPK 013 K+-P K+-PI-+
A CCNF I RMED BY P HAS E SHIFT ANALYS IS OF EST ABROOKS 77' Y IELD S JP= 3-

40( 1780~ ) t 30 ) SP IRO 76 HBC — 14 3 K-P g KOP I-P
80(1840 ) (30 ~ ) SP IRO 76 HBC 01 4.3 K-P, K-PI+N

8 (1760 0) APPROX ~ BOWLER 77 DBC 0 5 ~4 K+Dp K+PI-P P
8 PHASE SHIFT ANALYS IS p YIELD S JP=3-

127 1 789 ~ 0 18 ~ 0 CARMONY 77 DBC . 0 9 K+NgKO PI+PI-P
(1871 0) {10 0) GRASSLER 77 HBC 0 10-16 K-Pg K-PI+N

1 812 ~ 0 28 ~ 0 BEUSCH 78 OMEG

10K-PINKO

P I+PI-N
1786 0 8 ' 0 CHUNG 78 MPS 0 K-Py K-P I+M 6 GEV

0 t ~ ~ ~ ~ I ~

VG 1785 0 5 8 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
TUOENT1784e9 6 ~ 3 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

The existence of such a resonance has been confirmed

by BALDI 76 and CHUNG 78. BALDI 76 analyze non-

charge-exchange data and find significant signals
at -1780 MeV in all moments up to L = 6. A clear,
statistically signif icant peak at -1786 MeV is
observed by CHUNG 78 in their charge-exchange Kvt

mass spectrum. Both of these experiments obtain
narrower widths than BRANDENBURG 76. BALDI 76 finds
a width of 135 + 22 MeV and CHUNG 78 a width of
95 + 31 Mev.

There have been two phase-shift analyses of

Pl
P2
P3
P4
P5
P6

K&{17'80)
K&( 1780)
K&( 1780)
K+ (1780)
K&(1780)
K+ {1780)

60 K&( 1780) PARTIAL DECAY MODES

INTO K P I
INTO M (892) PI
I N TO K RHO
INTO K+ ( 1430 ) P I
INTO K PI PI
INTO K&( 890) RHO

DECAY MASSES
493+ 139
89 2+ 139
493+ 776

1434+ 139
493+ 139+ 139

1100+ 776

Kw{ 1780) INTO
0 ~ 9
0 ~ 4
ji 59

Rl
Rl
Rl
Rl
Rl
Rl AVG
Rl STUDENT

~ ~ ~ 0 ~

1~ 05
1 ~ 04

60 K4 (1780) BRANCHI NG RATI GS

(K&(892) PI + K RHO)/(K PI )
0 ' 4 AGUI LAR 73 HBC
0 ~ 6 SP IRO 76 HBC
0 ~ 44 CARMCNY 77 DBC

{P2+P3)/Pl
7 ~ 3 K-Pe K-PI+N 12/77
1 4.3 P-P y KO-P I+- 12/77

0 9 K+N wKO P I+P I—P 12/77
~ ~ 0 ~

0+32
0 ~ 31

R2 K&( 178C) INTO I K+(892) PI ) / (K PI PI )
R2 0.33 0 ' 12 CARMGNY

R3
R3

K&(1780) INTO (K RHO) /( K PI PI )
0 ~ 48 0 ~ 14 CARMONY 77 DBC

(P2) /(P5)
0 9 K+ N

(P3) /(P5)
0 9 ~ K+ N

12/77

12/77

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 2)
AVERAGE USING STUDENT10{H/1 11) .-- SEE MAIN TEXT
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Data Card Listings
For notation, see key at front of Listings.

Me sons
K (1780), K (2200). I(2600), D+, DQ, D +, D'0

R4 K¹(1780) INTO (K PI )/TOTAL
R4 8 (0 ~ 3) OR LES S
R4 8 0 ' 19 0~02
R4 8 SEE NOTE ABOVE

(Pl)
BOWLER 77 DBC 0 5 r4 %+Dr K+PI-P P 12/77
ESTABROQ 78 ASPK 0 13 K+-Pt K PI 12/77

C=+1 MESON STATES

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

CARMGNY- 71 PRL 27 11%0
F I RE STGN 71 PL 36 8 513
AGU ILAR 73 PRL 30 672
WALUCH 73 PR D 8 2837

BALOI 76 PL 63 8 344
BRANDENB 76 PL 60 8 478
SPIRQ 76 PL 60 8 389

BOWLER 77 NP 8 126 31
GARMGNY 77 PRD 16 1 251
GRASSLER 77 NP 8 125 189

BEUSCH 78 PL 74 8 282
CHUNG 78 PRL 40 355
ESTABRGG 78 NP 8 133 490

ALSO 78 PR D 17 658

REFERENCES FOR K¹{1780)

+CORD S t CI OPP t ELHI N t ME I E RE t+ ( P URD+ UCD+ I UPU)
FIRESTONE GQLDHABER LIS SAVER T RILL ING (LBL )
+CHUNG tE I SNERt PROTOPOPE SCUt SAM IOS t+ ( BNL )
+FLATTE ~ FRIEDMAN ( LBL)

+BOEHRINGERt DORSAZ t HUNG ERB UHLE R t+ (GENEVA) JP
BRANDENBURG t CARNEGIE t CASHMGREt DAV IER+( SLAC ) JP
+BARLQUTAUD PALER CHAURAND+(SACL+RHEL+EPGL) JP

+DAI NTGN t DRAKE t W I LLI AMS (OXFORD) J P
+CLOPP tlANDERr HEI ERE r YENt+ (P URD+UCD+IUPU}
+KLUGGH t+ ( AACHEN+ 8ERL IN+C ERN+LG I C+V I ENNA )

+8IRMANt KGNIGSt GTTERt+ (C ERN+AAG H+ETH) J P
+ETKIN FLAMI NG+ (BNL+ BRAN+GUNY+MASA+P ENN ) J P
ESTABRGGKS tCARNEGIE + ( HGNT+CARL+DURH+SLAC) JP
ESTABRGOKS tCARNEGI E+ ( MONT+CARL+DURH+SLAC)

31 CHARGED D (1868 t J P=O-) I=1/ 2

SEE STABLE PARTICLE DATA CARO LISTINGS

32 NEUTRAL 0( 1863t JP=0-) 1 =1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

JJ (N 62 CHARGED D¹ {2010tJP~ 1- ) It 1/2

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
62 CHARGED D¹(2010} MASS {MEV)

GEV/ C INC IDENT
INTERPRET ATION

40 K¹(2200t JP= )

THI S ENTRY CONTAINS VARI GUS PEAKS IN STRANGE' HESGN
SYSTEMS REPORTED IN THE 2100-2200 ME V REGION AS HELl AS
ENHANCEHENTS SEEN IN ANT IHYP ERGN NUCLEON MASS
SPECTRA A MOMENTS ANALYSI S OF THE CLELAND 80 DATA
GIVES EVIDENCE FOR THQ RESONANCES AT 2 ~ 3 AND 2 ~ 5 GEV
WI TH JP=2- AND '4- COUPLING TO ANTI-LAMBDA P {W ITH 50

K+} AND LAMBDA ANTI-PROTON (WITH 50 GEV/C INCIDENT K-) ~

UNCERTAIN ~ OMITTED FROM TTHE TABL E ~

H G (2008 ) (3 ) GQLDHABZ 77 SHAG +- E+E-
M P. 2008 ~ 6 1 ~ 0 PERUZZI 77 SHAG +- E+E-

M G FROM SIMUL TANEUS F'I T TO 0¹+ t D¹0 tO+ t AND DOt NQT INDEPENDENT OF
M G FELDMAN 77 MASS DIFFERENCE BELOW ~

M P PERUZZI 77 MASS NOT INDEPENDENT GF FELDMAN 77 MASS DIFFERENCE
M P BELOW AND PERUZZI 77 DO MASS VALUE ~

62 (D¹+) — (DO) MASS DIFFERENCE {MEV)

12/77
12/77

M

M C
M C
M P
M P

M Q

M Q
M R
M

'

R

40 K¹(2200) MASS (MEV)

20( 2240 ~ ) ( 20 ) LI SSAUER 70 HBC 9 K+ P
(2200 ' ) APPROX' SLATTERY 71 RVUE 8-13 K+ P

COMPILATION OF (ANTIHYP ~ -NUCLEON) MASS IN K+ P 8 ~ -13~ GEV/C
488(2115 ) ( 46+ ) CARMGNY 77 HBC 0 9 K+DtK+ PIGNS

JP~4+ PREF ERRED FROM MOMENTS ANALYSIS ~

37( 2147. ) {4. ) CHLIAPNI K f9 HBC + K+P TO LAM-BAR P
(2320, } APPRQX ~ CL ELAND 80 SP EC +- lAMBDA ANTI-P+CC

JP=2- FROM MOMENTS ANALYSI Sr
(2510. ) APPROX CLELAND 80 SP EC +- LAMBDA ANTI-P+CC

JPt-4 — FROM MOMENTS ANALYSI S ~

11/71
11/71

12/78¹

1/80¹
1/80*

1/80¹

DM

DM

DH

DH
DM

30 145m 3
2 145~ 2

~ ~ ~ ~ ~ 0

A VG 145 ~ 26
STUDENT l.45 ~ 26

0.5
0 ~ 6
~ ~ ~

0 38
0 41

FELOMAN 77 SMAG D¹+ TQ 00 Pl+ 12/77
BLIETSCHA 79 BE BC NEUTRINO P 12/79¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

62 ( D¹+ ) — {0¹0) MASS DIFFERENCE ( HE V)

12/77EH P 2 ~ 6 1 ~ 8 PERUZZI 77 SNAG +- E+E-
EH P NGT INDEPENDENT OF FELDMAN 77 MASS DIFFERENCE ABOVEt PERUZZI 77
EM P DO MASSe AND GOLDHABERZ 77 D¹0 MASS ~

H

H C

C
W P
W P
W

W Q

Q

H R
W R

40 K¹{2200) WIDTH (MEV)

20 (80 ) (20 ) { I SSAUER 70 HBC 9 K+ P
(200. ) APPROX' SLATTERY 71 RVUE 8-13 K+ P

CGHPI {.ATION OF (ANT IHYP -NUCLEON) MASS IN K+ P 8 ~ -13~ GEV/C
(300. } ( 200 ) CARMGNY 77 HBC 0 9 K+0 tK+ P IQNS

JP~4+ PREF ERRED FROM MOMENTS ANALYSIS
37 ( 40 ~ ) APPROX ~ . CHLIAPNIK 79 HBC + K+P TQ LAM-BAR P

(250, ) APPROX CLELAND S0 SPEC +- LAMBDA ANTI-P+CC
JP=2- FROM MOMENTS ANALYSI S ~

( 250 ~ ) APPROX ~ CLELAND 80 SPEC +- LAMBDA ANTI-P+CC
J P~4- FROM MOMENTS ANALYS IS .

11/71
11/71

12/7 8¹

1/80¹
1/8 0¹

1/SO¹
Pl
P2
P3

62 CHARGED 0¹( 2010 ) H IDTH ( HE V )

62 CHARGED D¹(2010) PARTI AL DECAY HODES

0¹+(2010) I NTQ DO P I+
D¹+ ( 2010) I NTQ D+ G AMMA

0¹+(2010) INTO 0+ P IO

DECAY MASS ES
1863+ 139
186 8+ 0
186 8+ 134

18 ( 20 0) QR LESS PERUZZI 76 SHAG +- E+E-tPSI (4030) 1/77
30 (2 ~ 0) OR LESS Cl~ 90 FELDMAN 77 SHAG D¹+ TO DO PI+ 12/77

AL EXANDE 68 PRL 20 755
LISSAUER 70 NP 8 18 491

REFERENCE S FOR K¹(2200)

ALEXANDERt FIRESTONE t GOLDHAB ERt SHEN ( LRL )
+ALEXANDERt FIRESTONE tGGLDHABER ( LBL)

D¹-(2010) MODES ARE CHARGE CONJUGATES OF ABOVE HODES

GARMQNY 77 PRD 16 1251
CHLIAPNI 79 NP 8 158 253
CL EL AND 80 Pl 8 89 290

+CLOPP tLANDERt HEI ERE t YENr+ (P URDiUCD+IUPU}
CHLIAPNIKGVt GERDYUKQV+ {GERN+BELG+HGNS )
+DELFOSSEt DGRSAZ+( Pl TT, GEVAtLAUS tCERNt DURH } JP

r(2600) 24. I ( 2600 )

GA RMONY 7 1 P RL Z7 1 160 +CORD S CLGPP, ERWINtMEIEREt+ ( PURO+UCD+ IND)
SLAT TERY 71 UR-875-332 (PREP ) P S LATTERYt A REV I EW OF STRANGE ME SONS( ROCH )

62 CHARGED D¹(2010 ) BRANCHING RAT IOS

Rl 0¹+ (2010) INTO ( 00 P I+) /TOTAL (Pl)
Rl G Oe6 0 ' 15 GGLDHA82 77 SMAG + E+E-
Rl G ASSUMING THAT ISOSPIN IS CONSERVED IN THE DECAY

R2 0¹+(2010) INTO {0+ GAMMA)/TOTAL (P2)
RZ Os 08 0 ~ 07 K IRKBY 79 RVUE E+ E-

R3 D¹+( 2010) INTO ( D+ P I 0) /TOTAL (P3 }
R3 G 0 ~ 2S 0 +09 KIRKBY 79 RVUE E+ E-

12/77

12/79¹

12/79¹

H N

H N

M N

M N

H N

H

THIS ENTRY CONTAINS HIGH-HASSt NARROW STRANGE PEAKS ~

OMITTED FROM TABLE~

24 I MASS ( MEV )

130 2600 ~ 0 10.0 APQSTGLAK 77 HBC +- 12PB PtKSPIPIPl
NOT SEEN BY APEL DOGRN 78 IN THE SAME REACTION AND
HI TH ABOUT THE SAME STAT I STI CS t BUT POORER RE SGLUTI QN
THE DISAGREEMENT IS AT A LEVEL OF ABOUT 2 STD eDEV ~

ALSO NOT SEEN BY WHITMORE 78 ~

12/77

PERUZZI Yb PRL 37 569

FELDMAN 77 PRL 38 1313
PERUZZI 77 PRL 39 1301
GOLDHA81 77 CHICAGO APS
GOLDHA82 77 PL 69 8 503

BLIETSCH 79 PL 86 8 108
Kl RK BY 79 SLAG-PUB 2419

BL I ETSCHAU t+
J ~ K I RKB Y

( A ACH+ BONN+ C ER N+HP I M+OX F )
( SLAG)

REFERENCES FOR CHARGED 0¹( 2010)

+PICCOLO t FELDMANt NGUYEN r WI SSr+ {SLAC+{ BL )

+PERUZZI PICCOLO ABRAHS AL AH+ {SLAC+LBL )
+PI CCOLGt F ELDHAN t PERL ~ + (SLACt LBL t NHES+HAWA)
G ~ GOLDHABE R ( LB L+ SLAG )
+Hl SStABRAHStALAMrBOYARSKI t+ (LBL+SLAC )

24 I WIDTH (MEV)

W N 130 (10.0} OR LESS
N SEE NOTE N ABOVE

APGSTQLAK 77 HBC +- 1 2P 8 P t KSP IP I PI 12/77

+ar
61 NEUTRAL D¹ (2010t JP~ 1-) 1~ 1/2

J CONS ISTENT WITH 1 t VALUE 0 RULED QUT ( NGUYEN 77) e

APQSTGLA 77 PL 66 8 185
APELDQQR 78 Pl 72 8 487
WHITMGRE 78 PL 76 8 649

REFERENCES FGR I

A'POSTGLAKI St+ ( CERN+HONS+LOIC+BELG+LALQ)
APELDQGRN KARIHAKI + ( AMST+HELS+LIVP+STQH)
+LAC H t KI TAGAKI t CANTE R r+ {HSU+F NAL+TGHO+TUFT )

61 NEUTRAL 0¹ (2010) HASS ( MEV )

H G 2006. 1 5 GQLOHABE 77 SHAG E+E-
M G FROM SIMULTANEUS FIT TO 0¹+tD¹0t 0+t AND 00~

12/77

61 NEUTRAL D¹(2010} WIDTH (HEY)

(5 ) OR LESS GGLDHAB2 76 SMAG E+E- TO D¹D¹ 3 /77
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Me sons
D (2010), F+. F (2140), EXOTICS

Data Card Listings
For notation, see key at front of Listings.

61 NEUTRAL D+( 2010) PARTIAL DECAY MODES EXOTIC MESON STATES
Pl
P2

D&0(2010] INTO DO PIG
0&0(2010} I NTO DO GAMMA

DECAY MASS ES
1'86 3+ ). 34
1863+ 0

0+0(2010) BAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES

Rj
Rl
Rl
Rl
Rl

61 NEUTRAL 0+(2010) BRANCHING RATIOS

D&0(Z010) INTO (00 GAHMA)/( DO PIO + DO GAMMA) (P2 ) /(Pl+P2 )
G 0~45. 0 o15 GGI DHABE 77 SH AG E+E-
G WE QUOTE THE NORMAL FIT VALUE FROH TAB(. E 1 ~ THE ISO- SP IN
G CONSTRAINED FI T IS NGW KNOWN TG GI VE A 00 GAHMA FRACTION WHICH IS
G TGG LARGE ~ S EE DETAILS IN FOOTNOTE 21 OF F ELDMAN 77 REVIEW.

R2 0+0(2010) INTO (00 PIO) /TOTAL (Pl)
R2 G 0 ~ 55 0 ~ 15 KIRKBY 79 RVUE E+ E-

5fcQQQQQQQ+ QQQQQQ++Q QQ+gc+QQQ

12/77

12/794

50 EXOTIC S

THE PURPOSE OF THIS ENTRY IS T 0 PROVIDE A LIST OF
REFERENCES FOR EXOTIC MESON SEARCHES (SEE HAIN TEXTS
SEC ~ 3 AND TABLE 1) AS WELL AS T}EGRET I CALLY BASED
SUGGESTIONS FOR EXPERIHENTS NOTE THAT LIPKIN 73
PROPOS ES EXP ER IMENTS WHICH ARE CONC} USI VE EVEN IF
NEGATI VE RESULTS ARE OBTAINED+

GG LDHAB 1 76 P RL 37 255
GOLDHAB2 76 S LAC CONF ~ 379

GOLDHABE 77 PL 69 8 503
NGUYEN 77 PRL 39 262

K IRKBY 79 SLAC- PU 8 2419

GOLDHAB E R e A BRA MS t A LA M+

+WISSg ABRAHSy ALAMO' BOYARSK Ig+

J ~ K IRKBY

(I.BL+SLAC)
( LBL+ SLAG ) J

( SLAC}

34 F+- {2030 y J P= } I=

SEE STABLE PARTICLE DATA CARD LISTINGS

REFERENCES FOR NEUTRAL 0+ {2010)

GOLDHABERt PIERRE tABRAMS tALAMs+ (LBL+SLAC)
G ~ GGLDHABER (A VA IL AS LBL-5534) ( LBL+ SLAC) ROSE NFE L

GGDD
CHG
GIACOMEL
LYS
ROSNE R
BUHL
COHE N

DURUSOY
ALAM
COHEN
GREN
BA LTAY
OAV IS

68 PHI LA ~ CONF ~ P ~ 455
69 P R 177 1991
70 PL 32 8 409
70 PL 33 8 373
70 PR 0 2 2525
70 E XP ME SGN SPEC TROS
72 NP 8 37 421
73 NP 8 53 1
73 PL 45 8 517
74 PL 538 207
74 BO STG N

74 NP 8 71 189
75 PL 578 293
75 NP 896 426

REFERENCES FOR EXOTICS

REPORTS O'N SEARCHES

AeH ~ RGSENFELD (LRL )
+JOLDERSHAy PALMER t SAMIOS ( BNL)
+DERRICKgJGHNSONtMUSGRAVEy+ (ANL+NWES4KANS)
G ~ G I ACGHELLI + ( BGNA+ SAC I+AM ST+ REHO+E POL )
JiLYS+ (MICH)
COPY ED C ~ BALTAY AND A H ~ ROSENFELD P 499
+CL INES TERRELL (WI SCONSI N)
+FERSELg SLATTERY g WERNER (ROCHESTER)
+BAUBILLIEReGEORGE ~ ARMENISE p+ (LPNP+BARI )
+BRABSGNy GALLGWAYt+ ( IND+PURD+SLAC+ VAND )
0 ~ COHEN REVIEW TALK {CGLU )
+COOPERS FI ELDS gRHI NE SgblHITMORE e+ (ANl+GXF)
+CAUT IS ~ COHENS KAL ELKARr PIS ElLO e+(CGLU+8 ING )
+AMMARgKROPACg YARGERg+ (KANS+CCAC+ANL)

74 F+(2140' JP G= ) I =

OMITTED FROM TABLE ~

BRUNDIER 76 PL 64 8 107

BGUCROT 77 NP 8 121 251
HOOGlAND 77 NP 8 126 109
HOGGiLAND 77 NP 8 126 109
MOSER 77 NP 8 129 28

ALAN 78 P RL 40 1685
ARMSTRON 78 PL 77 8 447

BRUNDI ERS g BRUNg FLURI s+ (FREI BURG+SAC( +ET H )

+NAVACHy RIVETS + ( LALO+CE RN+CDEF+E PGL)
+GRAYER HYAMS BLUM DITL + (AMST+CERN+HPIH)
+G R A YE R g H YAH S t 8 L UM y 0 I TL g+ ( A M ST+ C E R N+ H P I M )
F ~ L ~ HOSER (EFI }

+BAGGETT y BAGLINy BONAHY+( IND+P URD+SLAC+VAND )
AHSTRONGgFRAHEgHUGHESgBIENLEIN+ (GLAS+DESY )

74 F+ MASS (ME V)

2140 0 60 ~ BRANDELI K 77 DASP +- E+E-g PI 3 GAMMA 12/77

LEHOIGNE 79 PRE ~ DPHPE 79-16 +ABOLI NSt BARATE+ (SACL+LOIC+SHMP+IND )

SUGGESTIONS FOR SEARCHES

RCSNER 68 PRL 21 950' 1468 J ~ L RGSNER ( TE L-A VI V)
ROSNER 70 E XP ~ ME SGN SPECTROSCOPY i ED C BAI TAY AND A ~ H ~ RGS ENFELDe P ~ 499
FAIHAN 73 PL 43 8 307 0 ~ F A I MAN G GOLDHAB ER ~ Y ~ ZARMI . ( C ERN )
I IPKIN 73 PR D 7 226Z H ~ J ~ LI PKIN ( ARGGNNE+F NA L )

74 (F++) — (FO ) MASS DIFFERENCE ( MEV)
HGLHGREN 78 Pl 77 8 304 +P ENNI NGTON ( STGH+C ERN)

DM 110 ~ 46 ~ BRANDELI K 79 DA SP +- E+E-g F GAMMA 12/794

Pl

74 F+ PARTIAL DECAY HGDES

F& INTO F GAMMA

DECAY HA SSE S
2030+ 0

74 F+ BRANCHING RATIOS

Rl
Rl

F& INTO (F GAMMA)/TOTAL
PROBABLY SEEN

(Pl)
BRANDELIK 77 GASP E+E- 12/77

BRANDELI 77 PL 70 8 132
BRANDEL I 78 PL 76 8 361
BRANDEI I 79 Pl 80 8 412

REFERENCES FOR F+(2140)

BRANDEI IK ACCORDS +(AACH+DESY+HAMB+HPIH+TGKY }
BRANDE L IK y CORO Sg+ ( AACH+ DESY+HA MB+HPI M+ 7 GKY }
BRANDELIK g CORDS I +( AACH+DESY+HAMB+MPI H+TGKY )
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Data Card Listings
For notation, see key at front of Listings.

Baryons
N's and Es

Note on N's and g s

I. Determination of Resonance Parameters

Values of masses, widths, and branching ratios
are obtained mainly from partial-wave analyses.
In addition to a few comprehensive partial-wave
analyses, there are numerous others which are based

on somewhat incomplete data or cover only a limited
energy range. We also include some information
from production and total cross-section experiments.
This can be valuable in establishing the existence
of high mass bumps, but. at. the lower energies these
experiments have limited statistics compared to
formation experiments and it is seldom clear which

of several states at similar masses is being
observed.

There are two main problems in obtaining
reliable resonance parameters. First there is
often disagreement as to just what the values of
the partial-wave amplitudes are. This problem is
obviously related to the quality and quantity of
the data and to the procedures ised to determine

the amplitudes. Secondly, even if smooth curves
were available for the amplitudes, there would

still be some parametrization-dependent ambiguity

in deciding what the resonance parameters should be.
From a theoretical standpoint the most, unambiguously

defined resonance parameters are the pole position
and residue, and it has been found in practice that,
given sufficiently precise partial-wave amplitudes,
these quantities can be extracted in a stable and

parametrization-independent way, in spite of the
fact that they require an extrapolation away from

the physical region. This point. has been discussed
in detail with regard to the A(1232) in previous

1,2editions of this review. ' Although the best-
determined pole parameters are those of 6(1232),
there are now a number of determinations for higher

lying resonances which are included in the Data

Card Listings. In most cases we specify pole param-

eters by giving the real and imaginary parts of the

pole position and residue. It should be kept in

mind that these real and imaginary parts tend to be

highly correlated. For the residue, in particular,
it is often the case that the absolute value is
better determined than the phase. For further

discussion see the corresponding references, e.g. ,

NOGOVA 7 3, SPEARMAN 74, BALL 7 5, LICHTENBERG 7 5,
VASAN 76, LONGACRE 7 7, Z IDELL 78, CUTKOSKY 7 9, and

NIROSHNICHENKO 79.
The following sections of this mini-review

contain discussions of various new developments in
experimental non-strange baryon spectroscopy. For

a thorough discussion of earlier results see our
31978 edition and the reviews of K. Lanius and

5S. Ozaki.

At the beginning of the Data Card Listings for
N's and 6's, we present a table giving our evalua-
tion of the status of the N and 6 resonances based

on information contained in the Listings. In the
Table of Particle Properties, we do not quote values

and errors for most parameters, but give only ranges

for masses and widths in order to emphasize that in

some cases these parameters are quite poorly deter-
mined. When in doubt about the reliability of a

particular parameter, we choose the range quoted

in the Tables to be conservatively large.

References for Section I

Particle Data Group, Rev. Nod. Phys. 43,
S114 {1971)-

2. Particle Data Group, Phys. Lett . 39B, 103

(1972).
3. Particle Data Group, Phys. Lett. 75B, No. 1

(j 978) .
4. K. Lanius, in Proceedings of the 18th Interna-

tional Conference on High Energy Physics,
(Tbilisi, 1976), Vol. I, pg. C45.

5. S. Ozaki, in Proceedings of the 19th Interna-
tional Conference on High Energy Physics,
(Tokyo, 1978), pg. 101.

For other references see the Data Card Listings.

Two-Body Partial-Wave Analyses

and New Resonances

Several new partial-wave analyses have appeared,

and older analyses have been published in final form,
1since our 1978 edition. In the TlN ~ 'iTN reactions

we have the analyses of CUTKOSKY 79, HOEHLER 79,
HENDRY 78, ZIDELL 78, and Chew. CUTKOSKY 792

analyzes YiN ~ TlN reactions in the mass range 1300-
2150 NeV, and supersedes the analysis of CUTKOSKY 76

which concentrated on I = 3/2 resonances in a

narrower range. HOEHLER 79 is the published version

Rev. Mod. Phys. , Vol. 52, No. 2, Part II, April 1980
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Baryons
N's and 5's

Data Card Listings
For notation, see key at front of Listings.

OO-IM(331) .00 IM(P31)

I I I I I r I I I r I r I I

1400 1700 2000 2300
I

I

I

I

l

I

.75-

r I r I I I r I I I I
' I I I I

1400 1700 2000 2300

—-P5
I

0 .25
I I

—1 1VV RE(+31)

—.25 . . 0 .25
I 1 I-- 11VV

0
.50 1100 . 1400 1700 2000 2300

ENERGY (MeV)
—.50

I

o .25
I—11VV RK(P31)

—.26
I

0 .26
r-- 11VV

0-r
.50 1100

I

I I r I I I I

1400 1700 2000' 2300
ENERGY (MeV)

- 1400 --1400

7rN ELASTIC S31 AMPLITUDE

—1400 -- 1400

7TN ELASTIC P31 AMPLITUDE

—1700 --1700 —1700 --1700

—2000 --2000 —2000 --2000

--2300 —2300 -- 2300

ENERGY (MeV) ENERGY (Mev) ENERGY (MeV) ENERGY (MeV)

IM(P3 3)
.00- .00 IM(D33)

2300 1400 1700 POOO P300

0 .P5 —.25
I

.25
I

0 ~r r r.50 1100 1400 1700 2000 ?300
ENERGY (MeV)

—.50
I

25 0 .25
I

11VV
—.26 0 ,25

I I 1

RE(D33) 11VV g

0- r

.50 1100
I

1400 1700 2000 2300
ENERGY (MeV)

7rN ELASTIC P33 AMPLITUDE
1 400— 14OO-I

7rN ELASTIC D33 AMPLITUDE

1700 —1700

- 2000 —2000
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Fig. II.1. Amplitudes for I = 3/2 7TN elastic scattering in the J = 1/2 and J = 3/2 waves. The energy depen-
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment. with
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned
at, integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic
threshold to 2500 MeV. The established resonances in these waves are indicated on the Argand plots. The
results of two different analyses are shown; the energy axes for the two analyses are aligned for ease of
comparison. The lower Argand plot for each wave is from CUTKOSKY 79 {results of energy-independent fitting
are shown as data points; the curves show an energy-dependent fit). The upper plot for each wave is from
HOEHLER 79.
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Data Card Listings
For notation, see key at front of Listings.

Baryons
N'S ZLIId b, 'S

Da —IM(3 1 1) 00- IM(p I I)
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—2300 --2300

ENERGY (MeV) ENERGY (MeY) ENERGY (MeY) ENERGY (MeY)

Fig. II.2. Amplitudes for I = l/2 TiN elastic scattering in the J = l/2 and J = 3/2 waves. The energy depen-
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with
the corresponding Argand plot. . In addition, arrows are plotted on the Argand plots with bases positioned
at integer multiples of 50 MeV and a base-to-tip length of 5 NeV. All the energy axes run from elastic
threshold to 2500 NeV. The established resonances in these waves are indicated on the Argand plots. The
results of two different analyses are shown; the energy axes for the two analyses are aligned for ease of
comparison. The lower Argand plot. for each wave is from CUTKOSKY 79 {result:s of energy-independent fitting
are shown as data points; the curves show an energy-dependent fit}. The upper plot for each wave is from
HOEHLE R 79.
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Baryon s
N's aF1d b, 's

Data Card Listings
For notation, see key at front of Listings.
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-2900 -2300
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Fig. II.3. Amplitudes for I = 3/2 71N elastic scattering in the J = 5/2 and J = 7/2 waves. The energy depen-
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic
threshold to 2500 MeU. The established resonances in these waves are indicated on the Argand plots. The
results of two different analyses are shown; the energy axes for the two analyses are aligned for ease of
comparison. The lower Argand plot for each wave is from CUTKOSKY 79 (results of energy-independent fitting
are shown as data points; the curves show an energy-dependent fit). The upper plot for each wave is from
HOEHLER 79.
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D~tg C~rQ Listings
p"or notation, zee key at front of Li&tInR'&.

9aryons
N's and 6's
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I I I I I I I I I I I

1400 1/Oo ZOOO 2300

~ N(1670)

—30
L

—.15
I

0 . 15
I

11UQ RK(D15)
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th 8 = 5/2 and J = 7/2 waves. The energy depen-Fig. II.4. Amplitudes for = /I = 1/2 TiN elastic scattering xn e
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Sary ons
N'S aIId 6'S

Data Card Listings
For notation, see key at front of Listings.
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Fig. II.5. Amplitudes for I = 3/2 TiN elastic scattering in the J = 9/2 and J = ll/2 waves. The energy depen-
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with
the corresponding Argand plot. . In addition, arrows are plotted on the Argand plots with bases positioned
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All energy axes run from 1500 to 3000
MeV. The established resonance in the H3 lj wave is indicated on its Argand plots. The results of two
different. analyses are shown; the energy axes for the two analyses are aligned for ease of comparison.
The lower Argand plot. for each wave is from AYED 76; the upper plot is from HOEHLHR 79-

Rev. Mod. Phys. , Vol. 52, No. 2, Part Il, April t980



Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Baryons
N's and 6's
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Fig. TI.6. Amplitudes for I = 1/2 &N elastic scattering in the J = 9/2 and J = ll/2 waves. The energy depen-
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment. with
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from 1500 to
3000 MeV. The established resonances in these waves are indicated on the Argand plots. The results of
two different analyses are shown; the energy axes for the two analyses are aligned for ease of comparison.
The lower Argand plot for each wave is from AYED 76; the upper plot is from
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Baryons
N's and 5'a

»ta Card Listings
For notation, see key at front of Listings.

of the analysis made available to us by Pietarinen 3

for our 1978 edition, and re ferred to there as
PIETARINEN 78. This analysis covers a wide range,
wi, th claims for resonance masses as large as 3000

NeV. Both CUTKOSKY 79 and HOEHLER 79 make extensive
use of analyticity in their parametrizations, but in

quite different ways. The analysis of,HENDRY 78

concentrates on the most. peripheral high-spin,
high-mass resonances, and extracts these using a

di ffractive + peripheral ansatz for the high energy

behavior of the 7TN ~ 7TN ampli tudes in the impact-

parameter representation. Resonances with spin as

high as 21/2 and mass as high as 4100 NeV are
reported. At lower energies ZIDELL 78 report new

0 ++determinations of the 6 and A pole positions,
2and Chew uses a Barrele t-zero technique to analyze

+ +
7T p ~ 7T p data below 2300 NeV.

Two analyses of inelastic reactions have also
been reported. BAKER 79 analyzes 7T p ~ gn between

1500 and 2250 NeV, and SAXON 80 analyzes 7T p ~ K A

below 2300 NeV. Both are energy-dependent. analyses
in which the existence (and sometimes the masses

and widths) of N resonances are' taken from 7lN ~ 7TN

analyses, and the couplings to the inelastic reac-
tion are determined.

In 1978 we added five new N and 6 resonances

to the Baryon Table (see Ref. 1). These have been

strengthened by more recent results, and two have

been promoted to 4-star status. This year we are
adding one more nucleon resonance, the F17 N(1990).
The results of CUTKOSKY 79 and HOEHLER 79 for this
resonance are illust, rated in Fig. II.4. It was

also observed by BAKER 79, but. not. by SAXON 80.
An important change within the Listings, which

does not yet appear in the Table, is the further
clarification of the P33 amplitude in the range

1500-2000 MeV. The 5{1690) was added to the Table

in 1978, and it. seemed likely that there was another
P33 resonance near 2000 NeV. Most of the evidence
for this effect was contained in the rather confused

listing for the 6(2160). This year we have been

able to extract the information relevant to the P33

partial wave from 6(2160}, combine it with newer

in formation from CUTKOSKY 79 and HOEHLER 79, and

list the new 2-star P33 resonance 5 (1960) . Another

important change in the Listings this year is the
addition of many 1-star high-spin, high-mass

resonances from the analyses of HOEHLER 79 and

HENDRY 78 .

References for Section II
1. Particle Data Group, Phys. Lett. 75B (1) (1978) .
2. D. M. Chew, LBL-5306 and LBL-10075 (.1979) .
3. E. Pietarinen, private communication (1978) .
For other references see the Data Card Listings.

III. The 7TN ~ 7T7TN Channel

In general, the 2 ~ 3-body process, ab ~ cde, is
described by the center-of-mass energy, W, three
angles, (X, g, and g, and two subenergies, w d and

wd . Thus, unlike 2 ~ 2-body reactions, fits atde
single values of W cannot be parametrized in terms

of a set of constants without introducing some

assumptions into the analysis. All fits to 7TN ~ 7T7iN

use the isobar model, which notes that. almost all
events for the reaction lie in bands for quasi-two-
body processes in the Dalitz plot. It. is therefore
assumed that there is no pure three-body interaction
and that the reaction proceeds by the formation of
a two-body state which decays into three bodies.

The basic form used is

X) II N) = QiN )N) BW ) ) X
JILL' JILL'
h, 7T h, 7T

JILL'
) )

JILL'

+ T (W) BW (w„) X
JILL ' JILL '

pN p 7T7T pN

+ T (W) BW {w7T7T) X
JILL' JILL'
EN 7T7T

where in present analyses A = A (1232), N* = N* (1470),
p = p {770), and F is the S-wave, I=O 7T7T enhancement

(although not all the isobars may be included in
the different analyses). Here, BW denotes the
appropriate Breit-Wigner or corresponding two-body

amplitude from 7l'N or 7T7T analyses, and X is a well-
defined function containing all the angular infor-
mation. The decay of the resonances formed in the
reaction is given by the partial-wave amplitudes,
JILL'

T~ , etc. , with J giving the total angular
momentum and I the tot al isospin of the state
formed. L and L' are respectively the orbital
angular momenta of the initial two-body and final
quasi-two-body states. J = L + S = L' + S', with S

and S' as the initial and final total spins. In the
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Baryons
N's and 6's

Data Card Listings
For notation, see key at front of Listings.

feld, G. Smadja, P. Soding, R.J.Cashmore, and

D.W. G. S.Leith, Phys. Rev. Dll, 3183 (1975) .
R.Aaron, R. D. Amado, R.A. Amdt, Y.Goradia,
D. C.Teplitz, and V. L.Teplitz, Phys. Rev. D16,

50 (1977) .
3. K.W. J.Barnham, in Proceedings of the Topical

Conference on Baryon Resonances, Oxford, 1976,
edited by R.T.Ross and D. H. Sa~on, pg. 109.

4. R.Aaron and R. D. Amada, Phys.

1157 (1973).
Rev. Lett. 31,

5. I.J.R.Aitchison and J.J.Brehm, Phys. Rev. D20,

1119 (1979).
6. I.J.R.Aitchison and J.J.Brehm, Phys. Rev. D20,

1131 (1979).

IV. Photon Couplings

IVa. Photoproduction

The couplings of "(N to N* and 6 resonances can

be studied in any formation process in which the

coupling to the final strong decay channel is well

known. In practice, this limits the sources of
such couplings to the analysis of single-pion photo-

production, for which the final state has been

extensively studied in the phase-shift. analysis of
elastic lTN scattering. There are also more experi-
mental data for single-pion photoproduction than for
any other photoproduction reactions. All analyses

rely heavily on information from TiN elasti'c phase—

shift analyses for values of the masses and widths

of the resonances. These are fitted in only a few

photoproduction analyses, and even in these it is
necessary to rely on the 7TN phase-shift analyses for
a prior knowledge of the existence of a resonance

and for starting values for its mass and width.

However, the photoproduction results are of interest
since they give information for the resonance states
with charge of +l.

The most important analyses of single-pion
photoproduction are reviewed below. The formalism

1has been previously described and readers are
referred there for additional information. There

are three basic methods of analysis. All have had

to cope with the difficulty of having four indepen-

dent comp 1ex spin amp 1i tude s at any ene rgy and

production angle, and of having only up to four

independent experimental measurements. The recent
2

measurements of the G and H observables have not

yet been used in any analysis.

(a) Simple Isobar Model

This is the simplest form of energy-dependent

analysis. The partial waves are parametrized as a

smooth background to which Breit-Wigner resonant

structure is added. Usually, the electric, but not

magnetic, Born terms are included explicitly to
reproduce the forward peak in charged-pion produc-

tion. This method is sufficiently flexible to give

excellent fits to the experimental data, but there

are, in principle, difficulties concerning the

uniqueness of the solution due to the large number

of partial waves that are involved. This is over-

come by the form of the parametrization, but it is
not clear how this may bias the solution. The most

extensive- analysis of this type is NETCALF 74, which
3is an extension of the earlier Walker analysis.

+ 0fits gp ~ m n, Yr p and Pn ~ & p from the first
to the fourth resonance region. FELLER 76 fits only

+ 0
Pp ~ 7i n and Ti p from the first to the third
resonance region but uses data not available to
the earlier analysis. Other isobar analyses

(ROSSI 73, HEMMI1 73, HEMMI2 73, BENEVENTANO 74,

and KRIVETS 74 ) have been made on a significantly
smaller scale using small and sometimes restricted
data sets.

(b) Fixed- t Dispersion Re lations (FTDR)

This technique uses the apparent resonant

dominance of the photoproduction amplitudes to get
a relatively simple parametrization of their
imaginary parts. Fixed-t dispersion relations are

used to calculate the real parts without the intro-
duction of other free parameters, or, in some cases,
with only a relatively small number of additional

parameters. This significantly reduces the possi-
bility of multiple solutions and automatically

satisfies the requirements of analyticity. However,

the method is relatively in'flexible compared to the

isobar model, giving poorer fits. Also, as has been
5described in NOELLE 78 and elsewhere, the divergence

of the partial-wave expansions for the dispersion

integrals does not allow the use of experimental

data at all angles above about the third resonance

region. Not. all analyses include the constraints
of unitarity and time-reversal invariance as given
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Data Card Listings
For notation, see key at front of Listings.

Baryons
N's and 6'a

6
by Watson's theorem.

FTDR analyses have been made by groups at
Berkeley (NOORHOUSE 73, KNIES 74, and MOORHOUSE 74),
at Lancaster {DEVENISH 73, DEVENISH2 74}, at Glasgow

(CRAWFORD 75, BARBOUR 76, and BARBOUR 78) and at
Yerevan (AZNAURYAN 77). NOELLE 78 .is a hybrid

analysis incorporating FTDR in a coupled-channel
isobar model.

Resonance Helicity

TABLE IV. 1. The average of the couplings from
POORHOUSE 74, KNIES 74, XETCALF 74, DEVENISH2 74,
FELLER 76, BERENDS 77, and BARBOUR 78. The '

errors take into account both statistical errors
and the variation of values over the analyses.
Where no error is shown, it is considered that
there are too few analyses to make a reliable
estimate.

Helicity Couplings
(GeV) && 10

(c) Energy-Independent Analysis

These evaluate the partial waves by making

independent fits over a range of essentially single
energies, and are thus the least biased of all the
techniques employed. It is necessary to use Watson's

theorem to fix the complex phases of the partial
waves in order to get a unique solution. Due to
inelasticity, this becomes difficult above the first
resonance region, and only BERENDS 77 extends into
the second resonance region. This analysis suggests
in particular that the A coupling for the D (1520)

energy-dependent analyses is too large by a

factor of almost two due to the omission of non-

resonant background.

New Analyses in the Data Card Listi ngs

(1470)

(1520)

S (1535)

D (1670)

S" (170O)

(1700}

P (1780}11
(1810)

1/2

1/2
3/2

1/2

1/2
3/2

1/2
3/2

1/2
3/2

1/2
3/2

-77 + 10

-ll + 8
151 + 37

60 + 19

2Q + j2
20 + 11

-4 + 16
133 + 23

-15 + 35
8+ 25

2 + 40

33 + 54
-39 + 43

35 + 22

-75 + 15
-131 + 17

-56 + 33

-30 + 26
-54 + 27

24 + 11
-20 + 20

-22 + 17

-4 + 45
12 + 30

9 + 50

9 + 40
-10 + 55

AZNAURYAN 77 is an FTDR analysis of '(p ~ TT p
from threshold to a laboratory photon energy of 1.2
GeV. NOELLE 78, as described, is a hybrid isobar
and FTDR analysis of the first and second resonance

regions. BARBOUR 78 is an FTDR analysis that
combines a partial-wave analysis for center-of-mass
energies, W, up to 2.5 GeV with an amplitude analysis
at higher energies to reduce the uncertainty in the
FTDR from the high energy parts of the dispersion
integrals. Data at all accelerator energies are
fitted, and, as in the other Glasgow analyses, the
resonance masses and widths are evaluated with the
couplings. NIROSHNICHENKO 79 is based on an earlier

7energy-independent analysis and measures the pole
+position of the 6, P (1232), resonance.33

Re sonance Coup lings and Errors
in the Data Card Listings

The Data Card Listings give the results of all
recount and extensive analyses. If no error is given,
only a unique result has been quoted. The Berkeley

analyses and CRAWFORD 75 give for the errors the
, spread of solutions around a central value. The

(1990)

G (2190)

p
' (1232)33

S (1650)

D (1670)

P33 (1690}

F (1890)

P (1910)

F (1958)

D (1960)

1/2
3/2

l/2
3/2

1/2
3/2

1/2

1/2
3/2

1/2
3/2

1/2
3/2

1/2

1/2
3/2

1/2
3/2

4Q +
+

—30+?
180 +?

-141 +

-259 + 10

39 + 45

63 + 43
58 + 39

-8 + 20
-7 + 25

35 + 20
-7 + 60

+ 23

-71 + 15
-101 + 45

+

19+?

-69 +?
-72 +

-85 +?
7+?
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Lancaster group give as an error the change of value

for each coupling that is required to increase the
"best possible" X by 1-. METCALF 74, FELLER 76,
and AZNAURYAN 77 quote similar errors. In BARBOUR

78, the point o f view is taken that the systematic
variations due to the dif ferent methods of analyses
are at least as significant as the purely statistical
errors that are usually given. Thus, the errors
quoted are obtained by comparison with other
analyses as -well as from the random variation of
the parameters over a number of fits.

In the compilation of couplings given in Table

IV. 1, the errors given are calculated in a similar
manner from both the statistical errors quoted in
the analyses used and from the spread of results
over the analyses.

Re'ferences for Section IVa

1. Particle Data Group, Rev. Mod. Phys. 48, S157
(1976) .
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430 (1975) .
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7. I.I.Mirashnichenko et. al. , Sov. J. Nucl. Phys.

26, 52 (1977).

IVb. Electroproduction in the Resonance Region
F. Faster, Tancaster Vni versi ty, Apri 2. 2-978)

Both the quantity and quality of the data
continue to improve in t:his interesting but some-

what unfashionable corner of the V, Q plane.
Most; experiments naw use the coincidence technique:
detecting the scattered electron to fix the energy
and momentum transfer, together with one of the
final state hadrons (p, 7T ). By this method the
virt;ual photoproduction differential crass sections
for particular exclusive channels can be determined.

At the dat. e of the 1976 Review many excellent
data sets were already avaj lable. These included
7T production in the first resonance region from

1 ~ 2
DESY, ' the Lancaster-Manchester group at

3Daresbur y, and Bonn University. There was

0 5also gaod 7T data in the second resonance region
+and forward 7T data in the second and third

6resonance regions fram Lancaster-Manchester.
Much interest. was generated by the g data from

Daresbury, DESY, and Bonn, which is a unique indi-
I 7-9cator for the S (1535) resonance. The tota1

10 11cross-section measurements from DESY, Bonn,
12and Stanford gave essential in formation on the

Q2 variation of the resonance "peak" heights in
relation to the background, and demonstrated that
the longitudinal-to-transverse ratio 0 /0 was

L T
every~here very close ta zero.

During the past; two years much nev information
has become available. In particular we have the

+ 0detailed data sets from DESY on single 7T and 7T

production in the second and third resonance
13,14 2 2regions ' at Q values of 0.6 and 1.0 GeV, and

15,16new g data near the Sll (1535) from DESY ' at 0.6,
1.0, 2. 0, and 3.0 GeV and Bonn at Q of 0.4 GeV

2 17 2 2

By changing the virtual photon polarization, both
groups have succeeded in measuring the longitudinal
excitation of the S resonance with the results:
0 /CT = 0.15+ 0.18 (Q = 0.6) -0.06+ 0.16 (Q

15
16 171.10), 0.16 + O. lO (Q = 0.4). The Lancaster-

Manchester group has taken a large amount of data
+on 7T and 7T praduction from a deuterium target

over the second and third resonance regions at Q
2

2values 0.5 and 1.0 GeV . From this data it will be
possible to extract the differential cross sections
g n ~ p7T, which are essential to the understandingv
of the multipole couplings to the isospin-1/2 reso-
nances. Preliminary data vere available at the

18 + 2=Hamburg conference for the 7T /7T ratio at Q = 0.5
2

GeV in the forward direction, and estimates were
presented of the neutral D (1520) multipole

19couplj ngs.
Theoretical analyses of the data sets to

extract resonance multipale couplings necessarily
rely on fixed-t dispersion-relation calculations
which relate the real (background) and imaginary
(resonant) parts of these matrix elements.

20R. C. E. Devenish and D. H. Lyth incorporated
the constraints into an energy-dependent. fitting
procedure and produced the first estimates of
second and third resonance multipoles up to

2 2 5, 6
Q = 1.5 GeV using t;he Lancaster-Manchester ' and

0 +preliminary DESY 7l , 7T, and g data together with
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total cross-section measurements. Since then,
21Gayler has used the final DESY data in the same

fitting routines and has produced improved results
on the couplings to the S (1535), D (1520),
F (1688), and P (1470) resonances.

The present status of the .couplings to the
more prominent resonant states may be summarized

as follows:
P (1232): There is no change from previous

21reviews. However, Gayler remarks that while the
resonance appears to be a dominantly magnetic

(quark spin flip) excitation, the background, which

forms an increasing fraction of the single-pion
cross section as Q increases, is dominantly

helicity-1/2 in the P p system. This is to be

expected on the basis of the quark parton model

and duality.
6, 13,14,21

D (1520): It is firmly established—13
that the transverse helicity-1/2 excitation

2increases rapidly as Q increases from 0 to 1.0
2

GeV . The rate of increase observed depends on

the details of the fitting procedures used, but is
consistent with the magnetic coupling falling
slowly and the electric coupling falling like a

"dipole, " almost as one would expect from a naive
22

harmonic oscillator quark model.
14-17

S11 ( 1535): The new data establish beyond

doubt that the excitation of this resonance falls
less rapidly than its SU(6) partner D (1520) and

the excitation is dominantly transverse. At Q = 0,
contributions of the D and S 1 are in the ratio
4:1, while at Q = 3.0 GeV the ratio becomes an2= 2

amazing 1:2. Thus the second resonant peak in
2total cross-section measurements at high Q is

E

dominated by the S (1535) —this may account for
possible small changes in the observed shape as

Q increases.

P (1470): The situation here is fluid;
although there are no clear signals for this

21resonance, some analyses do require a significant
2= 2 0 +contribution at Q = 1.0 GeV . New Ti and IT data

from Lancaster-Manchester below the second resonance
and from DESY at high Q may clarify the position.

F (1688): Here again the helicity-1/2 to
helicity-3/2 ratio is observed to increase with Q

as we expect from the quark model.

Some progress has been made in understanding

the phenomenology of resonance electroproduction
23within the framework of SU(6) symmetry. Cashmore

24
. et al. , for example, have shown that radiative
transitions between the nucleon and members of the
(70,1 j multiplet are consistent with only three
independent amplitudes, corresponding to quark

orbit flip, spin flip, and simultaneous spin-orbit,
excitation. (Note that the spin-orbit term is
normally neglected in "naive" quark model calcula-

22tions. ) It is necessary to find out if this
relatively simple structure persists as Q increases
and, if it does, to determine the Q variation of
the three amplitudes. Using mainly the amplitudes

connecting the proton and the charged D13 and Sll
25 26resonances, Foster and Alcock et al. have shown

that all three excitation terms are necessary to
describe electroproduction at Q values up to 1

2
GeV . The orbit, flip term falls rapidly, while the

2spin flip term remains almost constant as Q

increases ( just like the simple quark model

predictions), causing the observed helicity change-

over. The spin-orbit term has an intermediate
variation with Q and appears to be influential in

2causing the Sll to dominate the D at Q values
above 0.5 GeV . To be sure that the three terms2

are sufficient to describe electroproduction of the

{.70, 1 j multiplet we will have to await accurate
determination of more charged resonance multipoles
or some measurements of the neutral isospin-1/2
resonance multipoles. The preliminary data from

18,19Lancaster-Manchester ' on the process. P n ~ Tr pv
near the second resonance give results for N and2-
E which are in fair agreement. with the SU (6)

25 w
scheme.
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V. Production Experiments

It is difficult to draw firm conclusions about

N and 6 resonance properties from production experi-
ments because each prominent bump seen in production
is generally a coherent superposition of several
resonances plus non-resonant background. However,

production and formation experiments are clearly
closely related, and we give parameters obtained
from production experiments in the Listings,
although they are not used in the Tables. This

section contains a brief review of the main results
of recent N and 6 production experiments. We

concentrate on diffractive production of IIN and TI7TN

systems as this is where most. of the rec";nt experi-
mental activity has been.

Data on the exclusive channels NN ~ NNTI and

NNTI7I at high energy are now available, both from

FNAL (BIEL 78) and the CERN ISR {WEBB 75, DEKERRET

76, and GOGGI 79). Double diffraction dissociation
reactions have also been studied at the ISR (GOGGIl

78). The diffractively produced, TIN and TIVIN systems

have mass shapes which are remarkably similar to
those observed at lower momenta.

The low mass 7IN system is dominated by a broad

bump peaking around 1.35 GeV, on which may be super-
imposed other structures at 1.5 and 1.7 GeV. The

1.35 GeV bump is produced more peripherally than

those at 1.5 and 1.7 GeV (DEKERRET 76, HARRIS 77,
BIEL 78, and CHADWICK 78). The two higher mass

peaks are probably associated with the Dj 3(1520)
and F15(1688), respectively.

There is mounting evidence for an appreciable
PJ = 1/2 component in low mass N ~ NTI diffractive

dissociation. This is in violation of the Gribov—
+Morrison rule which would allow only 1/2, 3/2

+ + +
p

+ +
5/2 , etc. The reactions W p ~ TI (pTI ) and Tl {nTI )

have been analyzed by OCHS 75 at. 14 GeV/c and

OTTER 77 at 16 GeV/c [who included data on 7r p
'|T (pv )j. In each case the data were fitted with

coherent sums of diffractive and 8 —production
amplitudes. Both analyses concluded that there
is significant diffractive production of 1/2
background for TI'N masses below 1.3 —1.4 GeV.

Moreover, the diffractively produced 7IN system
+could be described completely by 1/2 and 3/2

waves only (i.e. , both Gribov-Morrison violating),
although a sizeable 3/2 contribution could not be

+ + +
excluded. . SOTIRIOU 75 also analyzed IT p ~ Tl (nTI ) at

+16 GeV/c for n'lT masses below 2 GeV. In addition
to enhancements associated with known resonances,
a 200-MeV broad bump at 1.35 GeV was found. The

pJ determination at low mass was not. completely
unambiguous, but the bump appears to be predomi-

+nantly 1/2 below l. 35 GeV, and predominantly 1/2
above. RUSHBROOKE 76 analyzed data an np~ {pYI )p
from 9 to 24 GeV/c. They used a Deck-plus-resonances
parametrization and found broad resonance signals in

+both the 1/2 and 1/2 waves at about 1.4 GeV, as
well as a large 1/2 Deck contribution peaking below

l. 3 GeV. In STRACHMAN 75 the t-channel isospin —0

and isospin —1 parts of NN ~ N(NTI) at 5.7 GeV/c were

separated and the I = 1 NTl mass spectrum found to
contain known resonance peaks, while the I = 01
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spectrum had only a broad bump centered at 1.35 GeV.

The low. mass TrviN system exhibits a broad

enhancement below 2 GeV on which subsidiary peaks

are superimposed at around 1.5 and 1.7 GeV. The

production characteristics are consistent with

diffraction.
Partial-wave analyses of diffractively produced

TlTiN systems have recently been carried out by CARNEY

76, BACON 77, HEINEN 77, IDSCHOK 78, and OTTER 78.
All these analyses use bubble chamber data in the

medium energy range. CARNEY 76 use a compilation
+ + +of data on K p ~ K (pTi Ti ) between 7.3 and 16 GeV/c.

+'
The reaction K p ~ K (pTl Ti ) is studied by. HEINEN

77 at 4. 2 GeV/c and by OTTER 78 at 10, 14.3, and

16 GeV/c. BACON 77 analyze the 10 and 16 GeV/c
+ + +data of OTTER 78 together with Ti p ~ Ti (pTl 7l ) at

8, 16, and 23 GeV/c. IDSCHOK 78 study pp ~ p (pTl Ti )

at 12 and 24 GeV/c.

All the analyses agree that the low mass TiTiN

system can be adequately described assuming a

dominant contribution from partial waves having
p + +

spin parities J = 1/2, 3/2, and 5/2, and having

ATl, pc, and, to a less extent, pp decay modes only.
CARNEY 76 require J &~7/2 above about 1.7 GeV.

BACON 77 cannot rule out alternative solutions
completely in terms of partial waves in the series

P +J = 1/2 , 3/2 , 5/2 , etc. , although this conclu-
sion is not supported by CARNEY 76. OTTER 78 find

evidence for a small contribution {of order 20-o)

from 5/2 {%=2)67T in the mass region 1.60 —1.75 GeV

in addition to partial waves satisfying the Gribov-

Morrison rule. The shape of the 5/2 enhancement

is consistent with a Breit-Wigner form (M = 1.67 GeV,

I" = 0.15 GeV) and is interpreted as evidence for
production of D15 (1670) .

It seems clear that the enhancement at l. 5 GeV

i s predominantly 3/2 (k= 0) 67T, although other partial
+

waves such as 1/2 (R=O)pc are contributing in this
region. No evidence for a resonant nature of the

l. 5 GeV enhancement could be obtained from studies
of relative phases (BACON 77, HEINEN 77, IDSCHOK 78,
and OTTER 78).

The situation concerning the peak at 1.7 GeV

is more complex in that the different analyses come

to different conclusions as to the detailed spin-

parity decomposition. However, all analyses do

+agree that 5/2 is not the only contribution, and

thus the enhancement cannot be comple te ly as soci at ed

with the F (1688) . CARNEY 76 are unable to conclu-

sively identify all the waves contributing to the

enhancement, but both 3/2 (%=1)pc and 3/2 {K=2)677

are strong. On the other hand, BACON 77 find that
+1/2 (R= 0) pc is important in the 1.7 GeV region,

together with 3/2 {k= 1)pC, 3/2 {k=2) ATl, and
+5/2 {g,= 1) ATi . HEINEN 77 also f ind that spin-parity
+1/2 contributes, but that the decay mode is

{R=l)67i. In addition, 3/2 (%=1)pc and 5/2 (%=2) pC
+are present. Spin —parity 5/2 is the most important

contribution to the data of IDSCHOK 78 above 1.6
GeV, but 3/2 (~=1)p& is also significant. No

partial wave exhibits a phase variation. OTTER 78

also conclude that the l. 7 GeV enhancement is
composed of several partial waves with spin-parities

+1/2 (or 1/2 —the analysis cannot distinguish the
+

two possibilities in this region), 3/2, and 5/2

all contributing, as we 11 as 5/2 {R= 2) ATl .
The production of the different spin-parity

states depends very differently on four-momentum

transfer (IDSCHOK 78). Thus the apparent disagree-
ment concerning the exact nature of the 1.7 GeV

enhancement could be due in part to the different
regions of four-momentum transfer used by the

various analyses.
It is interesting to note that the Gribov-

Morrison rule appears to be reasonably well

satisfied for diffractively produced TiTIN systems,

in contrast to the situation for TiN diffraction
dissociation. This could be connected with the
fact that the Deck mechanism is expected to be

important. at low mass and that the major contribu-
Ption is to S-wave states. Thus S-wave DTr{J = 3/2 )

and pE:(1/2 ) both give rise to spin-parities in

the "allowed" series, whereas S-wave Ti N ( 1/2 ) does

not. A similar situation occurs in three-meson

diffractive production, where the "allowed" series
is dominant.

Re ferences for Section V

See the Data Card Listings .
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STATUS AS SEEN IN

GVERALI. TOTAL&
PARTICLE LIJ STATUS CR S PI N ETA N K LAM K SI6

OTHER
PI DE GAM N CHANN

N(939 )
N( 1470)
N{ 1520)
N( 1535 }
N{ 1540)
N( 1650)
N( 1610)
N{ 1688)
N{ 1700)
N{ 1710)
Nt 1810)
N( 1990)
N ( 2000)
N(2040)
N( 2100)
N{ 2100}
N( 21 90)
N{ 2200)
N( 2220)
N( 2600)
N( 2700)
Nt 2800)
N( 3030)
N{3245)
N{ 3690)
N{3755)

Pll
Pll
D13
Sll
P13
Sll
D15
F15
D13
Pll
P13
F17
F15
013
Sll
D15
G17
G19
H19
I 111.

K113
G19

EPS N

RHG N

RHO N

RHO N

RHO N

RHO N

RHO N

RHO N

RHO N

RHO N

STATUS OF N+ RESONANC ES
THOS E W I TH AN GV ERALL STATUS GF +2}'2}' OR 2}'+++ AR E INC LUDED IN THE HAI N BARYON
TABLE ~ THE OTHERS AWAIT CONF ERMATI ON ~

2
2
2
2
2

8
8
8

9
9

5

IN CONTRAST

PHOTO-PROD
PHOTO-PROD
TO 2P I N

OR THE POL E

PHOTO-PROD

79 DPWA 0 P I- P
79 I PWA PI N

79 IPWA P I N

TO ETA N

TO PI N

TG PI N

61 N+ I/2(1470) WIDTH {MEV 1

1
3
6

L
2
2

8
9

5

(255 0)
( 211~ 0)
(164 ~ 0)
(391 )
( 220 ~ )

255 TO 396 ~

180~ OR 2 00 ~

(182 ~ ) (SMALLER MASS)
(75e) (LARGER HASS)

( 330 ~ )
(279 }
( 200 ~ )
(331 ~ )
( 113~ )

370 80
135 10 ~

e e ~ ~ ~ ~ e ~ e

AVERAGE MEANINGLESS (SCALE FACTOR
SEE THE NDTES ACCOMPANY ING THE

BAREYRE
DG NN ACH1
AYED
DAVIES
ALHEHED
CRAW FORD
LONG ACRE
AYED
AY ED
BARBOUR
BERENDS
LONGACRE
BARBOUR
BAKER
CUTKOSKY
HOEHLER

68 RV UE
68 RVU E
70 IP HA

70 RVUE
72 IPHA
75 DP HA

75 I PWA
76 IP HA

76 I PWA
76 DP HA

77 IP WA

77 I PWA

78 DP HA

79 DPWA
79 IPHA
79 I P HA

1 ~ 0)
MASS ES QUOTE D e

P-S ANAI SOL A

P I N PHOTO-PROD
PI N TO ZPI N

P I N PHOTO-PROD
P I-N PHOTO-PROD
PI N TO 2PI N

P I-N PHOTO-PROD
0 P I- P TO ETA N

P I N TG PI N

PI N TO PI N

( 1413 ) AYED - 76 IPWA
(1532 ~ ) AYED 76 IPWA

AYED 76 FINDS 2 OI FFERENT Pl 1 RESONANCES IN THE S REGION
TO ALL OTHER PWASo WE LI ST BOTH TOGETHER HERE UNTIL
SITUATION IS FURTHER CLARI FI ED ~

( 1404 ) BARBOUR 76 DP WA P I N

(1460. ) BERENDS 77 I PHA P I- N

{1380 ) LONG'ACRE 77 IP WA P I N

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S22 EXCEPT F
POSI T ION WHICH IS FROM SOLUTIONS Sl AND Cl

(1417.) BARBOUR 78 DPWA P I-N
SUPERSEDES BARBOUR 76

(1472 ~ ) BAKER
1450 ~ 30 CUTKOSKY
1410~ 12 ~ HOEHLER
e ~ e ~ e ~ e e ~

AVERAGE MEANINGLESS ( SCAI E FACTOR = 1 ~ 2)

11/77
11/77
11/77
11/77
ll/77

1/76
1/78

11/77
1 1/77
11/77

3/ 797}'
3/79~

12/79+
12/79+
12/79+

11/67
6/68
1/71
8/69
2/72
1/76

11/75
11/77
11/77
1/76
1/78

1 1/77
3/79~

12/79+
12/790
12 /79%

DEL(1232 )P33
DEL( 1550) P31
DEL( 1650 ) S31
DEL{1670)D33
DEL t 1690) P 33
OEL(1890 }F35
DEL{ 1900) S31
DEL( 1910)P31
DFL{1950)F37
OEL( 1960)P33
OEL( 1960 ) D35
DEL(2160)
DEL{ 2300)H39
DEL( 2420 ) H31 1
OE L ( 2500) G39
DEL(2750) 3313
DELt 2850)
DEL (2950 )K315
DE L(323 0 )

F
Q

R
8

I
D

D

E
N

F
G

R
8

I
D

D

E
N

RHO N

RHO N

RHO N

RHO N

RHG N

RHG N

RHQ N

RE
RE
RE
RE

IM
IM
IM
IM

61 N& I/2( 1410) REAL PART OF POLE POSITION ( HEV) 1/74

(1375~ ) ( 5 )
(1381 )
1360~ GR 1333e

(1369 )

LEE 73
LGNGACRE 75 IP WA

LGNGACRE 77 I PWA
CUTKOSKY 79 IP HA

F IT TG ALMEHE072 1/74
P I N TO ZPI N ll/75
PI N TG 2PI N 11/77
P'I N TO P I N 12/79{'

(216 ' ) (10 ' )
(209 )

1 67 ~ O R 234.
( 178. )

LEE
LONG AC RE
LONGACRE
CUTKGSKY

73
75 I P HA

77 I PHA
79 I PHA

F IT TQ ALMEHED72- 1/74
PI N TO 2PI N 11/75
P I N TO 2P I N ll /77
P I N TO P I N 12/797{'

61 NJI' I/2( 1470 ) REAL PART OF ELASTIC POL E RESI DUE ( MEV)

61 N' I /2( 1470) -27{'IHAG PART GF P CLE POS IT ION (M EV } 3./74

RER (-9 ) CUTKGSKY 79 IP HA P I N TO PI N I 2/79~

GOOD CLEAR AND UNHI STA KABLE
GOQD7 BUT IN NEED OF CLAR IF ICATION OR NOT ABSOLUTELY CERTAIN ~

NEEDS CONF IRMATION.
WEAK ~

ATTRI BU TED TO THE STATE. CLOS EST TG HIHER E THE CROSS SECTION PEAKS. IHR (-48e)
61 N& I/2(1470} IHAG PART OF ELASTIC POL E RESIDUE (MEV}

CUTKOSKY 79 IP'WA P I N TG PI N 12/7M

61 N&1/2( 1470) ABSOLUTE VALUE OF POLE RESIDUE (HEV) 1/74

ABS (74. ) {5 ) LEE 73 F IT TO ALMEHED72 1/74

S=0 I=1/2 NUCLEON STATES (N) 61 N+ I/2( 1470 ) PHASE OF POLE RES I DUE (RADIANS ) 1/74

PH (-1 4) LEE 73 F IT TG ALHEHED72 1/74

16 PROTON(9382 J=l/2} I=j/2

SEE STAB{.E PARTICLE DATA CARD L IST INGS

17 NEUTRON(939' J~1/2 ) I=1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

N ~f(1470) el. Nel/2(1470, JP=1/2+1 1=1/2
~

pj]
MASS AND WIDTH ARE BEST DETERMINED FROM PARTIAL HAVE
ANALYSES WE lI ST PRODUCT ION EXP ERI MENTS S EPARAT ELY
SEE- BElGH

P 1
P2
P3
P4
P5
P6
P7.
P8
P9
P1 0
Pl 1
P12

N41/2( 1470)
N& I/2 (1470)
N&1/2 ( 1470)
N&l/2 (1470)
N+ I /2 ( 3.470 )
N& I/2 ( 1470)
N&j/2 (1470)
N+I/2(1470)
N+I/2(1470)
N+I/2 (1470)
N+ I/2( 1470)
N~l/2 (1470)

61 N& 1/2( 1470) PARTI AL DECAY MODES

INTO PI N

INTO N EP 5 ILON
INTO N+3/2( 1232 ) Pl
INTO N PI PI
I NTO GAMMA N

I NTO N RHO
INTO GAM P2 HEL ICETY=1/2
ENTO GAH N2 HELICITY=1/2
INTO E TA N

INTO K LAMBDA
INTO N RHO2 S=l/22P WAVE
INTO N RHQ~ S=3/ZiP-WAVE

61 N+3. /2( 1470) BRANCHING RATIOS

DECAY MA SSE S
139+ 938
93 8+1300

1232+ 139
93 8+ 139+ 1 39

0+ 938
938+ 776

0+ 938
0+ 939

93 9+ 548
497+1115
938+ 776
93 8+ 776

M

M

M 1
M 1
M 3
M 6
M 6
M

M 7

M L
M L

6 1 N& 1/2( 1470) MA S S ( ME V)

{1370 0)
(1380 ~ 0)
( 1470 ~ 0)

W HERE CROSS SECTION
(1466 0)
( 1461 0}

FROM ENER DEP. FIT OF ARGAN
( 1462 0}
{1470.}

1 405 ~ TO 1420 ~

14 15 ~ OR 1390
THE 2 SETS OF PARAHETERS ARE

BRANDS EN 65
ROPER 65
BAREYRE 68

IS GREATEST
DGNNACHl 68
AYED 70

0 DIAGRAM
DAY I ES 70
ALMEHED 72
CRAWFORD 75
LONG ACRE 75

FROM HETHODS

RVUE PHASE-SHIFT ANAL
RVUE PHASE-SHIFT ANAL
RVUE P HASE-SHI F T ANAL
EYEBALL F IT
RVUE P HASE-SHIF T ANAl
I PWA

P-S ANAL SOL ARVUE
IPWA
DPHA P I N PHOTO-PROD
IPHA PI N TQ 2PI N

1 AND 2 OF LQNGACRE 75 ~

AYED 76 CLAIMS TWQ Pll STATES IN THE 1500 MEV REGEONe
HE T ENTAT I VELY LIST BOTH HER E.

9/66
9/66

11/67

6/68
1/71

8/69
2/72
1/76

11/75
11/75

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
RI,
Rl

N&1/2 ( 1470) INTO (PI N) /TOTAL
}. (Oe68 ) BAREYRE 68 RVUE
3 (0 658) DQNNACH1 68 RVUE
6 (0 564) AYED 70 I PHA
4 (0 49) DA VI ES 70 RVUE P-S ANAL SOL A

A {Oe67) ' {Oe18} SAXON 70 HBC AT 1400 HEV
8 (0 ~ 58) (0 093 SAXON 70 HBC
7 (0 ~ 65 ) ALHEHED 72 IPWA
2 ( ~ 54) ( SMALLER MASS) AYEO 76 I PHA
2 (.16) (LARGER HASS) AYED 76 IPHA
A A AND B CORRESPOND TO THE 2 BEST SOLUTIONS ~ ANALYSIS IS DONE ON THRE
8 BOCY DECAYS' ASSUMING ONLY P je P2 ANO P3 DECAYS PRESENT ~

~ 65 ~ 05 CUTKQSKY 79 IPHA P I N . TO PI N

~ 51 ~ 05 HQEHLER 79 IPHA PI N TO PI
e e ~ ~ e e e e ~

AVERAGE MEANINGLESS (SCALE FACTOR = 2 0)
SEE THE NOTES ACCOMPANYING THE MASSES QUOTEOe

11/67
6/68
1/71
8/69
6/70
6/70
2/72

11/77
ll/77

12/794'
12/79+
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Particle Data Group: Review of particie properties S191

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(~470)

RZ N& I/2( 1470) INTO ( N EPSILON) /TOTAL
R2 DOMINANT INELAST IC DECAY THURNAUER
R2 DOMINANT INELASTIC DECAY NAMYSLGWS
R2 DGHINANT INELASTIC DECAY ROSENFELD
RZ DCMINANT INELASTIC DECAY MORGAN
R2 0 (0 ~ 16) DIEM
RZ 0 ASSUMING R 1= 0 ~ 61
R2 A (0 30} (0 ~ 20) SAXCN
R2 8 (0 20) {0 ~ 12) SA XQN
RZ A AND 8 CORRESPOND TG THE 2 BEST SOLUTIQNSr

(P2)
65 RVUE
66 RVUE
67 RV UE
68 RVUE
70 IPWA

70 HBC
70 HBC
SEE NOTE IN Rl»

I SOBAR MGD EL
3 BODY ANALYS IS

11/67
11 /67
ll/67
6/68
1/71

6/70
6/70

AY ED
DAVIES
DIEM
SAXON

70 K IEV CONF
70 NP 8 21 359
70 K IEV CONF ~

70 P R 02 1790

BAREYRE 68 PR 165 1731
DCNNACH1 68 PL 268 161

ALSO 68 VIENNA 139
ALS G 68 T HES IS

MORGAN 68 P R 166 1731

P BAREYREs C BRICHANs G VILLET (SACLAY) I JP
A OONNACHIEs R G KIRSQPPs C LOVELACE (CERN) I JP
DGNNACHI E RAPPORTEUR S TALK (GLAS )
R G K IRSOPP ( EDI N)
D MORGAN (RHEL)

R AYEDs P BAREYREs G VILLET ( SACL) I JP
A OA VI ES (GLAS 1

4 SHADJAr CHAVANGN ~ DELERs DQLBEAU+ (SACL)
S AXONs MUL V EY s C HI NOW SKY (DXFr LRL)

1/71

6/70
6/ 70

3/72

R4 N+ I/2( 1470) INTO (GAMMA N} /(PI N)
R4 F STRONG I ND IC AT ION RGSSI
R4 F DISAGREES WITH OTHER DATA

(P5) /(Pl )
73 DBC 0 GAM N TG PI-P ~ 2/73

2/73

R3 NAj/2 (1470} INTO (N&3/2( 1232) PI ) /TOTAL ( P3)
R3 0 (0» 17) DIEM 70 IPWA 3 BODY ANALYSIS
R3 D ASSUMING Rl= 0.61
R3 A (0 03 ) (0 20) SAXON 70 HBC
R3 8 (0 22) (0 12) SAXON 70 HBC
R3 A AND 8 CORRESPOND TG THE 2 BEST SGLUTIGNsr SEE NOTE IN Rl ~

R3 R (0» 20) HAKARQV 71 IPWA 0 P I- P TQ P I P I N

R3 R ASSUMES R 1=0 ~ 6» MAXIMUM CM ENERGY ANALYZED WAS 1435 MEV ~

DEVENISH
HE HM I 1
HEHM I 2
LEE
LEHOI GNE
MOOR HOU S
ROSS I

ALSO

73 PL 478 53
73 PL 438. 79
73 NP B55 333
73. PRL 31 1029
73 PURDUE CONF ~ 93
73 PL 438 44
73 NC 13A 59
71 LNC 2 1183

MAKA ROV 71 S JNP 1 3 510
HICKENS 71 LNC 1 707
ALHEHED 72 NP 840 157

s GAS ILOVAs NELYUBINs++
R E MI CKENS
+LOVELACE

( IGFFE INST) I JP
(FISK)

( LUND ~ RUTG) I JP

DE VE NI SHr RANKI Ns LYTH (LOUC+BGNN+LANC) IJP
HEMMls INAGAKI+ (KYOTQ+SAGA+KEK+TCKY) I JP
+I NAGAKI tKIKUCHI r HAKI t HIYAKE+ (KYOTOt TOKYO) I JP
LEEs SHAW ( UC I+ROYAL HOLLOWAY COLLEGE) I JP
+GRANET s MARTY s AY EDs BAR EYREr BORGEAUD ~ + ( SACL ) I JP
MGQRHOUSE s OBERLACK ( GLAS+LBL ) I JP
+P IAZZ As SU S INNOs + ( RGMA s FRA S s NAPL s PA VIA ) I JP
CARBGNARA FIORE ~ + (NAPLr FRAS PAVIA ~ ROMA) IJP

R5
R5 0
R5 0

R6
R6 E
R6 E

N+ I/2 (1470) INTO (N RHG )/TOTAL
(0 07) DIEM

AS SUH IN G R 1= 0 ~ 61

(P6)
70 I PWA 3 BODY ANALY S IS

(P5)
THEORETI CAL EST «

N& I/2 ( 1470) INTO ( GAHHA N) /TOTAL
( 0006 ) MICKENS 71

TOTAL WIDTH TAKEN AS 250 MEV

1/71

10/71

BENE VENT 74
DEVENI SH 74
DEVENIS 2 74
KNI E S 74
METCALF 74
HGCRHOUS 74

NC 19A 529
NP B 81 330
PL 52B 227
PRO 9 2680
NP 876 253
PRO 9 1

BENEVENTANO DANGELOs NOTARISTEFANI ~ + (RCHA) I JP
DEVENI SHr F ROGGATTt MARTIN(DESY r NGRDITAs LCUC)
DEV ENI SHs L YTHr RANK IN (DE SYs LANCs BONN) I JP
KNI E S s MGORHGUSE t GBERLACK (I BL r GLAS }IJP
W J METCALF sR L WALKER (CIT) I JP
HOGRHOUS Er GB ERL ACKs RGS ENF ELD ( GLA S+LBL ) I JP

R7
R7
R7 9
R7 9
R7 9
R7 9
R7 5
R7 5

N»ic I/2( 1470) FROM Pl N INTO ETA SQRT(Pj&P9)
{+~ 23) LEHGIGNE 73 DPWA 1488 TO 1685 HEV
(+ 3281 FELTESSE 75 DPWA 0 1488 TO 1745 MEV

SUPERSEDES LEMGI GNE 73 s USES M AND W OF AY ED 76 (LARGER MASS)
AN ALTERNATIVE WHICH CAN NOT BE DI STINGUI SHED FROM THIS IS TG HAVE
A P13 RESONANCE WITH M~j530s W=79s AND COUPLING~+ ~ 271
BAKER 79 F INDS A COUPLING OF THE N+(1470) TQ THE ETA N CHANNEL
NEAR (BUT SLIGHTLY BELOW) THRESHOLD ~

2/74
2/74

11/75
11/75
11/75
11/75
12/794
12 /79{s

CRAW FORD
FELTE SSE
KRIVETS

ALSO
LGNGACRE

ALSO

75 NP 8'97 125
75 NP 893 242
75 SJNP 20 430
74 S JNP 19 112
75 P L 558 415
78 PRO 17 1795

AY ED 76 C EA-N- 192 1
BARBOUR 76 NP 8111 358
FELLER 76 NP B104 219

R L CRAWFORD (GLAS) I JP
+A YE 0 r 8 A RE Y R E s BORG EAU D s CAV I Dt E RNW E IN+ ( S ACL ) IJP
+HIROSHNICHE NKOs NIKIFGRGVssANI N+ (KIEV) I JP
KRIVETssNIKI FGROVs SANINs SHALATSKI I ( KIEV) I JP
+ROS ENF E LD t L AS I NSK I t S M AD JA+ ( LBLt S LAC ) IJP
LONGACR E s LAS INSK I r ROSE NFE LD+ ( LBL s 5 LAC )

A YED ( THE S I S) (SACL) I JPI' MD BARBOURsR ~ L CRAWFORD {GLA S) I JP
+FUKUSHI HA rHORI KAWAs KAJ IKAW A+ {NAGOYA+GSAKA ) IJP

R8
R8 C
R8 C

Ns' I/2( 1470) FROM P I N TQ K LAMBDA SQRT (Pl+PIG)
—~ 296 «068 DEVENISH 74 0 F I XED T Dl SP REL

EXTRAPOLATION OF PARAHETRI ZED AMPLITUDE BELOW THRESHOLD ~

R9 N& 1/2(1470) FROM PI N TG N+3/2{1232) PI SQRT {Pj+P3)
R9 L (-.30}GR —.37 LGNGACRE 75 IPWA P I N TO ZPI N
R9 8 (- ~ 41 ) LGNGACRE 77 IPWA P I N TQ 2P I N

R9 8 LGNGACRE 77 CGiNSIDER THIS COUPLI NG TG BE WELL DETERMINED ~

R10 Nss j/2( 1470) FROM PI N TG N RHG S=l/2 P-WAVE SQRT (P j'sPj j }
R10 L (0 0) OR — 23 LGNGACRE 75 IPWA PI N TG 2PI N

Rl 0 8 (+.11 ) LQNGACRE 77 IPWA P I N TQ 2PI

4/75
4/75
4/75

lj/75
11/75
11/77

ll/75
11/75
11/77

AZ NAURYA 77 EF I-264 ( 57) -77
BERENDS 77 NP 8 136 317
LONG ACRE 77 NP 812 2 493

Ai SG 76 NP 8108 365

+AKOPOVsBAGDASARYAN (YEREVAN PHYSICS INST ~ ) I JP
F ~ A BE RENDS s A ~ DGNNAC HI E (LEIDsHCHS ) IJP
LONGACREs DG} BEAU ( SACL) I JP
DGLB EAUr TR IANT IS r NEVEUr CADI ET (SACL ) I JP

BARBOUR 78 NP 8141 253 BARBOUR s CRAW FORDt P AR SON S ( GLA S)
NO ELL E 78 P TP 60 778 P» NOE LLE ( NAGO)
BAKER 79 NP 8156 93 +BROWN t CLARK sDA VIE St DEPAGTER r E VANS+ ( RHEL) I JP
CUTKGSKY 79 PRD 20 2839 +FQRSYTHr HENDRICKs KELLY {CARN+LBL ) IJP
HOEHLER 79 HANDBOOK OF P I-N SCATTERINGt PHYSI K OATEN VOL 12-1

+KA ISERs KOCHs PIETARI NEiN /KARLSRUHE I JP

Rl 1
Rl 1 8
Rj1 8

N&j/2( 1470) FROM Pl N TO N RHQ S=3/2 P-WAVE SQRT ( P 14'P12)
18) LGNGACRE 77 IPWA PI N TG 2PI N

LQNGACRE 77 CONSIDER THIS COUPLI NG TG BE WELL DETERMINED ~

61 N&1/2( 14 fO) PHDTGN DECAY AMPL(GE V++- I/2)

R12 N& I/2(1470} FROM PI N TQ N EPSILON SQRT (P j+PZ)
R12 i (.18 )OR + ~ 23 LQNGACRE 75 IPWA PI N TG 2PI N

R12 8 (+.18) LQNGACRE 77 IPWA P I N TO 2PI N

11/77
11/77

ll/75
11 /75
il/77

BAREYRE
BAREYRE
DALI TZ
JOHNS ON

DCNNACHI
WALKER
AY ED
BERARDQ
AY ED

64 PL 8 137
65 PL 18 342
65 PL 14 159
67 UCRL- 1 7683 THESIS
69 NP 108 433
69 PR 182 1729
70 PL 318 598
70 PRL 24 419
72 BATAVI A CONF

+BRICMANs VALLADASr VILLETt +
+BRICMAN j STIRLINGr VILLET
R H DALI TZ r R G MOGRHQUSE
C H JOHNSON
A DQNN ACHI Es R K IR SOPP
R L WA LKER
+BAREYREr VILLET
+HADDGCKsNEFKENS t ~ ~ t PARSONS+»
R AYED tP BAREYRE t Y LEHGIGNE

(SACLAYt CAEN) IJ
( SAC {.AY) I JP

( GXF r RHEL )
(LRL)

( GLA S+EDI N)
(CIT) IJP

{SACLAY)
{UCLA+LRL 1

( SACL)

PAPERS NGT REFERRED TO IN DATA CARDS

FOR 0EF INI TIGN OF GAMMA-NUCLEON DECAY AMPL I TUDES t SEE Hl NI-
REVI EW PRECEDING THE BARYON L I STINGS

GAM Pr
022

HEL ICITY= 1/2 {GEV++- 1/2)
DEVENISH 73 DPWA
HE MMI 1 73 . +
MGGRHGUS 73 DPWA
DEVENIS2 74 DPWA
KNI E S 74 DP'WA

METCALF 74 DPWA
HGGRHGUS 74 DPWA
CRAWFORD 75 DPWA
KR IVETS 75 DPWA
BARBOUR 76 DP WA

FELLER 76 DPWA
AZNAURYAN 77 DPWA
AZNAURYAN 77 DPWA
BERENDS 77 I PWA
BARBOUR 78 DP WA

NGELL E 78
TIGNS USING M=1.486r W= ~ 6 13

N&j/2(1470) INTO
096(- ~ 080)

—.055
079
066
070

—~ 087—.070(- ~ 071)
(- ~ 053 1

087
—~ 038

019
0761
075(- 12 51

CONVE RTE D TG QUR

Al
Al
Al
Aj
Al
Al
Aj
Aj
Al
Aj
Aj
Aj
Al
Al
Aj
Al 9
Al N

Aj N

Al
Aj AVE

P I N PHOTO P RQO
F WD P IO PHTGPROD
P I N PHOTO-PROD
P I N PHOTO-PROD
PI N PHOTO PROD
P I N PHOTO-PROD
P I N PHOT G-PROD
P I N PHOTO-PROD
P I-N PHOTO-PROD
PI N PHOTO-PROD
P I N PHOTO-PROD
PIG PHTPRGs SOL 1
PIO PHTPRDs SQL 2
P I-N PHOTO-PROD
PI-N PHOTO-PROD
PI-N PHOTO-PROD
F RGH NOELLE 78 ~

~ 028
~ 012
~ 013
023

» 002.040

.006
013
011

»015

CON VE N

~ ~ ~ ~ » ~ ~ ~ ~

RAGE MEANINGLESS (SCALE FACTOR = 3 0)

2/74
2/74
2/73
4/75
2/74
2/74
2/74
1/76
1/78
1/76
2/77

12/79+
12/794'

1/78
3/79~
j/804'
j /804

THE FOLLOW ING ARE THEORETICAL PAP ERS CQNCERiNING THE N+ 1/2( 1470)
RE SNI CK 66 PR 150 1292 L RE SNICK (NI ELS BOHR)
SCHWARZ 66 PR 152 1325 J H SCHWARZ ( LRL)
BALL 67 P R 155 1725 JS BALLr GL SHAWs DY HONG (UCLAs UCI s UCSD)
GOLDBERG 67 P R 154 1558 H GOLDBERG ( CORNELL )

14'{}'0 MKV REGION —PRODUCTION EXPERIMENTS
91 Ml/2( 1470s JP= ) I=1/2 PRODUCT IGN EXPERIHENTS

UNDER THIS HEADING WE INCLUDE ALL BUMPS WHICH L IE WELL
BELOW 1500 ME V SEE THE Hl NI-RE VIE'W PRECEDI NG THE N
AND DELTA LISTINGS FOR A 0ISCUSSIGN OF PRODUCTION
E XPERI HE NTS.

A2
A2
A2 8
A2 8
A2
A2 F
A2 F
A2 5
A2 5
A2
A2
A2
A2
A2
A2
AZ 9
A2 N

AZ N

A2
A2 AVE

BRANDSEN 65 PR 139 B1566
ROPER 65 PR 138 B 190
THURNAUE 65 PRL 14 985

REFERENCES FOR N+I/2(1470)

+QDQNNE LL r MGQRHGUS E
LD ROPER r RH WRIGHTs BT F ELO
P G THURN AU ER

( DURHAHr RHEL ) IJP
{LRL-LVMRs HIT) I JP

( RQCH)

NAMYSLGW 66 PR 157 1328

RGSENFEL 67 IRVINE CONF

NAHYSLGWSKIsRAZMIs ROBERTS (STANsEDINs LGIC)

A H RGSENF ELDr P SOD I NG

N& I /2 {1470) INTO GAM Ns HEL ICITY"-1/2 ( GEV++- I/ 2)
~ 089 056 DEVENISH 73 DPWA PI N PHOTO PROD

(- ~ 001) HEMHI2 73 0 GAH N TQ PIO N

CGNVE RTED TG QUR CGNVE NTIONS US I NG H AND W F RGH WALK ER69 AND X= ~ 55
+ ~ OOZ 025 HOQRHQUS 73 DPWA P I iN PHOTO-PROD

~ 117 ~ Ojj ROSS I 73 DPWA 0 GAM N TO PI- P
CQNVE RTED TG QUR C GNVE NTIONS USI NG H ANO W F RCM RQSS l73 AND X= ~ 55(.083} BENEVENT 74 DPWA 0 GAM N TQ PI- P
CGNVE RTE0 TQ GUR CONVENTIONS US I NG M=1470 MEV W=230 MEV X= 55

041 025 DEVENIS2 74 DPWA PI N PHOTO-PROD
000 0 13 KNIES 74 DP WA P I N PHOTO PROD

~ 043 ~ 035 HETCALF 74 DPWA PI N PHOTO-PROD
~ 033 ~ 013 HOORHGUS 74 DPWA P I N PHOTO —PROD

+. 044 .007 CRAWFORD 75 DPWA P I N PHOTO-PROD
(+.058) BARBOUR 7e DpwA pl N pHQTo-pRQD
+ 059 016 BARBOUR 78 DP WA P I-N PHOTO-PROD
( 062} NQELLE 78 P I-N PHQTG-PROD

CCNV ERTED TQ QUR CONVENT IGNS USING H=l 486r W= 613 FROM NOE LLE 78 ~

« ~ ~ ~ » ~ ~ ~ ~

RAGE MEAN INGLESS ( SCALE FAC TOR = 2 ~ 9)

2/74
4/75
4/75
2/73
4/75
4/75
4/75
4/75
4/75
2/74
2/74
2/74
1/76
1/76
3/ 79is'
1/80+
I /804'

M

H

M

M

M

M

M

M

M

M

M S
H S
M S
M

M

M

H

M

M

H

M

M

H

H

M

M

M

M

M 1
M 1
H 1
M

M

M

H

CGCCGNI 64 CNTR +
ADELMAN 65 HBC +
ANKENBRAN 65 CNTR +
BELLETTIN 65 SPRK +
ANDERSON 66 SPRK +
BLAIR 66 CNTR +
FOLEY 67 CNTR
ALMEIDA 68 HBC +
BELL 68 HBC
LAHSA 68 HBC
SHAPIRA 68 0BC

TH MUCH IMPROVED

QATAR'

(1400» 1

( 1425 ~ }
{1430. )
( 1400
(1405 )
( 1410~ )
(1400 ' )
( 1450 ~ )
( }.420 ~ )
(1400 ~ }

175( 1446 )
THE ~ EFFECT
0 I SAP PEARE

( 1390» )
120 (1 443

{1410» )
( 1430 ~ )
(1460 ~ )
{1461 )

120(1462 0)
( 1425 ~ )
(1411 0)

64(1410' 0)
( 1464 0)
(1250 ' )
(1440 ' )
( 1479~ )
(1430 ~ )
( 1450 )

PW A INDI CAT
S-'WA VE GELT

{1450» 1

(1462» 1

(1466» )
(1390» )

A P PROX
A P PROX
APPROX
APPROX

(15 )
(15 }
(30 ~ )
(17 ~ )

APPROX
APPROX

(11 )
OF SHAP IRA 68s Wl

0 (YEKUT IELl 72) ~

(20 ~ )
(15 )
(13
(20 )

TAiN 68 HBC
RHODE 69 HBC
ANDERSON 70 MMS
BALLAH 71 HBC +-
BEKETOV 71 HBC +
80 ES EBEC 71 RV UE
MA 71 HBC +
RUSHBROOKE71 HBC +
EDELSTEIN 72 HHS +
GAGE 72 0
KARSHON 72 DBC +
LI SSAUER 72 DBC 0
RGNAT 72 HBC
LICH THAN 74 HBC +
L ICHTHAN 74 HBC +
BLOBEL 75 H BC +

EMENT I S PRI HARILY AN
H I s JP~ 1/2s 3/2- ~

CAVALLI 75 SPEC +
CAVALLI 75 SPEC +
CAVALLI 75 SPEC +
MU SGRA VE 75 HBC

( 10»)
(6 0)

(25 ' )
{10 ~ 0)
(33 0)
(7 ~ 0)

120/80

45/45

(15 ' )
(8 )
(8 ~ )

ES PI+P I-P ENHANC
A++PI — SYSTEM WIT

(16 )
(llew )
(28 )
(10 )

91 N+ I /2( 1470) HASS ( HEV) ( PROD ~ EXP ~ )

PP 3 6-12 GEV/C
K-P 1 ~ 45 G EV/C
PP 7 1 GEV/C
PPr 0 10-26 GEV/C
PPs 6-30 GEV/C
P P 2» 8-7 ~ 9 GEV/C
P I+- P AND PP
P P-P 2P I s 1 OGE V/C
P I+- Ps 6 GEV/C
PI-P s 8 GEV/C
INTO PP Ir PN 7»0
HAS ALMOST

PP TO PIPs 6 ~ 1
PP 22 GEV/C
PI- P TQ P I- MHS
PI+-P AT 16GEV
P I P 4 ~ 45GE V/C
PPr PI-Ps K P PROD
P P TG P N PI
PP TG P 2P I 16GEV
PP 6 TO 30 GEV
P D 5»9GE V/C
PD--P02 PI 7 GEV
K+N TO K+N'}i 12GV
P I+P TG 3PI P
P I+P TO 3 PI P
P I-P TO 3P I P
PP TO P(PI+PI-P )

PP TG ZN»i»r W=23GV
P P TO 2N+ s W~3 I GV
P P TO ZN»i's W= 53GV
K+ P TO K PI N

7/66
7/66
7/66
7/66
7/66

11/67
10/69
6/68
6/e8

10/69
ll/77
11/77
10/69
10/69
2/71
2/72
3/72
3/72

10/71
2/72
1/73

12 /72
12/72
1/78
2/73
4/75
4/75
1/76
1/76
1/76
1/76
1/76
1/76

ll/75
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S192 Particle Data Group: Review of particle properties

BaryOnS
N(1470), N(1580)

Data Card Listings
For notation, see key at front of Listings.

M

M

M

M

M

M

M

M

M I

M I
M

M W

M W

M G

M G
M G

1350 TQ 1400 ~ STRACHMA 75, BC
(1450~ ) ( 10. 1 ATHERTON 76 HBC
1400. TO 1420 ' RUSHBRQO 76 HBC
1400» TQ 1425 RUSH BROO 76 H BC

(1458. 1 (20 ~ ) APPLE 77 SPEC +
(1473 ~ ) (5 ) APPL E 77 SP EC +
(1460. ) ( 10 ~ ) HEI NEN 77 HBC +
(1470 ) ( 10 ) H E INEN 77 HBC 0
(1350, ) CHADHI CK 78 HY BR +

CHADHICK 78 CONCLUDE THAT AN INTERPRETATION OF THEI
RESONANCE IS HIGHLY IMPROBABLE

(1490~ ) {20 ~ ) EKELQF 78 SPEC +
707 ( 1 454 ~ ) {20 ~ ) KENNEDY 78 HBC +

WIDTH FI XED AT 180 MEY

870( 1 419 ~ ) ( 7 ~ ) APELDGGRN 79 HBC +-
PEAK COULD NOT BE F ITTED W ITH S INGLE BRE IT-WIG NER»
SIGMA 51 ME V FOLDED IN

(1360 ~ ) HI ROSE 79 HBC +

N BAR (N PI )
PBAR P 5 7 GEV
P PI — Sl-HAVE
P P I — P 1-W AVE
P P TO P (P PIO)
P P TO P (N PI+1
K-P TO K- N++
K-P TO KOB AR N+ 0
P I+-P 14 GEV/C
R PEAK AS A

P HE--P P I P I HE
PI+ P 10 3 GEV/C

PBAR P 7»2 GEV/C
GAUSSIAN OF

P I+P 16 GEV/C

1/T6
2/77
2/77
2/77
1/78
1/78
1/78
1/78
1/78
1/78
1/78
1/78
3/79~

12/79+
I2/794
12/T9+
12/79+

BLOB EL
BRAUN2
CA VALLI

ALSO
MUSGRAVE
STRACHMA

ALSO

75 NP 897 201
75 NP 895 503
75 LNC 14 353
75 L NC 14 345+359
75 NP 887 365
75 NP 898 120
76 NP 8107 330

EDELSTEI 72 PR D5 1073
GAGE 72 NP 846 21
LISSAUER 72 PRO 6 1852
KARS HON 72 NP 8 3T 37 1.
RQNAT 72 NP 838 20
YEKUT I E L 72 NP B40 77

BERLAND 74 NP 875 93
ALSO 74 PL 518 187

LICHTMAN 74 NP 881 31

-E DE L ST E I N g CARR I G AN g HI EN s MCM AHON g + ( CAR N+ BNL )
W GAGE gE COLTONgW CHINOWSKI {LBL)
+F IRESTONEy GINESTETy GQL DHABERy TR ILl ING( LBL }I JP
+YEKUTI ELI s YAFFE s SHAPIRAg RQNAT g+ (REHO) I
+E I S EN BERG y L YGN S s SHAP I RA g TOAFF+ ( REHO)
YEKUTI ELIg YAFFEs SHAPIRAgRGNAT + (REHQ )

BERLANDg HABERg HODOUSy HULSIZERy+ {MI'T) I
BERLANOgHABERs HODQUS y HULSI ZERs+ (MIT ) I
L IC HTMAN y 8 I SHA Sg CA SON y K ENNE Y s MCGAHAN+ ( NQAM) I

+ESKRE YS»FESEFELDT gFRANZ+ (BONN+HAMB+MPIM) I J P
+GER BERy MAURERy MICHALONy SCHIBY+ STBRB y LPNP I
CAVA LLI-SFORZAs CONT A+ ( PAYIA+PRIN )
CA VA LL I-SF ORZA g CGNTA+ ( PA VI A+PRI N)
+PEETERSg SCREINERy WHITMOREy YUTA ( ANL)
STRACHMANy BRAUNsGERBER ~ MAURER+ (LPNP+STRB) I
STRACHMAN {LPNP) I

M 8
M 8
M 8
M 8
M 8
M 8
M 8
M 8
M 8

( 1250 ~ ) BERLAND 74 HBC +0 I SGSPIN ANALYS IS
(1230 ) BRAUN2 75 BC P BAR P AND Dy 5 ~ 7
(1230~ ) STRACHMA 75 BC NBAR (N PI )

THE EFFECT SEEN BY BERLAND 74 IN A PRI SM PLOT ANALYSI Sg BY BRAUN2
75 IN A DALI TZ PLOT F ITg AND BY STRACHMAN 75 IN AN AMPLITUDE
ANALYSIS LIES HELL BELOW THE MASS OF MOST OTHER BUMPS LISTED hERE.
BRAUN2 75 AND STRACHMAN 75 ANAL YSE THE SAME DATA ~ 8 ER LAND 74
CAN E XP LAI N THE OBSERVED F EATURES OF THEIR DATA H IT H A DOUBLE
REGGE EXCHANGE MODEL

91 N+I/2( 1470) WIDTH (MEV ) (PROD ~ EXP ~ )

10/74
11/75

1/76
1/76
1/76
1/76
1 /78
1/78
1/78

ATHERTQN 76 NP 8103 381
RUSH 8 ROD 76 P RD 13 1835
AP PLE 77 L NC 18 167
HEINEN 77 NP 8122 443

CHADW ICK 78 PRD 17 1713
EKELOF 78 NP 8132 212
KENNEDY 78 P RD 1 7 2888
APEL DOOR 79 NP 8156 111
HI ROSE 79 NC 50A 120

ATHERTGNsFRENCHs SKURAgBGHM+ (CERN+PRAG)
RUSHRBOOKEyRAJAy ANSQRGEyCARTERyNEALE (CAVE) JP
+ASH g CHENG g COYNE g GROSS MAN+ ( PR IN+ PAV I A )
+EN GEL EN s K ITTE L g ME TZGE R+ ( NI JM+ A MST+CERN) I JP

+CARROLL sCHALOUPKA g BA( LAM+ ( SLAC+CIT+LBL ) I JP
+HERZy HAGBERGg KULLANDER+ {CERN+UPP S+LQUC ) I J
+ZEMANY g BEAUFAYSs KEY g LUST Eg PRENT ICE+ {T NTO )
VAN APELDOORN s HARTING y HOLTHUI ZEN+ {AMST)
+KANAIg KITAMURAy KOBAYASHI ( TQKY) I

PAPERS NOT REFERRED TO IN DATA CARDS

H

H S
W

H

W

H

.H

H

W T
H T
W

W

W

H

H

H

H

H

H

W

W

H

W

H

W

W

W

H

W G
W G
W G

P I+- P AND PP100 )
198.}
150 1

100, )
210 ~ )
150. )
100. )
(60 )
(54.0)
QW WI D }H
125. }
188 0)
212 ' 0)
124 ' 0)
300» )
100 ' )
(50 )
(62 ' }
250 ~ )
249 ~ )
205 ' )
145~ )
145. )
145 ~ )
273. )
120. )
(30. )
120 )
(90 )
200 ~ )
120 ~ )
C QULD N

51 MEV
(67 ' )

175 l

120 (

(

120
NARR

(
(
(
(
(

(
870 (
PEAK
S IGMA

68 HBC
68 DBC
68 HBC
69 HBC
70 MMS

71 HBC
71 HBC
71 RVUF
71 HBC
UAL N'y {1
Tj HBC
72 MMS

72 DBC
72 DBC
72 DBC
72 HBC
74 HBC
74 HBC
75 SPEC
75 SP EC
75 SPEC
75 HBC
76 HBC
76 HBC
76 HBC
77 SP EC
77 S PEC
77 HBC
7T HBC
78 SP EC
79 HBC
T-W I GNE R

BELL
SHAPIRA
TAN
RHODE
ANDERSON
BALLAN
BEKETOV
BOESEBEC

0/80 MA

IS IS NGT THE US
RU SHBROG KE
ED ELST E I N

GAGE
KARSHGN
LISSAUER
RONAT
LICHTMAN
LICHTMAN
CAVALL I
CAVAI LI
CA VALL I
MUSG RAY E
A THE RTON
RUSHBROQ
RUSH BROQ
APPLE
APPLE
HE I NEN
HE INEN
EKE LGF
AP ELDOORN

WITH S INGLE BR EI

(40 )
(60 )
(15 ' )
( 15»)
(40 ' )

P P 22 GEV/C
PI- P TQ PI- MMS
PI+-P AT 16GEY
P PI+ P I- MASS
P Ps PI-Pg K-P PROD
P P TO P N PI
)
PP TQ P2PI 16GEV
PP 6 TO 30 GEV
PD 5»9GEV/C
P 0--PD2P I 7 GEV
K+N TG K+N+ 12GV
P I+P TO 3PI P
P I+P TQ 3PI P
P I-P TO 3PI P
P P TO 2Ns}'y H~23G V

PP TO 2N+ ~ W=31GY
P P TO 2N»}' y H~53GV
K+ P TQ K P I N

P BAR P 5 ~ 7 GEV
P PI — S 1-HAVE
P PI- Pl-W AV E
P P TO P (P PIO)
P P TO P (N PI+)
K-P TG K- W+
K-P TO K 08 AR Nsy 0
P HE--P PI PI HE
PBAR P 7 2 GEV/C '

G AUSS I AN 0 F

(20 ~ )
(12 ~ 0
SUGGE
(25 ' )

(38 ' 0
(62, 0
(20 0

) 12
STS TH 470

0

0
(30 )
(25. )
(18 )
(95 ~ )
(90 ~ )

(105 )
(35. )
(18 ~ )
(30 )
(90~ )
(20 ~ )
(30 )
(20 )
(30 ~ )

+
0

+
(10 ' )

QT BE F
FOLDED

ITTED
IN

HIRQSE 79 HBC + P I+P 16 GE V/C

6/68
10/69
10/69
10/69
2/71
2/72
3/72
3/72

10/71
10/71

2 IT2
1/73

12/72
12/72
1/78
2 /73
4/75
4/75
1/76
1/76
1 /76

11/75
2/77
2/77
2/77
1/78
1/78
1/78
1/78
1/78

12 /79II
12/79)I'
12/79+
12/794

GELLERT
ALBERI
HALK ER
CLEGG
AL EXANDE
ANSORGE
BEAUPRE
COOP ER
DEUT S CHM

OCHS

CARNEY
DEKERRET
RUSHBRGO
SOTI RIGU
BACON
HARR IS
OTTER
BI EL

ALSO
GOGGI1

ALS Q

GGGGI 2
IDSCHQK

ALSO
OTTER
MUHLEMAN
BAKKEN
GQGG I

66 PRL 17 884.
68 PR 176 1631
68 PRL 20 133
69 NP 813 222
73 NP 852 221
73 NP 863 93
73 NP 866 93
74 NP 8 79 259
75 NP 899 397
75 NP B86 253

76 NP 8110 248
76 P L 638 477 y 483
76 PRD 13 1835
76 NP 8107 457
77 NC 42A 431
77 NP B119 189
7T NP 8 130 349
78 PRD 18 3079
76 PRL 36 504y 507
78 PL 798 16 5
77 PL 72 8 261
78 NP 8143 365
78 NC 48A 395
75 BLGBEL
78 NP 8 139 365
78 NP 8133 189
79 NC 49A 465
79 NP 8 161 14

N(1520)
THE EX

+SMI THg WOJCICKI g COLTGNg SCHLEIN + (LRLg UCLA)
+APPELy BUDNITZy CHENg DUNNINGyGO ITEIN+ (HARV)
+THGMPSQNg ROBERTSON»QHg LEE sHARTUNGs+ (W ISC)
CL EGG ( LANC)
AL EXANDERg BENARY+(TEL-AVIV+HEI DELBERG+DESY )
ANSORGE gMADENgNEALEs RUSHBROOKE (CAVE)

(AACH+8 ERL+BONN+CERN+NDAM+P ENN+TQHO) I
COGPERs SEI DLg VANDERVELDE (MICH) I JP
DEUT SCHMANN+(AACH+BONN+BERL+CE RN+CRAC+HE ID)
+DAVI DSONg DZIERBAg FI RESTQNE+ {CIT+SLAC+LBL ) I JP

+COLLEYy JONESg KENYON+ ( BIRM+BRUX+CERN+MGNS) I JP
+NAG Ys REGLER r BRANDTs {CERN+ HAMB+IPN+V I EN)
RUSHBROOKE y RAJAg ANSQRGE gCARTER sNEALE (CAVE) I JP
D ~ SOT I RIOU (CERN) IJP
+8ARNHAMgDORNAN s EASONs P CLLOCK+ (LCIC} I JP
+L UBATT I g MOR I YASUg 8 INGHAM+ ( HA SH+UCB )
+RUDOLPHg WIECZGREK+ (AACH+BERL+BONN+CERN) IJP
+F ERBELg SLATTERY+ ( RQCH+NWES+F NAL+SLAC)
BI EL y BL ES ERy F ERBEL+ ( ROC H+FN AL+S LAC+NHE S )
+CA V Al LI —SF QRZA s CONT A+ (CERN+PAV I )
GOGG I s MANTGVANI ~ CA VALLI-SFORZA+ (CERN+PA V I )
+CA VALLI-SFQRZAs CONT A+ {CERN+PAVI )
+SCHRODERg B LOBE L gF RANZ+ (BONN+HA MB+MPIM) I JP

+RUDOLPH+ (AACH+ BERL+C ERN+LQIC+Y IEN) I JP
MUHL EMANNy CAR ITHERSg FERBEL g LAM+ {RGCH+MCGI )
+ JACOBSENgGENNGH+ (GS LG+S TQ H+HEL S+ABO }
+CONTA gF RA TERNAL I s LI VAN+ (C ERl'l+PAVI+TRST }

I
1/2(1520y JPs 3/2-) I~ 1/2 13
ISTENCE OF THIS RESONANCE I S HELL ESTABLI SHED ~

Pl
P2
P3
P4
P5
Pb

Rl
Rl

R2
R2
R2
R2

R3
R3 P
R3 P

91 N+ j/2( 1470) PARTIAL DECAY MODES (PROD ~ EXP ~ )

N&j/2(1470)
N+ I/2 ( 1470)
N&j/2(1470)
N4 I/2 {1470)
N& I/2 ( 1470)
NOj/2(1470}

INTO PI N

INTO N PI PI ( Jy I ~0 )
INTO @+3/2( 1232 } PI
INTO N P I P I
I NTQ GAMMA N

INTO N RHQ

DECAY MASSES
139+ 938
938+ 139+ 139

1232+ 139
93 8+ 139+ 139

0+ 938
93 8+ 776

91 Ns}'1/2( 1470) BRANCHI NG RATI QS (PRQ D» EXP )

N+I/2 (1470) INTO (PI N) /TOTAL
( ~ 66) TAN 68 HBC

(Pl)
PP TQ PIPg 6 1 10/69

N&1/2 (1470) INTO (N&3/2 (1232) PI) /( N P PI ) (P3) I (P41
0 ~ 5 0 ' 2 HE INEN 77 HBC + K-P TO K- N++

FOR THE P PI+ PI- FINAL STATE ONLY ~

1/78
1/78

REFERENCE S FOR Ns}'I/2( 1470) {PRCD ~ EXP ~ )

N& 1/2 ( 14701 INTO (Ns}'3/2 ( 1232 } PI ) /TCTAL (P3)
PROBABLY SEEN JESPERSEN 68 HBC PP 22 BEY/C 11/68
PROBABLY SEEN LAMSA 68 HBC P I-P 8 BEV/C 11/68
DGMI NANT BLOBEL 75 HBC + PP TQ P{PI+PI-P) 1/78

M

M

M 1
M 1
M 3
M 6
M 6
M 4
M 7
M

M

M

M

M

M

M 8
M 8
M 8
M

M

M

M

M

M A

62 N+ 1/2 (1520 ) MASS (MEV)

(1 530 ~ 0) BRANDSEN 65 RVUE
(1536» 0) ROPER 65 RVUE
(1510 0) BAREYRE 68 RYUE

WHERE CROSS S ECTION IS GREATEST — EY EBA
( 1541 0) DONNACH1 68 RVUE
(1 523 0) AY ED 70 I P HA

FROM ENER» DEP ~ FIT OF ARGAND DIAGRAM
(1512 0) DA VI ES 70 RVUE
(1520 ~ ) ALMEHED 72 IP WA

1 501 ~ TO 1 503 ~ CRAWFORD 75 DPHA
L 1 524 ~ OR 15 20 ~ LGNGACRE T5 IP WA

L THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND

(1525 ~ ) AYED 76 IPHA
(1 503 ~ ) BARBOUR 76 DP WA

( 1510~ ) BERENDS 77 IPWA
(1510~ ) LGNGACRE 77 I P HA

ALL LCNGACRETT PARAMETERS ARE FROM SOLUTION S2s
POSITION WHICH IS FROM SOLUTIONS Sl AND Cl ~

A (1503 ~ ) BA RBOUR 78 DP HA

A SUPER SEDES BARBOUR 76»
1525 ~ 15 CUTKO SKY 79 IP HA

1 519» 4 ~ HOEHLE R 79 I PWA
~ ~ ~ ~ ~ ~ ~ ~ ~

VERAGE MEANINGLESS (SCALE FACTOR % 1 ~ 0)

PHASE-SHIFT ANAL
P HAS E-SHIFT ANAL

' PHASE-SHIFT ANAL
LL F IT

PHASE-SHIFT ANAL

P-S ANAL SQL A

P I N PHOTO-PROD
P I N TO 2PI N

2 OF LONGACRE 75 ~

P I N PHOTO-PROD
P I N PHOTO-PROD
P I N TQ 2 PI N

EXCEPT FOR T HE POL E

P I-N PHOTO-PROD

P I N TO PI N

PI N TQ PI N

9/66
9/66

11/67

6/68
1/71

8/69
2/72
1/76

11/75
ll/75
ll/77

1/76
1/78

11/77
lj/77
11/77
3/79+
3/79~

12/79~
12/79+

CQCCQNI 64
AD EL MAN 65
ANKE NBRA 65
BELL ETT I 65
ANDERSON 66
BLAIR 66

FOLEY 67
Al MEIDA 68
BELL 68
JE SPERSE 68
LAMSA 68
SHAPIRA 68
TAN 68
RHODE '69
ANGE RSQN 70

PL 8 134
PRL 14 1043
NC 35 1052
PL 18 167
PRL 16 855
PRL 17 789

P RL 19 397
PR 174 1638
PRL 20 164
PRL 21 1368
P R 166 1395
P RL 21 1835
PL 2 88 195
PR 187 1844
P RL 25 699

BA LLAM 71 PR D4 1946
BEKETOV 71 SJNP 13 605
BQES EBEC 71 NP 833 445
MA 71 PRL 26 333
RU SHBRQO 71 P R D4 3273

+LILLETHUNgSCANLQNsSTAHLBRANDTy + (CERN)
S L ADELMAN {CAMBRIDGE{CERN) )
ANKENBRANDTy CLYD Ey CORKy KE E FE s K ERTH+ l LRL )
BELLETTINI gCGCCONI gDIDDENS + (CERN)
+BL ESER y COLL INS y FU JI I y + ( BNL g C ARM)
+TAYLGRgCHAPMANg+ (HARWELI- ~ QU EENMARYs RHE(. )

+JONESy LINDENBAUMy LOVEyGZAKI+ ( BNL)
+RUSHBRGOKEg SCHARENGUI VEL+ -(CAVEs DESY)
+CR ENN ELL y HOUGH g KAR SHON g LA I + ( BNL yC UNY)
J E SP ERS EN s KANG g KER NA N+ (IOWA STATE)
+CASQN BI SHAS, DORADO GRGYES + (NOTRE DAME)
+BENARYy EISENBERGy RONATy YAFFE+ (REHO)
TAN PERL ~ MARTIN VHINOWSKU + {SLAC+LRL+UCI )
RHODE g PEACOCK y KERNANs JE SPERSEN ~ + ( I SU)
+BLESERy BL I EDEN g COLL IN S++ {BNLsCARN)

+CHADHICKy GUIRAGOSSIANg JOHNSON y++ ( SLAC) I
y ZGM8KOVS KI I g KGNOVALOV g KRUCHIN IN s ++ ( ITEP ) I J
BQESEBECKgGRAESSLERs KRAUSg+++ (ABBCHLY) I
+COLT GN ( MSU+I BL ) I
RUSHBROQKE g WILLI AMS+BAREFORD++ (CAVE g l GIC) IJ

H

3
6

W

H 7
H

W L
H

W

H

H 8
H A

W

H

W

W

H AY

62 N4 I/2( 1520) WIDTH (ME V)

68 RVUE
68 RVUE
70 IP WA

70 RYUE
72 IP HA

75 DPHA
75 IP HA

76 IPHA
76 DP HA

77 I PHA
77 I PWA
78 DP WA

79 DPWA
79 I P HA

79 IPWA

BAREYRE
DONNAC H 1
AYED
DAYI ES
ALMEHED
CRAWFORD
LONG ACRE
AY ED
BARBOUR
BERENDS
LONG ACRE
BARBOUR
BAKER
CUTKOSKY
HQEHLER

( 125~ 0)
( 149 0)
( 131~ 0)
{106 ~ 0)
( 120 ~ 1

115~ TO
120 OR

( 122 ~ )
( 137~ )
(105 1

(110 )
(135~ )
( 183~ )

125
114'

1 50»
150 '

25 ~

7 ~

~ ~ ~ ~ ~ » ~ ~ ~

ERAGE MEANINGLESS (SCALE FACTOR = 1 0)
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED»

P-S ANAL SOL A

P I N PHOTO-PROD
PI N TG 2PI N

PI N PHOTO-PROD
PI-N PHOTO-PROD
PI N TO 2PI N

P I-N PHOTO-PROD
0 PI- P TQ ETA N

P I N TO PI N

PI N TQ PI N

11/67
6/68
1/71

2/72
1/76

11/75
11/77
1/76
1 /78

11/77
3/79*

I 2/794
12/794
12 /794
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Particle Data Group: Review of particle properties S193

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(1680)

RE
RE
RE

l 1514 }
1508 ~ OR 1505 ~

( 1510 )

LONGAC RE
LONGACRE
CUT KOSKY

T5 I PWA
77 I PHA
79 I PH A

PI N TG 2PI N

P I N TO 2P I N

PI N TO PI N

62 N&1/2( 1520) REAL PART OF POLE POSITION (MEV) 11/75

11/75
11/77
12/79

R12 N+1/2 ( 1520) FROM PI N TO ETA N SQRT (Pl+ P6} 1/76
R12 9 f+ 011)QR + 058 FEI TESSE 75 DP WA 0 1488 TQ 1745 ME V 1 /76
R12 9 SUPERSEDES LEMQIGNE 73 g USES M AND H OF AY ED 76 ~ 11/77
R12 ( ~ 02) BAKER 79 DP WA 0 P I- P TG ETA N 12/79+

IM
IM
IM

RER

I MR

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pl 1
P12
P13
P14
P15
P16

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3

R4
R4
R4
R4

R5
R5
R5
R5
R5
R5
R5
R5

R6
R6
R6

R7
R7
RT

RS
RB
RS

62 N41/2( 1520) —241MAG PART OF POLE POSITION ( ME V)

( 146 ~ )
109 ~ OR 107 ~

( 114~ )

LGNGAC RE
LONGACRE
CUTKGSKY

75 I PWA
77 I P WA

79 I PHA

PI N TG 2P I
PI N TO 2PI N

PI N TQ PI N

62 0+ 1/2( 1520 ) REAL PART OF ELASTIC POLE RE'SIDUE ( ME V)

(34 ~ ) C UTKOSKY 79 I P WA P I N TQ PI N

(-8 ~ )

62 M'1/2(1520) IMAG PART OF ELASTIC PGL E RESIDUE (MEV )

CUTKGSKY 79 IPWA P I N TO PI N

62 N+ I/2( 1520) PARTIAL DECAY MODE S

N&1/2 (1520) INTO PI N

N+1/2 ( 1520) I NTG N+3/2( 1232) PI
N&1/2(1520) INTO N PI P I
N+1/2(1520)+ INTO NEUTRGN Pl+
N&1/2( 1520)+ INTO PROTON PI+ PI-
N41/2 (1520) INTO N ETA
N&1/2{ 1520) INTO N EPSILON
N&1/2( 1520) INTO N RHG
N&1/2 ( 1520) INTO GAM Py HE{.IC ITY=1/2
N&1/2( 1520) INTO GAM Pg HELICI TY=3/2
8+1/2 ( 1520 } INTO GA M Ns HEL IC ITY= 1/2
N&1/2 ( 152 0) I NTQ GAM N g HELI C I T Y=3/2
N41/2 ( 1520 ) INTO K LAMBDA
N+I/2(1520) INTO N+3/2(1232} Ply S-WAVE
N&l/2( 1520) INTO 0+3/2( 1232) PI gD-HAVE
N+1/2 (1520) INTO N RHODE S=3/2g S-WAVE,

DECAY MASS ES
139+ 938

1232+ 139
938+ 139+ 139
939+ 139
938+ 139+ 139
93 9+ 548
938+1300
93 8+ 776

0+ 938
0+ 938
0+ 939
0+ 939

497+1115
123 2+ 139
1232+ 139
93 8+ 776

62 N+1/2(1520) BRANCHING RATIOS

N& 1/2 {1520) I NTG ( PI N) /TQT AL
1 ( 0. 54)
3 (0 ~ 509)
6 {0 593)
4 (0 45)
7 (0 ~ 58)

( ~ 56).5e ~ 06
54 ~ 03

SEE THE NQT ES ACCOMPANY ING THE

ALMOST THE ENT IRE INELASTICITY I S
AND IT OGESNT) ~ THE N PI PI SEEMS
S AND D WAVES ~

~ ~ ~ ~ ~ 0 ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR

BARE YRE 68 RVUE
DONNACH1 68 RVUE
AYED 70 I PWA
DAVI ES 70 RVUE
ALM EHED 72 I P WA

AYED 76 I PHA
CUTKQSKY 79 I P WA

HOEHLER 79 IPWA
MASSES QUOTED~

(Pl)

P-S ANA L SOL A

P I N TO PI N

PI N TG PI N

IN N PI PI ( ONLY N ETA COULD COMPETE p

TG BE MAINLY N+3/2{ 1232) PI y IN BOTH

1 ~ 0)

N+1/2 (1520) INTO (N+3/2{ 1232) P I )/TOTAL l P4)
0 ~ 20 0 05 KI RZ 66 HBC 0 ASSUMING Rl=o ~ 72
DOMINANT INEL DECAY OLSSGN 66 RVUE PI P TO Pl PI N

D (0 ~ 40 ) DI EM 70 I PWA 3 BODY ANA LYSI S
D ASSUMI NG Rl= 0 ~ 5

N&1/2 ( 1520) INTO (8+3/2 l 1232 )
LARGE
LARGE
L ARGE
LARGE
LARGE

PI)/(N PI PI)
THURNA UER 65
NAMYSLQHS ee
ROBERTS 67
RGSENF EL 0 67
MQRG AN 68

(P2)/(P3)
RVUE
RVUE
RVUE
RVUE
RVUE ISOBAR MODEL

N&1/2( 1520) INTO (N EPSILGN)/TOTAL {PT)
PROBABLY PRESENT MORGAN 68- RVUE I SOBAR MODEL

D (0 ~ 02 ) DIEM 70 IP WA 3 BODY ANA LYSI S
D A S SUM I NG Rl= 0 ~ 5

N+ I/2( 1520) INTO ( N RHO ) /TOTAL
(0 ~ 07 ) DI EM

A S SUMI NG R 1= 0 ~ 5

( PS)
70 IP'WA 3 BODY ANALYSIS

N4'1/2( 1520) FROM P I N TQ K LAMBDA S QRT (P1+P13)
076 032 DE VENI SH 74 0 FIXED T DI SP REL

EXTRAPQLAT IGN OF PARAMETRI ZED AMPLITUDE BELOW THRESHOLD

M+I/2 ( 1520) FROM PI N INTO N EPSILON SQRT (Pl+PT}
(0~ 0) OR + ~ 17 LGNGACRE 75 IPWA P I N TQ 2P I N

(+.13) LQNGACRE 77 I PHA PI N TQ 2 PI N

0+1/2( 1520) I NTQ f N ETA) /TOTAL (P6)
D (0 ' 006) APPROX DAVIES 67 RVUE

DAVIES 67 GIVES SEVERAL VALUES DEPENDING ON INPUT DATA. ALL ARE SMALL
8 (0 ~ 014) BOTKE 69 MPHA T PGL E+ RE SON ~

B (0 ~ 003} (0 001) DEANS 69 MPHA T POLE+ RE SON ~

8 (0~002}QR 0.004 CARRERAS 70 MPWA T POLE+ RESON
8 PARAMETRI ZATIQN USED COULD BE IN DANGER OF DOUBLE COUNTING

SEEN LEMGIGNE 73 DPWA 1488 TO 1685 MEV

11/75

11/75
ll/77
12/79%

12/79+

12/794

11/67
6/68
1/71
8/69
2/72

11/77
12 /794
12/79+

9/66
9/66
1/71

11/67
11/67
11/67
11/67
6/68

6/68
1/7 1

11/67

10/69
5/70
5/70

2 /74

1/71

4/75
4/75
4/75

11/75
11/75
11/77

62 N+1/2(1520) PHOTON DECAY AMPL(GEV++-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPL ITUOESg SEE MINI-
REVIEH PRECEDING THE BARYON LI STINGS ~

8+1/2(Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al A

Al N

Al N CGNVE
Al
Al . AVERAGC M

GAM Pg
+022

1520) I NTG.010(- e 026)
-~ 026
—~ 008
-+019
—~ 006

F 000
009

(+ 011)(- ~ 012)
—~ 005- ~ 003
—~ 030(- 021)
—~ 016(- ~ 008)

RTED TO GU

~ 015
~ 015
~ 008
006.Ooe

~ 004

~ 005
~ 003
~ 002

~ 008

R CQNVE
~ ~ ~

( SCALE
~ ~ ~ ~ ~

EAN IN GL ESS

HEL IC ITY=l/2 {GEV++-1/2)
DEVENI SH 73 DPWA
HEMM I 1 73 +
MGGRHQUS 73 DP WA

DEVENI S2 7 t DP WA

KNIES 74 DPHA
ME TCALF 74 0 P WA

MOORHGUS 74 DPHA
CRAWFORD 75 DPHA
KR IVETS 75 DP WA

BARBOUR 76 DPHA
FELLER 76 OPWA
AZNAURYAN 77 DPWA
AZNAURYAN 77 DPHA
BCRENDS 77 IP WA

BARBOUR 78 DPWA
NOE L LE 78

NT IGNS USING M 1 528 W 187

FAC TOR = 3~ 5)

P I N PHOTO PROD
F HD PI 0 PH TOP ROD
P I N PHOTO-PROD
P I N PH QTQ-PROD
P I N PHOTO PROD
P I N PHOT G-PROD
P I N PHOTO-PROD
P I N PHOT 0-PROD
P I-N PHOTO-PROD
P I N PHOTO-PROD
PI N PHOTO-PROD
P IO PHTPRD y SQL 1
P IO PHT PROD SQI- 2
PI-N PHOTO-PROD
P I-N PHOTO-PROD
P I-N PHOTO-PROD
FROM NQELLE 78 ~

A2 I+I/2( 1520) INTO GAM P g HEI IC ITY=3/2 {GEV++-1/2)
A2 a180 ~ 017 . . DEVENISH 73 DPHA
A2 + ~ 194 ~ 031 MGGRHGU S 73 DP WA

A2 171 012 DEVENIS2 74 DPWA
A2 ~ 169 012 KNI ES 74 DP WA

A2 + 165 ~ 011 METCALF 74 DPHA
A2 ~ 17.4 ~ 006 MOGRHQUS 74 DP HA

A2 + '162 ~ 0 04 CRAHFGRD 75 DPHA
A2 (+.138) KRIVETS 75 DPWA
A2 l+ ~ ).581 BARBOUR 76 DP HA

A2 + ~ 164 ~ 008 FELLER 76 DPWA
A2 + 182 ~ 006 AZNAURYAN 77 DPHA
A2 + 133 002 AZNAURYAN 77 DPHA
A2 (+.075) BERENDS 77 IPWA
A2 A + ~ 157 ~ 007 BARBOUR 78 DPWA
A2 N ( ~ 206) NOELLE 78
A2 N CGNV E RTED TO GUR CONVENT IONS USING M 1 ~ 528' H~ ~ 187
A2 ~ ~ ~ ~ ~ ~ ~ ~ ~

A2 AVERAGE MEANINGLESS (SCALE FACTOR = 4 1)

P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO PROD
PI N PHOTO-PRGO
P I N PHOTO-PROD
P I N PHOTG-PROD
PI-N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I 0 PHTPRD y SOL 1
P IO PHTPRD g SQL 2
PI-N PHOTO-PROD
PI-N PHOTO-PROD
P I-N PHOTO-PROD
FROM NQELLE 78'

A3 N1/2( 1520) INTO GAM Ng HELI CITY=1/2 {GEV++-I/2
A3 07 5 ~ 037 DEVENI SH 73 DP WA

A3 —~ 085 ~ 014 MGGRHGUS 73 D P HA

A3 2 +~037 ~ 012 ROSS I 73 DP WA

A3 2 CONVERTED TO QUR CONVENT IQNS USING M AND W FROM
A3 (0 ) BENEVENT 74 DPWA
A3 —~ 089 019 DE VENI S2 74 DP HIA

A3 077 ~ 005 KNIES 74 DPHA
A3 —~ 066 .010 METCALF 74 0PWA
A3 —~ 08 8 ~ 007 MGGRHOUS .74 DP HA

A3 —~ 067 e 004 CRAWFORD 75 D P WA

A3 056) BARBOUR 76 DP WA

A3 A —~ 055 ~ 014 BARBOUR 78 DPWA
A3 N l- 060} NQELLE 78
A3 N CONVERTED TO GUR CONVENTIONS USING M~1 ~ 528' H~ ~

A3 ~ 0 ~ ~ ~ ~ ~ ~ ~

A3 AVERAGE MEANINGLESS (SCALE FACTOR = 3~ 6)

P I N PHOTO PROD
P I N PHOTO-PROD

0 GAM N TG P I- P
ROSS I73 AND X~ ~ 56

0 GAM N TG P I- tt
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTG-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I-N PHOTO-PROD
P I-N PHOTO-PROD

187 F ROM NOE LLE 78

A4
A4
A4 8
A4 8
A4 2
A4
A4 5
A4 5
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4

N+I/2( 1520) INTO GAM Ny HELICITY=3/2 (GEV4'+-1/2)
—~ 126 ~ 028 DEVENISH 73 DPWA PI N PHOTO PROD

l —~ 087) HE MMI2 73 0 GAM N' TO P IO N

CONVERTED TO QUR CONVENTIONS USING M AND W FROM WALKER69 AND X= ~ 56
—~ 016 016 ~ 018 ROSS I 73 DPWA 0 GAM N TQ P I- P
—~ 124 ~ 013 MQORHOUS 73 DP WA P I N PHOTO-PROD(- 035) BENEVENT 74 DPWA 0 GAM N TO PI- P

CQNVE RTE 0 TO QUR CGNVE NTIONS USI NG M=-1520 MEV y W=120 MEV g X= ~ 56
15 5 ~ 019 DEVENI S2 74 0PNA P I N PHQTG-PROD
120 ~ 010 KNIES 74 DPHA P I N PHOTO PROD

—~ 118 ~ 013 ME TCALF 74 DPWA P I N PHOTO-PROD
—~ 119 ~ 025 MOOR HOU S 74 D P WA P I N PHOTO-PROD

~ 133 ~ 003 CRAWFORD 75 DPHA PI N PHOTO-PROD
(- ~ 136) BARBOUR 76 DPHA PI N PHOTO-PROD

A - ~ 141 ~015 ' BARBOUR 78 DPHA P I-N PHOTO-PROD
N (- 127) NOELLE 78 P I-N PHOTO-PROD
N CCNV E RT ED TO QUR CONVENTIONS USING M=1 o 528 y W=~ 187 F ROM NGE LLE 78 ~

~ 0 ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS ( SCALE FACTOR = 2 ~ 91

REFCRENCES FOR 8+1/2( 1520}

SEE A PREVIOUS EDITI GN ( RMP 37' 633' 1965) FOR EARLIER REFERENCES ~

BRANDSEN 65 PR 139 81566
ROPER 65 PR 138 B190
THURNAUE 65 PRL 14 985

+ODGNNE LLg MQGRHGUSE
LD ROPER g RM WRIGHT' BT F ELD
P G THURNAUER

( DURHAM' RHEL ) IJP
( LRL-LVMR, MIT) I JP

(RGCH)

KIRZ 66 PRIVAT E COMM J K IRZ ( LRL)
NUMBER EXTRACTED FROM DATA DISCUSSED IN KIRZ 63 ~ Z 63 ~

NAMYSLQW 66 PR 157 1328 NAMYSLOWSKI gRAZMI p RGB'ERTS (STAN' EGIN' LCIC )
cLsscN 6e pR 145 1309 M G QLSSONg G 8 YODH {WI SC y UMD )

2/74
2174
2/73
4/75
2/74
2/74
2/74
1/76
1 /78
1/76
2/77

12/794
12/794'

1 /78
3/79+
I/804
1/ 8OII

2/74
2/73
4/75
2/74
2 /74
2/74
1/76
1/78
1/76
2/77

12/794'
12/79+

I /78
3/79+
1/804
1/80+

2/74
2/73
4/75
4/75
4/75
4/75
2/74
2174
2174
1/76
1/76
3/79+
1/804
1 /804'

2 174
4175
4/75
4/75
2/73
4/75
4/75
4/75
2/74
2/74
2 /74
1/76
1/76
3/79+
I /804
1 /80't'

R9
R9
R9
R9

Rlo
Rl 0
R10
R10

Rll
Rl 1
R 1 1
Rl 1

L
8
8

8
8

L
8
8

N+I/2(1520) FROM PI N TQ N+3/2(1232) PI gS-WAVE SQRT (Pl+P14)
(+ 27 )OR + 24 LQNGACRE 75 IPHA P I N TO 2PI N

(+.26) LONG ACRE 77 IPWA P I N TG 2P I N

LQNGACRE 77 CONS IDER THIS COUPLING TO BE HELL DETERMINED ~

N+1/2( 1520) FROM PI N TQ N+3/2(1232) PI gD-HAVE SQRT (Pl+P15
(+ ~ 24 )OR + ~ 30 LGNGACRE 75 IPHA P I N TG 2PI N

l+. 21) LGNGACRE 77 IPWA P I N TO 2P I N

LGNGACRE 77 CONSIDER THIS COUPLING TO BE NELL DETERMINED ~

N&l/2( 1520) FROM PI N TQ N RHODE S=3/2g S-HAVE 5 QRT ( Pl & Pl 6 )
(+ ~ 32 )OR + ~ 24 LDNGACRE 75 IPHA PI N TQ 2PI N

(+ ~ 35 } LONGACRE 77 I PWA PI N TQ 2PI N

LQNGACRE 77 CONSIDER THIS CQUPLI NG TO BE WELL DETERMINED ~

ll/75
11/75
11/77

11/75
11/75
11/77

11 /75
11 /75
11/77

OAVI ES 67 NC 52A 1112
ROBERTS 67 PREPRINT
RGSENFEL 67 I RVI NE CONF

BAREYRE 68 PR 165 1731
DQNN ACHl 68 PL 26B 161

ALSO 68 VIENNA 139
ALSO 68 THESIS

MORGAN 68 P R 166 1731

BQTK E 69 P R 180 1417
DEANS 69 PR 185 1797

AY ED 70 K IEV CONF
CARRERAS 70 NP 16B 35
DAVIES 70 NP B21 359
DI EM 70 K IEV CONF o

ALMEHED 72 NP B40 157

A T DA VIES y R G MOORHQUSE (GLASGOW' RHEL)
R G ROBERTS ( DURHAM)
A H ROSENF ELD y P SOD I NG (LRL)

P BAREYRE g C BRI C MANy G V ILL ET ( S ACLAY ) I JP
A DGNNACHIE g R G KIRSOPPg C LOVELACE (CERN) I JP
DGNNACHIE RAPPORTEUR S TALK (GLAS)
R G KIRSOPP (EDIN)
D MORGAN (RHEL)

J C BOTKE
S DEANS' J HQGTEN

(UCSB)
(UN IV S

FLORIDA�)

R AYEDwP BAREYRE y G VI LLET (SACL) I JP
B CARRERAS y A DGNNAC HIE ( DAR Eg MCHS )
A DA VIE S (GLAS)
+ S MAD JA y CHAVANONg DEL ER p DOL BEAU+ ( SAC L )
+ LOVE LAC E (LUNDv RUTG) I JP
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Particle Data Group: Review of particle properties

Baryons
N(1520), N(1535)

Data Card Listings
For notation, see key at front of Listings.

DE VENI SH 73
HEMM 11 73
HEMMI2 73
LEMQ IGNE 73
MOORHQUS 73
ROSS I 73

ALSO 71

BENEYENT 74
DEVENIS H 74
DE VENI S2 74
KNIES 74
ME TCALF 74
MOORHOUS 74

CRA WFQRD 75
FELTESSE 75
KRI VETS 75

ALSO 74
LONG ACR E 75

ALSO 78

PL 478 53
PL 438 79
NP 855 333
PURDUE CONF' 93
PL 438 44
NC 13A 59
LNC 2 1183

NC 19A 529
NP 881 330
PL 52B 227
P RD 9 2680
NP 876 253
PRD 9 1

NP 897 125
NP 893 242
SJNP 20 430
SJNP 19 112
PL 558 415
PRD 17 1795

DEVENISHt RANKINt LYTH (LOUC+BONN+L ANC }I JP
HEMMI t INAGAKI+ ( KYOTQ+S AGA+KE K+I GKY }IJ P
+INAGAKIt KIKUCHIt MAK It MIYAKE+ (KYQTOt TOKYO) I JP
+GRANETt MARTYtAYED tBAREYRE 5 BORGEAUDt+( SACL) I JP
MOO RHQUS E t OB ERLAC K ( GLAS+ LBL j I JP
+PI AZZAtSUSINNOt+ (RCMAt FRASt NAPLt PAVIA) IJP
CARBONARA 5 FIGRE, + ( HAPL t FRA St PA VIA 3 RCMA) I JP

BENEVENTANGtDANGELOtNOTARISTEFANIt+ (RCMA) IJP
DEV EN IS Ht FROGGATT 5 MA RTI N( DE SY ~ NGRDI TA ~ LQUC )
DEVENISHtLYTHtRANKIN (DESYt LANCt, BONN ) I JP
KNIE StMOQRHQUSEt QBERLACK ( LBL5 Gl AS }IJP
W J METCAL Ft R L WALK ER (CIT) I JP
MOORHOUSE3 QBERLACKt ROSENFELD {GLAS+LBL ) IJP

R L CRAWFORD (GLAS) I JP
+AYED 5 BAREYRE5 BORGEAUOt DAVI Dt E RNWEIN+ (S ACL) IJP
+M IROSHNICHENKOt NIKI FORGV 5 SAN IN+ ( K IE V) I JP
KRI VETSt NI KIFORQV ~ SANINtSHALATSKI I (K IEV ) I JP
+ROSENFELD LASINSKI SHAD JA+ (LBLtSLAC) I JP
LONGACRE ~ LAS INSKIt ROSENFELD+ (LBL SLAG )

8 N+1/2( 1520) BRANCHING RATI OS (PROD EXP. )

Rl
Rl
Rl

M+I/2(1520) INTO (N Pj)/TOTAL (Pl)
N2I'(1520) INTO {N PI)/TOTAL PRODUCTION EXPERIMENTS

0 ' 78 0 24 SASSOMPIE 67 HBC + K+P TQ Ko N3t 11/68

R2 Ntj1/2 (1520} INTO {NEUTRON Pj+)/(P PI+ PI-) ( P4) /(P5)
R2 05 77 0 ~ 45 ALEXANDER 67 HBC + PP 5 ~ 5 BEV/C 9/66

R6
R6

N@1/2 (1520) I NTO (N2{'3/2 (1232) PI ) /(N P I P I ] (P2)/(P3)
0~00 0 09 A-BORELLI 67 HBC

N+ I/2( 1520) INTO {N PI Pj }/TOTAL (P3)
(0 08) OR LESS BASSQMPI E 67 HBC + K+P TO K+ N+

N+ I/2( 1520) INTO (N ETA ) /TOTAL ( P6)
Oi22 0 ~ 14 BASSGMPI E 67 HSC + K+P TQ K+ N+

9/66

11/68

11/68

R3 N+ I/2 (1520) I NTO (N PI)/ (N PI PI } (P1) l(P3)
R3 1 ?5 0 ~ 44 0 ~ 71 A-BQRELLI 67 HBC 0 P BAR P 5 7 BEV/C 9/66

AYEO 76 CEA-N-1921
BARBOUR 76 NP 8111 358
FELLER 76 NP 8104 219

AZNAURYA 77 EF I-264( 57)-77
SERENDS 77 NP 8136 317
LONG ACRE 77 NP 8 12 2 493

ALSO 76 NP B108 365

AYED (THES IS ) {SACL) I JP
I ~ H ~ BARBGURt Re L ~ CRAWFORD ( GLAS ) I JP
+F UKUSHIHA 5HQRI KAWAt KA J IKA WA+( NAGQYA+OSAKA) I JP

+AKOPGYtBAGDASARYAN {YEREVAN PHYSICS INST ~ ) I JP
F A BERENDS. A ~ DONNACHIE ( LEID ~ MCHS) I JP
LONGACREtDOLSEAU (SACL ) I JP
DOLBEA U ~ TRI ANTI S ~ NEVEU 5 CADI ET (SACL) I JP

R7
R7

N&j/2 (1520) INTO {P I N) /(PI @+3/2(1232) )
{0~ 42 ) OR LESS LEE 67 HBC

(Pj) /(P2)
P I-P 3 ~ 6 GEV/C 11/67

REFERENCES FOR Ntt'I/2 ( 15 20 I ( PROD a EXP ~ )

RS N3t I/2{ 1520) INTO (N PIP I (J I=O) }/TOTAL (P7}
RS HAIN DECAY HODE MORSE 71 HBC + PI-P 7525 GEVIC 11/77

BARBOUR 78
NQELLE 78
BAKER 79
CUTKGSKY 79
HO EHL ER 79

NP 8 141 253 BARBOUR t CRAWFORD t PAR SQN S (GLAS )
PTP 60 778 PE NQELLE ( NAGO)
NP Bl 56 93 +BROWN 5 CLARKt OAV I ES ~ OE PAGT ERt EVANS+ ( R I-.EL ) I JP
PRO 20 2839 +F GRSYTH t HENDR I C K 3 KELLY (CARN+LBL }I JP
HANDBQCK OF PI-N S CATT ER INGt PHYSIK OATEN VQL ~ 12-1

+KAISERtKOCHtPIETARINEN . /KARLSRUHE IJP

A-BGRELL 67 NC 47 232
AL EXANDE 67 PR 154 1284
SASSGMP I 67 PL 258 440
LEE 67 PR 159 1156

ANDERSON 70 PRL 25 699

ALLES-BORELL It FRENCH FRISK HICHEJDA (CERN)
ALEXANDERt BENARYt CZAPEK 5+ (WE IZMANN{ CERN) )
BASSOMP IERRE t + (CE RNt BRUXELLES)
+MOEBStROEtSINCLAIRt VANDER VELDE (MICH)

+BLESERt BLI EDENt COLL INS++ ( BNI, CARN)

KIRZ
BARE YRE
CROUCH
DERADO
HER LQ

THE
JOHNSON
DEANS
DCNNACH
WALK ER
AYED

63
65
65'
65
66

A BOY
67
69

I 69
69
70

PR 130 2481
PL 18 342
D ES Y CONF I I 21
ATHE NS CONF 244
P ROY SOC 289 489
E PAPERS DISCUSS I
UCRL-1 7683 THE S IS
P RL 177 2623
NP 1 08 433
P R 182 1729
PL 318 598

PAPERS NOT REFERRED TQ IN DATA CARDS

J KIRZ 5 J SCHWARTZt R D TRIPP ( LRL)
+ BRICMANt STIRLINGt V ILLET ( SACLAY ) I JP
+ {BROWN tCEAt HARVARD t MITt PADQVA 5 WE IZ MANN)
+KENNEYtLAMSAt + (NOTRE' DAHEt KENTUCKY)
J P HERLOt G YALLADAS (SACLAY)
NEL A ST IC CHANNELS NEAR THE RE 0 NANCE
C H JOHNSON
S R DEANS
A OQNNACHI E 5 R K I RSOPP
R L WA LKER
+BAREY RE+Y ILLET

(LRL )
(UNIV 5 FLORIDA)

( GLAS+E DIN }
(CIT) I JP

( SAC LA Y)

AMAL 0 I
ELLI S
MORS E

71 PL 348 435
7 1 PRL 27 442
71 PR D4 133

COOP ER 74 NP B79 259

BRAUN1
HU SGRA VE
STRACHMA

ALSO
WEBB

ALSO

75 NP 895 481
75 NP 887 365
75 NP 898 120
76 NP 8107 330
75 PL 558 331
75 PL 558 336

ED EL STE I 72 PR D 5 1073
JGHNSTAD 72 NP 842 588
QH 72 PL 428 49'7

COOP ERt SEIDLt VANDERYELDE {MICH )

+GERBERtMAURERtMICHALON5 SCHIBY+ ( STRS tLPNP) I
+PEETERSt SCREINERt WHITMOREt YUTA ( ANL)
STRACHMANt SRAUNt GERBERt HAURER+ (LPNP+STRB) I
STRACHMAN {LPNP) I
+TRILLINGt TELEGDI+ (AACH+UCLA+UCR+CERN)
+TRILLING 5 TE LEGDI+ ( AAC H+UCLA+UCR+

CERN�}

+BIANCASTELL ItBOSIQt+ {I SANI TA RQHA+CERN)
+MAGLI CHt. NOREH t S ANN ES t S ILV ER MAN (RUTG )
+OH t WALKER tCARROLL t LYNCH + ( W I SC+T NTQ) I J

EDEL STEI N tCARRIGANt HI EN t MCMAHONt +( CARN+BNL )
+MOLLE RUD+ ~ + JACOBSEN( BOHR tHE LS tOSLQt STOH) I JP
+FUNGt KERNAN tPOEtSCHALKtSHEN (UCR) IJP

1520 MEV REGION —PRODUCTION EXPEH&MFNTS

8 N&1/2( 15205 JP= ) I=1/2 PRODUCT ION EX PER IHENTS

RGUG E
FERRER

77 PL 698 115
78 NP 8142 77

+DE RGSNYt FLEURYt RIVET+ (LPNP+CDEF+LALO}
+BOUQUETt D ~ ALMAGNE+ ( LALG+CERN+CDEF+E POL) I t JP

PAPERS NOT REFERRED TO IN DATA CARDS

SEE THE MINI-REVIEW PRECEDING THE N AND DELTA LISTINGS
FOR A DISCUSS ION OF PRODUCT ION EXPERIMENTS

8 Nw I/2( 1520) MASS (HEV) (PROD ~ EXP ~ )

RU SH BRQO 76
SOTIRIGU 7e
BI EL 78

AL SO 76
CHADWICK 78
GOGG I 2 78
GGGG I

PRD 13 1835
NP 8 107 457
PRD 18 3 079
PRL 36 5045 507
P RD 17 1713
NP 8 143 .365
NP 816 1 14

RUSH BROOKE t RA JAt ANSQRGE 5 CARTER tNEALE ( CAV E ) I JP
D. SGTIRIOU (CERN)IJP
+FERBELt SLATTERY+ {ROC H+NW ES+FNA{.+ S LAC )
BI FL 5 BLESERtFERBEL+ (ROCH+FNAL+SLAC+NWES)
+CARRGLLtCHALGUPKAt BALLAH+ {SLAC+C(T+LBL) I JP
+CA YALLI-SFGRZAt CONT A+ {CERN+PAVI )
+CQNTA 5 FRATERNAL I t LI VAN+ ( C E RN+PA VI+ ERST )

M

M

M

M

M

M

M

M 1
. M 1

M

M

M

M

M

M A

M A

M 8
M 8
M C

M

W

W

W

W

W

W

W

W

W

W

W A

W 8
W C

Pl
P2
P3
P4
P5
P6
P7
PS

1507 0 6 0
1 5035 6 ~

1 500 ~ 0 10 ~ 0
1512~ 0 2 0
1460 TQ 1510~

(1510~ 0) {20 ~ 0)
15015 0 5 ~ 7

( 1500. )
DETERMiNE J~3/Zt D13

15 15 11
(1490' )
1510~ 7 ~

{1500~ )
1500 ~ 8 ~

1515~ 5 ~

BACKW ARD P RQDUCT ION
1K 1515+ 6 ~

BACK W ARD P RO DUCT ION
202 1518~, 10N

BACKWARD PRODUCT ION ~

A-BGRELL I 67
ANDERSON 70
AMALDI 71
ELLIS 71
MORSE 71
NORSE 71
EDELSTE I N 72
OH 72

PROBABLE
COOPER 74
BRAUNl 75
MU SG RAV E 75
STRACHMA 75
WEBB 75
ROUGE 77

P I- P --& (P PI-) P IO
F ERR ER 78

P I- P --& (P PI-) P I+
F ERR ER 78

PI- P — & (P PI+ PI-}

HBC 0
HHS
SAS
CNTR
HBC +0
HBC +
MMS +
DBC 0

HBC 0
HBC
HBC

BC
ISR +
QMEG 0

QMEG 0
PI-
OMEG +
PI—

P BAR P 55 7 GEV
P I- P TO P I- MMS
P P AT 24 GEV
MMS PP 3 ~ 7 GE V/C
P I-Pt 7 GEV/C
P I-Pt 25 G EV/C
PP 6 TO 30 GEV
P I-N TO PI-PI-P

D P CEX
P BAR P 5 7 GEV
K+ P TO K PI N

NBAR {N PI )
P P TO P N+
PI-P 9t 12 GEV/C

10/71
2/71

10/71
10/71
ll/77
11/77

1/73
2/73
2/73
4/75

1 1 /75
11/75
1/76
1/76
1/78

PI-P 95 12 GEV/C 3/79+

P I-P 9t 12 GEV/C 3/792t'

8 N+ I/2{ 1520 ) WIDTH (MEY ) (PROD EXP )

55 ~ 0
-1 20~
118~ 0

88 ~ 0
805 TO

(100' 0)
14050
106

(200 ~ }
101~

150.
105.

1K 105~

202 112 ~

SEE THE NOTES

15 oO
10~

20 ' 0
2 ~ 0

120 '
(30~ 0
43 ~ 0
39

26 ~

50 ~

17
10
15 ~

ACCOMPANY

330

I NG

A-BORELL I 67
ANDERSON 70
AMALDI 71
ELLIS 71
HORS E 71
HORSE 71
ED EL ST E IN 72
COOP E R 74
BRAUN1 75
HU SG RA VE 75
WEBB 75
ROUG E 77
FERRER 78
F ERR ER 78

THE MASSES QUOTE

HBC 0
MHS
SAS
CNTR
HBC +
HBC +
MMS +
HBC 0
HBC
HBC
I SR +
0MEG 0
GHEG 0
OHEG +

D A BOVE

P BAR P 5 ~ 7 GEV
PI — P TO P I- MMS
P P AT 24 GEV
HMS PP 3 ' 7 GEV/C
P I-Pt 7 GEV/C
P I-P t 25 G EV/C
PP 6 TO 30 GEV
0 P CEX
P BAR P 5 ~ 7 GEV
K+ P TQ K PI N

P P TQ P M'
Pj-P 9t 12 GEV/C
P I-P 95 12 GEVI C
P I-P 9t 12 GEV/C

10/71
2/7 1

10/71
10/7).
11/77
ll/77

1/73
4/75

11/75
11/75

1 /76
1/78
3/79*
3/79+

N& 1/ 2 ( 1520) I NTQ P I N

N& I/2(1520) INTO N+3/2( 1232) PI
N3I'I/2 (1520) INTO N PI P I
N& I/2( 1520) + I NTO NEUTRON PI+
N+ I/2 (1520) + INTO PROTON PI+ P I-
N+I/2 (1520) INTO N ETA
N& I/2( 15203 INTO N PI Pj (J, I =0)
N&j/2 (1520) INTO N RHG

DECAY MA SSES
139+ 938

1232+ 139
93 8+ 139+ 139
939+ 139
938+ 139+ 139
939+ 548
939+ 139+ 139
93 8+ 776

8 N'I21/2( 1520 ) PART I AL DECAY MODES ( PROD E XP ~ )

63 N2I'1/2( 1535 ) MASS (MEV)

M

H

M N

M N

M 1
M 1
M 3
M

M 6
M 6
H 4
M 7
M 2
M 2
H 2
M

H L
M L
M

M

M

M

M 8
M 8
M 8
M E
M E
M

M

M

M AV

(1519 0) HENDRY 65 RVUE E TA N + Sl 1 PI N

{1570 0) MICHAEL 66 RVUE F ITS SAREYRE Sjl
( 1557 ~ 0) OR 1565 0 UCHI YAMA- 66 RVUE FITS N ETA DATA

F ITTING GIVES TWG SQLUT IGNS ~ PROBLEMS HATCHING PI P PHA SF. SHIF T
(1535 0) BAREYRE 68 RYUE PHASE-SHIFT ANAL

WHERE CROSS SECTION IS GREATEST — EYEBALL FIT
(1591 ~ 0) DONNACH1 68 RVUE P HASE-SHIF T ANA L
{1535~ 0) ( 10 0) DE LCGURT 69 CNTR P HGTOPRQDU CT
(1534 ~ 0) AYED 70 I P WA

FRGH ENER DEP e F I T OF ARGAND DIAGRAH
(1502 ~ 0} DA VIES 70 RVUE P-S ANAl SOI A

(1500 ~ ALHEHED 72 IP WA

{1551 ) HICKS 73 MPWA GAM P-ETA P
ONLY STATES FROM TABLE VI I GF HICK S73 ARE INCLUDED IN LI STINGS ~

M AND W ARE FROM SOLUTION C2 BR SQRT(G)/W WITH G FROM TABLE VII
1 507 TO 1530~ CRAWFORD 75 DPWA PI N PHOTO-PROD
1520 OR 1510~ LONGACRE 75 IPWA PI N TO 2PI N

THE 2 SE TS OF PA RAHE TE'RS A RE FROM METHODS 1 AND 2 OF L GNGACR E 75
(1519~ ) AYED

' 76 IP WA

(1501 ' ) BARBOUR 76 DPWA PI N PHOTO-PROD
( 1500~ ) BERENDS 77 IPWA Pj-N PHOTO-PROD

1 547 ~ 6 BHANDARI 77 DPWA 0 USES ETA N CUSP
(1"20. ) LONGACRE 77 IPWA P I N TQ 2P I N

ALL LQNGACRE77 PARAMETERS ARE FROH SOLUTION S?t EXCEPT FOR THE POLE
POSI TION WHICH I S FROM SGLUT IONS S 1 AN D- Cl

(151.1 ) BARBOUR 78 DP WA P I-N PHOTO-PROD
SUPERSEDES BARBOUR 76 '

1540 20 ~ CUTKGSKY 79 I PWA

1 526 7. HQEHLE R 79 1 P WA

4 ~ ~ ~ ~ ~ ~ ~

ERAGE MEANINGLESS (SCALE FACTOR = jee)

PI N TO PI N

P I N TO PI N

63 N+ I/2( 1535 ) WIDTH (HEY)

W (130' 0)
W (130' 0)
W N ( 156~ 0) QR 144~0
W 1 (155.0)
W 3 ~ {268. 0) APPROX
W ( 120~ 0)

HE NDRY 65
MICHAEL 66
UCHI YAMA- e6
BAREYRE 68
DO NNACH1 68
DE LCOURT 69

RVUE
RVUE
RVUE
R VUE
RYUE
CNTR

.S EE NGT E ON MASS

PHOTQPROOUCT

N (1535) 53 N+1/2(1535& JP 1/2-) 11/2
THE EXISTENCE OF . THIS RESONANCE I S WELL ESTABLI SHED ~

IT IS STRONGLY COUPLED TG THE ETA NEUTRON CHANNEL t
WITH A BRANCHING RATIO OF 0 70 (BHANDARI 77 AND
R ~ 8 HANGAR It PRIV ~ COMM ~ 5 1979} 5

9/66
7/66
9/66

11/67

6/68
8/69
1/71

8/69
2/72
9/73
9/73
9/73
1/76

11 /75
11/75
11/77

1/76
1/78
1/78

11/77
11/77
11/77
3/79+
3/79+

12/794'
12/794

9/66
7/66
9/66

11/67
6/68
8/69

Rev. Mod. Phys. , Vol. 52, No. 2, Part II, April 'I980



Particle Data Group: Review of particle properties S195

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(~535)

6
4
7

2

L

8
E

(96 0)
(36 0)
(50 ' )

(134 )
114 TO 167 ~

75 ~ OR 100 ~

t 75 ~ )
{128. )
{57.)
139 33 ~

(135 ' )
( 132 ~ )
(180~ )

270» 50 ~

120 20,
« ~ ~ » ~ ~ » ~ ~

AVERAGE MEANINGLESS ( SCALE FACTOR
S EE THE NOT ES ACCOMPANY ING THE

AY ED
DA VI ES
ALHEHED
HICKS
CRAWFORD
LGNGACRE
AYED
BARBOUR
BERE NDS
BHANDARI
LQNGAGRE
BARBOUR
BAKER
CUTKOSKY
HQEHLER

70 IP WA

70 RVUE
72 IP WA

73 MPWA
75 DPHA
75 IP WA

76 I PWA
76 DP WA

77 IPWA
77 DP WA

77 IP HA

78 DPWA
79 DP WA

79 I PHA
79 I PWA

2 ~ 0)
HA SSCS QUOTED

P-S ANAL SOL A

G AH P-ET A P
PI N PHOTO-PROD
PI N TO 2PI N

P I R PHOTO-PROD
P I-N PHOTO-PROD

0 USES ETA N CUSP
P I N TD 2PI N

P I-N PHOT Q-PROD
0 P I- P TG ETA N

PI N TO PI R
P I N TO PI N

1/71
S/69
2/72
9/73
1/76

11/75
11/77

1/76
1/78
1/78

11/77
3/79+

12/79 Ic

12/794'
12/794

R9
R9 C
R9 C

N+I/2( 1535) FROM PI N TO K LAMBDA SQRT (Pl+P9)
-«691 «214 DEVENISH 74 0 FIXED T Dl SP REL

EXTRAPOLATION OF PARAHETRI ZED AMPLITUDE BELOH THRESHOLD

63 N+I/2( 1535) PHOTON DECAY AMPL{GEV++-1/2)

R10 M'1/2( 1535) FROM PI N TQ N3/2(1232) PI SQR T ( P I »f'P 5 )
R10 L ( 0 ~ 0) OR — 06 LONGACRE '75 IPWA P I N TG 2P I N

R10 8 { 00) LOiNGACRE 77 I P WA P I N TO 2PI N

Rll N+I/2(1535) FROM PI N TQ N RHG ~ 5= 1/2r S-WAVE SQR T (Plif' Pl 01
Rll L (+ ~ 12)QR + ~ 09 LQNGACRE 75 IPWA P I N TO 2PI N

Rll 8 (+.10) LGNGACRE 7T I PHA PI N TG 2PI N

Rl? N&l/2(1535) FROM PI N TQ N EPSILON ., SQRT (Pl+P4)
R12 L ( ~ 1) OR — 09 LQNGACRE 75 IPWA PI N TO ?PI N

R12 8 (- 08) LONG ACRE 77 IP HA P I N TG 2P 1 N

4/75
4/75
4/75

11/75
11/75
11/77

11/75
).1/75
11/77

1.1/75
11/75
11/T7

63 8+1/2(1535) REAL PART GF POLE POSITION (HEV ) 11/75
FOR DEF INI TIGN OF GAHHA-NUCLEON DECAY AMPLITUDESr SEE HI NI-

REVIEW PRECEDING THE BARYON LISTINGS ~

RE
RE
RE
RE

IH
IM
IM
IH

RER
RER

(1496 )
1519~ 4 ~

1525. OR 1527.
(1465. )

LONGACRE
BHANDARI
LONGACRE
CUTKOSKY

75 IPWA P I N TO 2PI N

77 DPWA 0 USES ETA N CUSP
77 I PHA PI N TO 2PI N

79 IPHA PI N TQ Pl N

63 N+1/2(1535) -2+IMAG PART OF POLE POSITION ( MEV)

C 103. )
140 ~ 32 ~

135~ OR 123.
C256 ~ )

LGNGAC RE
BHAN OAR I
LGNGACRE
CUTKGSKY

75 IPWA PI N TQ 2PI N

77 DPWA 0 USES ETA N CUSP
77 IPWA PI R TQ 2PI N

79 IPHA P I N TO PI, N

20.
(48 ' )

2 1 ~ BHANDARI
CUTKOSKY

77 DPWA 0 USES ETA N CUSP
79 I PWA PI N TO PI N

63 N+ 1/2t 1535) REAL PART OF ELASTIC POLE RESIDUE tMEV)

ll/75
1/78

11/77
12/794'

11/75

ll/75
1/78

11/77
12 /794

1/78
12/79+

Al N+1/2( 1535) INTO GAH Pr
Al ~ 042 ~ 0 23
Al t ~ 015)
Al + ~ 05 3 ~ 020
Al ~ 078 ~ 020
Al 056 «020

'Al + ~ 063 «0 13
Al 03 6 ~ 002
Al + 082 ~ 007
Al (+ 06 2)
Al (+ ~ 06 3)
Al + 070 ~ 004
Al +.046 .007
Al + 101 012
Al (+.034)
Al E + 082, 019
Al N ( ~ 046)
Al N CONVERTED TO OUR CONVE
Al ~ ~ « ~ ~ ~ ~ ~ ~

Al A VERAGE MEANINGLESS (SCALE

HE L IC I TY= 1/2 ( GEV++- I/ 2 l
DEVENISH 73 DP WA

HEHMI 1 73 +
HOOR HOUS 73 DP WA

DEVENIS2 74 DPWA
KNI E S 74 DPWA
METC AL F 74 DP HA

MOQRHOU S 74 0 P WA

CRAWFORD 75 DP WA

KRIVETS 75 DPHA
BA RBOUR 76 DP WA

F ELL ER 76 DP WA

AZNAURYAN 77 DPHA
AZNAURYAN 77 DPWA
SERENOS 77 IPHA
BARBOUR 78 DPNA
NO ELLE 78

NTIONS USING H=l»548 ' W=«073

FACTOR ~ 4 7)

P I N PHOTO PROD
F WD PIO PHTOPROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO PRQD
P I R PHOTO-PROD
P I N PHOTO-PROD
PI N PHOTO-PROD
P I-N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P IO PHTPRDr SOL 1
PIO PHTPRDrSOL ?
P I-N PHOTO-PROD
PI-R PHOTO-PROD
P I-N PHOTO-PROD
F RQH NOELL E 78 ~

2/74
2/74
2/73
4/75
2/74
2/74
2/74
1/76
1/78
I/76
2/77

12179~
12 /79if'
1/78
3/79~
1 /804
I/80+

IMR
IMR

Pl
P2
P3
p4
P5
P6
PT
PS
P9
P10

13 ~

{-67 )

Ne I/2 ( 1535 )
N41/2{ 1535)
N41/2 ( 1535 )
N41/2 ( 1535)
N41/2 (1535)
N+I/2 {1535 )
NCl/2( 1535)
N4'1/2 (1535)
N&1/2 ( 1535)
N&I/2 ( 1535)

63 N+I/2(1535) IHAG PART OF ELASTIC POLE RESIDUE (MEV)

BHAN DAR I
CUTKOSKY

77 DPWA 0 USES ETA N CUSP
79 IPWA P I N TG PI N

8 ~

63 I+I/2(1535 ) PART IAL DECAY MODES

DECAY MA SSES
139+ 938
939+ 548
93 8+ 139+ 139
938+ 1300

12 3 2+ 139
93 8+ 776

0+ 938
0+ 939

497+1115
93 8+ 776

ENTO PI N

INTO R ETA
INTO N Pl P I
INTO N EPSILON
INTO N&3/2( 1232) PI
I NTO N RHG
INTO GAM Pr HELIG ITY=1/2
INTO GAM Nr HEL IC ITY= 1/2
INTO K LAMDBA
INTO N RHOr S=l/2 S-WAVE

1/78
12 /79)I'

A2
A2
A2
A2 8
A2 8
A2 9
A2 9
A2
A2
A2
A2
A2
A2
A2 E
42 N

AZ N

AZ

A2 AV

'N&l/2 t 1535) INTO GAH Nr HEL IC ITY=1/2 t GE V++- I/2)- ~ 02 6 ~ 029 DEVENISH 73 DPWA PI N PHOTO PROD
—~ 048 021 MGORHGUS 73 DPWA P I N PHOTO-PROD
—~ 03 1 ~ 024 ROSS I 73 DPWA 0 GAiN N TO PI- P

CONVERTED TO OUR CONVENTIONS USING M AND W FROH ROSS 173 AND X= 36(- ~ 078) BENE VENT 74 DP WA 0 GAM N TO Pl- P
CCNVERTED TQ GUR CONVENTIONS USING M=1520 MEV r W=BO MEVr X= ~ 36- ~ 037 023 DEVENIS2 74 DPWA PI N PHOTO-PROD

—~ 052 «005 KNIES 74 DPWA Pl N PHOTO PROD
—~ 051 021 METCALF 74 DPHA P I N PHOTO-PROD
—~ 02 7 ~ 009 MOORHOUS 74 DPWA PI N PHOTO-PROD
—~ 088 ~ 0ll CRAWFORD 75 DPHA P I N PHOTO-PROD

109) BARBOUR 76 DPWA PI N PHOTO-PROD- ~ 112 ~ 034 BARBOUR 78 DPHA P I-N PHOTO-PROD
(- ~ 048) NOELLE 78 P I-N PHOTO-PROD

CONVERTED TO QUR CONVENTIONS USING M=1 ~ 548r H= ~ 073 FROM NGELLE 78 ~

~ ~ ~ ~ ~ ~ ~ « ~

ERAGE MEANINGLESS ( SCALE FACTOR = 1 7)

REFERENCES FOR N+1/2 ( 1535)

2/74
2/73
4/75
4/75
4/75
4/7 5
4/75
2/74
2/74
2/74
1/76
1 176
3/79+
I/80~
I/80~

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

N+1/2 {1535 ) INTO
{0' 69)
(0 ' 32)

N {0 71) OR
(0 ' 31) OR

3 {0 696)
(0 ' 33)

6 {0 397)
4 (0 ~ 36)
7 (0 ~ 25)

( 34)
~ 297
45

»38
~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS

(PI N)/TOTAL

0 28
0.43

~ 026
»06
F 04

HE NDRY
MICHAEL
UCHIYAHA-
DA VI ES
DGNN AC H 1
DELCOURT
AYED
DAV I ES
ALHEHED
AY ED
BHANDARI
CUTKQSKY
HOEHLFR

~ ~

(S CAL E FACTOR & 1.9 )

65 RVUE
66 RVUE
66 RVUE
67 RVUE
68 RVUE
69 CNTR
70 IP WA

70 RV UE
72 I PHA
76 IP WA

77 DPWA
79 IP WA

79 I PWA

63 N»f'1/2(1535) BRANCHING RATIOS

(P1 l

S EE NOTE GN MASS
P IP TO N ETAr Br C

P-S ANAL SQL A

0 USES ETA N CUSP
PI N TO PI N

Pl N TD PI N

9/66
9/66
9/66

11/67
6/68
8/69
1/7 1
8/69
2/72

11/7T
1/78

12/794'
12/79+

HENDRY 65
REV IEWS
EXPERIME

MICHAEL 66
UCHIYAMA 66
OA VI ES 67

BARE YRE 68
DQNN ACH1 68

ALSO 68
ALSO 68

DE ANS 69
DE LC GURT 69

PR 165 1731
PL 26B 161
VIENNA 139
THESIS
PR 185 1797
PL 29B 75

P BAREYREr C BRICMANr G V ILLET ( SACLAY) I JP
4 DONNAGHIEr R G KIRSOPPr C LOVE{.ACE (CERN) IJP
DONNACHIE RAPPORTEUR S TALK ( GLAS)
R G KI RSOPP (EDIN )
S DEAN Sr J WQOTEN (UNIV S FLORIDA)
DELCOURTr LEFRANCOISr P EREZ-Y-JORSAr + (QRSA)

AYED 70 KIEV CONF
CARR ERA S 70 NP 168 35
DAY I ES- 70 RP 821 359
DIEM 70 K IEV CONF

R AYEDr P BAREYREr G VILLET ( SAGL ) I JP
8 CARRERAS r 4 DGNNACHI E (DAREr HCHS)
A DA V1ES t GLAS)
+ SMADJAr CHAVANONr DEL ERr DOLBEAU+ {SACL)

PL 18 171 A H HENDRYr R G MOORHGUSE ( RI-EL )
EARI Y PHAS E-SHEFT-ANALYSI S RESULTS AND PI — P TG ETA N

RTS WE TAKE NUHSERS FROM THE SOLUTION USING BRANDSEN 65,
PL 21 93 C Ml CH AEL (GXF )
P R 149 1220 F UCHIYAMA-CAHPBELLr R K LOGAN ( ILL) I JP
NC 52A 1112 A T DAVIES R G MGQRHOUSE ( GLASGOW RHEL )

R2
R2
R2
RZ
R2
R2
R2
RZ
R2
R2
RZ
R2
R2

R3
R3
R3

R4
R4
R4

SO. ) (P2)
RVUE
RVUE
iRV UE
RVUE
HP WA

HPHA
MPWA T POLE+ RE SON ~

DOUBLE COUNTING
I BL E WITH THE RESULTS

SEE NOTE GN HASS
PIP TO N ETAr Br C
T POLE+ RE SON»

BY BHARDARI 77 IS

9/66
9/66
9/66

11/67
5/70
8/69
5/70

12/TM
12/79+

N&l/2{ 1535) I NTG t N+3/2 (1232) PI ) /TOTAL
D {0' 07) DIEM
D 4 S SUMI NG R1»r 0 ~ 34

N+1/2{ 1535) INTO (N EPSILON)/TOTAL
0 {0«26) DIEM
D ASSUHING Rl= 0 .34

(P5)
70 IPWA 3 BODY ANALYSIS 1/71

( P4)
70 IPWA 3 BODY ANALYSIS 1/71

N&1/2 (1535 ) INTO ( N ETA )/TOTAL ( SEE R 8 AL
DQHI NANT INEL DECAY HERDRY 65

(0 ~ 68 ) MICHAEL 66
(0 ~ 29 ) QR 0 ~ 71 UCHI YAMA- 66
I 0 ~ 69)" QR 0 45 DAVI ES 67
(0 4) {0 1) DEAN S 69
(0 ' 66) DELCGURT 69
(0 ~ 69) OR 0 ~ 696 CARRERAS 70

PARAMCT R I ZAT IQN US ED COULD 8 E IN DANGER OF
THE VALUES OF RZ LI STED ABOVE ARE INCGHPAT
OF DIEM ET AL» (70 )
THE BRANCHING RATI Q INTO ETA NEUTRCN FOUND
0 ~ 70 (R ~ BHANDAR I r PRIV COMM r 1979) ~

ALHE HED 72
DEAN S 72
DEV EN IS H 73
HEMM11 73
HICKS 73
LE MG I GNE 73
MOORHQUS 73
ROSS I 73

ALSO 71

SENEVENT 74
DEVENISH 74
OEVEN IS 2 74
KNI E S 74
H ETC AL F 74
MGORHOUS 74

NC 19A 529
NP 8 81 330
PL 528 227
PRD 9 2680
NP 876 253
PRO 9 1

CRAWFORD 75
F E LTE SSE 75
KRIVETS 75

ALSO 74
LONG ACRE 75

ALSO 78

NP 897 125
NP 893 242
SJNP 20 430
S JNP 19 112
PL 558 415
PRD 17 1795

NP 840 157
PN 3 217
PL 478 53
PL 438 79
PRO 7 2614
PURDUE CONF ~ 93
PL 438 44
NC 13A 59
LRC 2 1183

+l OVELACE {LUND ~ RUTG) I JP
+JACOBSr LYQNSr HICKS (U S FL TAHPA+CARN)
DE VE NI SHr RANKI Nr LYTH (LOUC+BGNN+LANG) I JP
HEHMI r I NAG AK I+ (KYOTO+SAGA+KEK+TOKY) I JP
+DEANS r JACOBSr LYONS+ (CARN+QRNL+SOUTH FLA ~ ) IJP
+GRANET, MARTY AY CD ~ BAREYRC BORGEAUDr + ( SAGL) I JP
MOORHOU S E GB ER LACK t GLAS+LBL ) IJP
+PIAZZArSUSI NNO + (RGMA FRAS NAPL PAVIA) I JP
CARBQNARA FIORE + t N APL r FRASr PA VIA ~ RGHA ) I JP

SENE VENTANOr DANGELGr NQTARI STEF ANI r+ (RCHA) I JP
DEVENISHr FROGGATTr MARTIN(DESYr NORDITAr LGUC)
DE VENI SHr L YTHr RANKIN (DE SY r LANG r BONN) I JP
KNI ES r MOORHOUS Er OBERL ACK ( LBI r GLA S) I JP
W J HETCAI FrR L HALKER (CIT ) IJP
HOORHOUSEr GBERLACKr RQSENFELD (GLA S+LBL) I JP

R L CRA WFORD ( GLAS) I JP
+AYE Dr BARE YRE r BORG EAUD r DAV I Dr E RNH E IN+ ( SACL ) IJP
+MIRQSHNICHENKOr NIKIFORGVr SARI N+ (KIEV) IJP
KRIVETSr NIKI FOROVr SANINr SHALAT SKI I ( K IE V) I JP
+ROS ENF ELD r LAS I NSK I r SMADJ A+ (LBL r SLAG ) IJP
LONGACRE rl AS INSKI ~ ROSE NFELD+ ( LBL ~ SLAC)

R5
R5
R5

N+1/2{ 1535) INTO (N RHO ) /TOTAL
0 (0 20) DIEM
0 4 SSUHI NG Rl = 0 34

( P6)
70 I PWA 3 BODY ANALYSIS 1/71 AYED 76 CEA-N-1921

BARBOUR 76 NP Bill 358
FELLER 76 NP 8 104 219

AYED {THESIS) (SACL)IJP
I ~ MD BARBGURrR ~ L CRAWFORD t Gt.AS) I JP
+FUKUSHIHA r HQRIKAWAr KAJIKAHA+( NAGQYA+OSAKA) IJP

R6
R6
R6
R6

R7
RT

N+1/2 (1535) IRTQ GAMHA PROTON/TOTAL (P7)
5 «0042 ~ 0014 DEANS 72 HPWA P ETA PHGTGPROD
5 BR= ( DEARS72 RADIAT IVE WIDTH) /( NOHINAL FULL Hl 0TH=100 ME V)
5 THE HICKS73 ENTRY UNDER R7 IS 4 HORE RECENT RESULT BY SAME GROUP

N+1/2 (1535) FROM GAMMA PROTON TQ ETA PROTON SQRT (P 2+P7)
2 {.0366) Hl CKS 73 iMPWA GAM P-ETA P

9173
9/73
9/73
9/73

9/73
9/73

AZ NAURYA 77 EF 1-264 ( 57) -77
BERENDS 77 NP 8 136 317
BHANDARI I7 PRO 15 192
LONGAC RE 77 NP 8 12 2 493

ALSO 76 NP 8108 365

+AKOPOVrBAGDASARYAN (YEREVAN PHYSICS INST ~ ) IJP
F ~ A ~ BERENDSr 4 ~ DONNACHI E (LEIDr MCHS) IJP
R BHANDARIr Y-4 CHAD (CARN) I JP
LONGACREr DGLBEAU ( SAGL ) I.JP
DOLB EA Ur TR IANTI Sr NEVE Ur CADI ET (SACL) I JP

RS
RS
RS
R8
RS

N&1/2 (1535) FROM Pl N INTO ETA N t SEE R2 ALSO ~ ) SQRT {PIMP?) 2/74
(+ ~ 43 ) LEMQIGNE 73 DPWA 1. 488 TO 1685 MEV 2/74
(+ 48) FELTESSE 75 DPWA 0 1488 TO 1745 HE V ll/75

SUPERSEDES LEHGIGNE 73 r USES H AND W GF AYED 76 11/77{+.33) BAKER 79 DPWA 0 P I- P TO ETA N 12/79»f'

BA {{SOUR 78 NP 8 14 1 253
NOEL LE 78 P TP 60 778
BAKER 79 NP 8156 93
CUTKOSK Y 79 P RD 20 2839
HOEHLER 79 HANDBOOK OF P I-N

BARBOUR r CRAWFORD r PAR SONS (GLAS )
P NQELLE ( NAGO)
+BRO WNr CLARK DA V I ES DE PAGT ER, EVANS+ ( R)-Et ) IJP
+F OR SYTH r HENDRI C Kr KELLY . ( CAR N+ LBL) I JP

S CATT ERINGr PHYSIK DAT EN VOL «12-1
+KAI SER ~ KOCHr PIETARI NEN /KARt. SRUHE IJP
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S'i 96 Particle Data Group: Review of particle properties

Baryons
&(1535), N(1540), N(1650)

Data Card Listings
For notation, see key at front of Listings.

PAPERS NGT REFERRED TQ IN DATA CARDS

BAREYRE 65 PL 18 342
BRANDSEN 65 PR 139 B 1566

BAS I S OF NUMBERS W E QUOTE
JOHNSON 67 UCRL-17e83 THESIS
LGVELACE 67 HEIDEL BERG C 79
DGNNACHI 69 NP 10B 433

'AYED 70 PL 31B 598

+ BRICMANg ST IRLINGy VILLET
+QDONNELL2 MQORHOUSE
FROM HENDRY 65
C H JOHNSON
C LOYELACE
A DGNNACHI Ey R K IRSQPP
+BAREYRE+VILLET

{SAC LA Y) I JP
{DURHAM5 RhEL) IJP

(LRL )
(CERN) I JP

(GLAS+EDIN)
(SACLAY)

BULQS
BACCI
JONES
RICHARDS
PREPGST
BLOC M

BULQ S
HEUSCH
BI NNIE

BALL
DQB SON
MINAMI
DEANS
LOGAN
MENCUCC I
MINAM I
MOSS
DEANS
PAL
BALL
LEFIEVRE

MAINLY EXPERIMENTAL
64 PRL 13 486
66 N C 45A 983
66 PL 23 597
66 PRL 16 1221
67 PRL 18 82
68 PRL 21 1100
69 PR 187 1 827
70 PRL 25 1381
73 P RD 8 2789

MA INL Y THEORETICAL
e6 pR 149 1191
66 PR 146 1022
66 P R 147 1123
67 PR 161 1466
67 PR 153 1634
67 NC 48A 579
e7 pR 162 1619
67 PR 163 1785
68 PR 16 5 1886
68 PR 167 1350
69 PR 177 2257
70 NC 66A 349

+ (BROWNE BRANDEI SyHAR VAR DEMI Ty PADGVA ) I
+PENSQ qSALVINI PMENCUCCI NIP+ (RQMA2 FRASCAT I ) I JP
+B INNI Ey DUANE2 HORSEY PMASON 2+ ( LQIC 5 RHEL)
+CHIUt EAND I ~ HELMHQLZ 5 KENNEY~+ ( LRL2 HA WAI I ) I J
R PREPQST D LUNDQUI ST D QUI N)5f ( STANFORD)
+HEUSC Hy PRESCGTT5 ROCHESTER (CIT)
+LANOU t BORDNER5 BASTI EN+ ( BQST+HARV+MI T+P ENN )
+PRESCGTT5 ROCHE STER 5 WI N STE IN (CI T)
+CAMILLER I y DEBENHAMg DUANE2+ (LOIC 5 SHMP )

J S BALL ( UCLA )
P N DQBSCN (HAWAI I )
5 M I NAMI {OSAKA)
S R DEANSP W G HOLLADAY ( V AND ERB ILT )
R K LQGANP F UCHI YAMA-CAMPBELL ( ILL)
C MENCUCC INIy A REAL E ( FRA SCAT I )
S MI NAMI (OSAKA)
T A MOSS ( LSU)
S R DEANS' W G HQLLADAY ( VAND ERB I L T )
B K PAL ( NPi NEW DELHI 1

+GAR G+S HA W ( UCLA+ UC I )
+LERUSTE (CDEF)

THE FOLLOWING ARTI CLES DEAL WITH THE REACTIONS PI- P TO ETA N

AND GAMMA P TO ETA P NEAR THRESHOLD THE DATA AND THE THEORETICAL
ART ICLES ARE USEFUL IN UNDERSTANDING THE BEHAVIOR QF THE Sll AMPLI-
TUDE AS DETERMINED IN PI P PHASE SHIFT ANALYSES 6 FURTHER REFERENCES
MAY BE FOUND IN T HEM

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

66 N¹1/2( 1650) MASS {ME V)

G
G

3

6
6
4

A

A

7

D

E
D

E
8
8
8

( 1 695 ~ 0) B RANDSEN 65 RVUE PHASE-SHIFT ANAL
(1700 0) MICHAEL 66 RVUE F ITS BAREYRE Sl 1
(171060) BAREYRE 68 RVUE P HAS E-SHIFT ANAL

WHERE CROSS SECTION IS GREATEST — EYEBALL FIT
(1710~ 0) DONNACHl 68 RYUE PHASE-SHI F T ANAL
{1705 0) (10~ 0) ORITO 69 RVUE K LAMBDA PS ANAL
(1689~ 01 AYED 70 IPWA

FROM ENER DEP ~ F I T QF ARGAND DIAGRAM
(1766~ 0) DAYIES 70 RVUE P-S ANAL SOL A
(167860 } SCHORSCH 70 DPWA K LAM PHQTQPRO ~

( 1685 0) WAGNER 71 I PWA P I-P TQ K LAMB
THERE ARE 3 S I MILAR SQLUT IONS

( 1670~ ) ALMEHED 72 I PWA
2 {1699 ) HICKS 73 MPWA GAM P-ETA P
2 CNLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LI STING S6
2 M AND W ARE FROM SOLUTION CZwBR=SQRT(G}/W WITH G FROM TABLE V II
1 ( 1860 ~ ) LANGBEIN 73 I PWA PI N-K SIG 5SQL 2
1 Sll AMPLITUDE LARGE BUT NOT RESONANT IN SQ{ UT ION 1 OF LANGBEIN73
1 DEANS 75 AND LANGBE IN73 DISAGREE WI TH PI+ P TG K+ S I G f/fA+ DATA OF
1 W I NNI K77 AROUND 1920 MEV ~

(1675 ) KNASEL 75 DPWA 0 PI- P TQ KO LAM
L 1675 OR 1660 LQNGACRE 75 IPWA PI N TQ 2PI N

L THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LQNGACRE 75 ~

( 1673~ ) AYED 76 I PWA
(1676 ' ) BARBOUR 76 DPWA P I N PHOTO-PROD
(1700 1 (5 ) BAKER 77 I PWA 0 P I- P TQ K LAM.
(1680, ) BAKER 77 DPWA 0 PI- P TO K LAM ~

THE TWQ ENTRIES FOR BAKER 77 ARE FOR AN IPWA USING THE BARRE LET
ZERO M'ETHOD AND A CONVENTI QNAL ENERGY-DEPENDENT ANALYSIS

(1700~ ) LQNGACRE 77 IPWA PI N TQ 2PI N

ALL. LCNGACRE77 PARAMETERS ARE FROM SQLUT ION SZP EXCEPT FQR THE POLE
PQSI TION WHICH IS FROM SOLUTIONS Sl AND Cl.

(1680 ) BAKER 78 DP WA 0 P I- P TO K LAM
9 ( 1694~ ) BARBOUR 78 DPWA P I N PHOTO-PROD
9 SUPERSEDES BARBOUR 76 ~

1640 ~ 30 CUTKOSKY 79 IP WA P I N TQ P I N

1670. 8 HOEHLER 79 IPWA PI N TQ PI N

H (16806 ) SAXON 80 DPWA 0 PI — P TQ K LAM
~ ~ ~ 6 4 ~ ~ ~ ~

AVERAGE MEANINGLESS ( SCALE FAC TQR = 1 0)

9/66
7/66

11/67

8/68
8/69
1/71

8/69
10/71

1/71

2/72
9/73
9/73
9/73
9173
9/73
1/78
1/78

11/75
11/75
11/75
ll/77

1/76
1/78
1/78
1/78
1/78

ll/77
11/77
11/77
3/79¹
3/79¹
3/79¹

12/79¹
l 2/79¹
12 /79¹

109 N¹1/2( 15402 JP=3/2+) I=1/2 11/77
66 N¹l/2 (1650 ) w IDTH (MEv)

109 N¹1/2{ 1540) MASS (MEY } 11/77

(200 )

109 N¹1/2(1540) WIDTH (MEY)

LONGACRE 77 IP WA

11/77

P I N TQ 2PI N 11/77

109 N¹ 1/2( 1540) REAf PART OF POLE POSITION (MEV) 11/77

RE 8 1 535. OR 1482. LGNGACRE 77 I PWA P I N TQ ZP I N 11/77

109 N¹1/2( 1540 ) -2¹IMAG PART OF POLE POSITION (ME V) 11/77

IM 207. Q R 314 LCNGACRE 77 IPWA P I N TO 2P I N 11/77

M 8 (15406 ) LONGACRE 77 IP WA P I N TQ 2PI N 1 1 /77
M 8 ALL LQNGACRE77 PARAMETERS ARE FROM SGLUT ION S 22 EXCEPT FGR THE PQL E 11/77
M 8 POSITION WHICH IS FROM SOLUTIONS Sl AND Cl ~ 11/77

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

'W

W

W

W

1
3

6
4

A

7
2
1

L

0
E
8

9

H

(2406 0 }
( 260% 0}
( 300 ~ 0)
{104 0) (15~ 0)
( 166~ 0)
{404 0)

SOL B GI YE S 121 ME V

(99 0)
(11060)OR(140 ~ 0 )
(120 )
(195~ )
( 200 ~ )
(170 )

1506 OR 130 ~

{150 )
(194 )
( 130 ) (10~ )
(90 )

(1706 )
(90 )

( 193 ~ )
140 40.
180. 20 '

(120 ' }
~ 6 ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS ( SCAl E FACTOR
SEE TH E NOT ES ACCOMPANY ING THE

MICHAEL
BA REYRE
DQNNACH 1
QRITQ
AYED
DAVIES

SC HQRSC H

WAGNER
ALMEHED
HI CK S
LA NGBE I N

KNASEL
LONG ACRE
AYED
BARBOUR
BAKER
BAKER
LONG ACRE
BAKER
BARBOUR
CUTKG SKY
HQEHLER
SA XQN

66 RY UE
68 RVUE
68 RVUE
69 RV UE
70 IPWA
70 RVUE

70 DP WA

71 IPWA
72 I PWA
73 MPWA
73 I PWA
75 DPWA
75 IP WA

76 IPWA
76 DP WA

77 I PWA
77 DPWA
77 I P WA

78 DPWA
78 DP WA

79 IP WA

79 I PWA
80 DPWA

1 ~ 0)
MASS ES QUOTED

P-S ANAL SOL A

K LA M PHQTGPRO.
P I-P TO K LAMB

GAM P-ETA P
P I N-K S IGPSQL 2

0 PI- P TQ KO LAM
P I N TO 2PI N

P I N PHQTQ-PROD
0 P I- P TO K LAM,
0 PI- P TQ K LAM.

PI N TQ ZPI N

0 P I- P TO K LAM
P I-N PHOT Q-PROD
PI N TQ PI N

P I N TQ PI N

0 PI — P TQ K LA M

7/66
11/67
8/69
8/69
1/71
8/69
2/73

10/71
1/71
2/72
9/73
9/73

11/75
11/75
11/77

1 /76
1/78
1/78

11/77
3/79¹
3179¹

12/79¹
12/79¹
12 /79¹

109 N¹ 1/2(1540) PARTIAL DECAY MODES 11/77
66 N¹1/2( 1650) REAL PART OF POLE POSITION (MEV) 11/75

Pl
P2
P3
P4
P5

N¹l/2 (1540) INTO PI
N¹1/2 ( 1540) INTO N RHOy S~1/Zy P-WAVE
N¹1/2 ( 1540) I NTO N RHQ S=3/2 P-WA VE
N¹1/2 (1540) INTO N¹3/2( 1232) PIPP-WAVE
N¹1/2(1540) INTO N EPSILON

DECAY MASS ES
139+ 938
93 8+ 776
938+ 776

1232+ 139
93 8+1300

RE
RE
RE

( 16486 )
1699. OR 1698

( 16396 )

LC NGAC RE
LONG ACRE
CUTKQSKY

75 I PWA
77 I PWA
79 I PWA

PI N TQ 2PI N

PI N TQ 2PI N

PI N TO PI N

11/75
11/77
12/79¹

66 N¹l/2( 1650) -2¹IMAG PART OF POLE POSITION {MEV) 11/75

109 N¹l/2( 1540) BRANCHING RATI QS 11 /77

Rl N¹1/2( 1540) FROM P I N TQ N RHGPS=l/ZtP-WAVE SQRT (Pl¹ P2 ] 11/77
Rl 8 (- 08) LGNGACRE 77 IPWA P I N TQ 2P I N 11/77

IM
IM
IM

(117 )
174 ~ OR 173 ~

( 1406 )

LONGACRE
LQNGACRE
CUTKGSKY

75 I PWA
77 I PWA
79 I PWA

PI N TQ 2P I N

P I N TQ 2PI N

P I N TQ P I N

11/75
11/77
12/79¹

R2 N¹l/2(1540) FROM PI N TQ N RHG S=3/2 P-WAYE SQRT (P 1¹P3) 11/77
R2 8 {.00) LQNGACRE 77 IPWA PI N TQ 2PI N 11/77

R3 N¹1/2 ( 1540) FROM PI N TQ N¹3/2( 1232) PI y P-WAVE SQRT (P 1¹P4) 11/77
R3 8 (+.11 ) LGNGACRE 77 I PWA P I N TQ 2P I N 11/77

RER (3. )

66 N¹l/2(1650) REAL PART OF ELASTIC POLE RESIDUE {MEV)

CUTKOSKY 79 I P'WA PI N TQ PI N 12/79¹

R4 N¹l/2 (1540) FROM PI N TQ N EPSILON SQRT (P 1¹P5) 11/77
R4 8 ( 00) LQNGACRE 77 IPWA PI N TO 2PI N 11/77

¹¹¹¹¹¹¹¹¹ IMR (-586 )

66 N¹l/2( 1650) IMAG PARl OF ELASTIC PQL E RESIDUE (MEV )

CUTKOSKY 79 IPWA P I N TQ P I N 12/79¹

LQhfGACRE 77 NP B122 493
ALSO 76 NP B108 365

REFERENCES FOR N¹l/2 ( 1540 )

LQNGACR F ~ DGL BEAU
DOLBEAUP TR IANTIS 5 NEVEU 5 CADI ET

( SACL } I JP
(SACL ) I JP

ee N¹l/2( le50) PARTIAL DECAY MODES

N(] 650) 66 N61/2(1650, JP=1/2-1 1=1/2 1 1
THE EXI STE NCE OF f HI S RESGNANCE IS W ELL ESTABL I SHED,

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pll
P12

N¹1/2 (
N¹1/2 (
N ¹1/2'(
N¹1/2 {
N¹1/2(
N¹1/2 (
N¹1/2 (
N¹l/2 (
N¹l/2 (
N¹ 1/2(
N¹l/2 (
N¹l/2(

1650)
165 0)
1650)
1650)
1650)
1650)
1650)
1650)
1650)
1650)
le50)
1650)

INTO
INTO
IN TQ
INTO
I NTG
INTO
I NTQ
INTO
INTO
INTO
INTO
I NTG

PI N

N ETA
LAMBDA K
GAM Pg HELICITY2-"1/2
GAM N2 HELICITY=1/2
N PI PI
N EPSILON
N RHO
K SIGMA
N RHO2 S=l/2 2S-WAVE
N RHO 5 S=3/ 22 D- WA VE
N¹3/2(1232) PI

DECAY MASS ES
139+ 938
939+ 548

1115+ 497
0+ 938
0+ 939

93 8+ 139+ l 39
938+1300
93 8+ 776
493+ 1189
938+ 776
93 8+ 776

123 2+ 139
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Particle Data Group: Review of particle properties S197

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(1650), N(1670)

66 8+1/2( 1650) BRANCHING RATI QS

Rl N'41/2 ( 1650) I NTO ( PI N) /TOTAL
Rl {1~ 0) APPROX
Rl 3 (0 79)
Rl 6 {0 642)
Rl 4 (0 56)
Rl 7 (0.5)
Rl ( ~ 54)
Rl ~ 60 e05
Rl ~ 61 ~ 04
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

R 1 AVERAGE MEANI NGLE SS ( SCALE FACTOR

MICHAEL 66
DONNACH1 68
AYED 70
DAY I ES 70
AL MEHED 72
AYED 76
CUTKQS KY 79
HOEHLE R 79

1 0)

RVUE
RVUE
I PWA
RVUE
IPWA
I PWA
IPHA
I PHA

(Pl)

P-S ANAL SOL A

PI N TQ PI N

Pi N TQ PI N

R2
R2
R2 A

R2
R2
R2 D
R2 E
R2 F
R2 F
R2 F
R2 H

R2 H

N&1/2( 1650) FROM PI N TQ K
( e201 ( 05)
( 21)QR ~ 23
—~ 179 ~ 033
( ~ 12)(- ~ 23 ) ( 01)(- 25)(- ~ 25)

THE ( UNDETERMINED ) OVF RAL
HAS BEEN CHANGED TQ AGREE{-~ 22)
SUPERSEDES BAKER 78 ~

I AMBDA
OR I TG
WAGNER
DE VENI SH
KNAS EL
BAKER
BAKER
BAKER

L PHA SE OF ALL
W ITH PREVIOUS

SAXON

SQRT (PI+P3)
69 RVUE
71 I PHA P I- P TQ K LAMB
74 0 F IXED T DI SP REL
75 DPWA 0 P I- P TQ KO LAM
77 I PWA 0 P I- P TO K LAM,
77 DPWA 0 PI- P TQ K LAMe
78 DPHA 0 PI- P TO K LAM
CQUPL INGS FROM BAKER78
CONVENTION S ~

80 DPHA 0 PI- P TO K LAM

R3 N&1/2 ( 1e50) INTO ( L AMBDA K) /TOTAL (P3)
R3 8 (0 ~ 028) APPROX ~ RUSH 68 MP HA T POLE + R ESGN
R3 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING

7/66
8/69
1/71
8/69
2/72

11/77
12/794
12/79+

4/75
4/75
4/75
4/75

11/75
1/78
1/78
3/ 79+
3/79+
3/79+

12/794
12/79+

8/69

AY ED 70 K I EV CONF
GARRERA S 70 NP 168 35
DAY I ES 70 NP B21 359
SCHORSCH 70 NP 825 179

WAGNER 71 NP B25 411

R AY EDgP BAR EYREg, G VI L LET
B CARRERAS g A DONNACHIE
A DA VIE S
+T IETGEg W EILNBOECK

F WAGNER g C LOVE LACE

( SACk ) I JP
('OAR Eg M GHS )

( GLAS )
( MPIM )

(CERN)

ALMEHED 72
DEANS 72
DEVENI SH 73
HICKS 73
LANGBEI N 73
MOORHOU S 73

NP 840 157
P RD 6 1906
PL 478 53
PRD 7 2614
NP 853 251
PL 43B 44

+LOVELAGE {LUND g RUT G ) I J P
DEANSg JACOBS ~ LYONSg MONTGOMERY ( SOUTH FLA e ) I JP
DEVENISHgRANKINg LYTH (LQU C+BONN+LANC ) I J P
+DEANSg JACOB SgLYGNS+ (CARN+QRNL+ SOUTH FLA ) I JP
LANGBEINg WAGNER ( MUNICH) I JP
MOORHOUSE g OBERLACK ( GLAS+LBL ) I JP

DCVENISH 74 NP B81 330
DEVENIS2 74 Pl 528 227
KNIE S 74 P RD 9 2680
METCALF 74 NP B 76 253
MQQRHOUS 74 PRO 9 1

CRAWFORD 75 NP 897 125
DEANS 75 NP B96 90
KNAS El 75 P RD 11 1
LGNGACRE 75 PL 558 415

ALSO 78 PRD 17 1795

DEVENISHgFRQGGATTg MARTIN {DESYg NORDITAg LGUG )
DEVENI SHg LYTH g RANKIN (DE SY LANC BGNN) I JP
KNIESg MOORHOUSEgQBERLACK {LBLgGLAS) I JP
H J METCALFgR L WALKER (CIT ) I JP
MOORHOUSEg QBERLACK gRQSENFELD ( GLAS+LBL) I JP

R L CRAWFORD (GLAS) I JP
+MITCHELLg MONTGQMERYg+ ( SFLAg ALABAMA ) I JP
+LI NDQUI ST g NE LSGN+ {CHICg WUSL gGSUg ANL ) I JP
+RQSENFELDgLASINSKI g SMADJA+ ( LBL g SLAC ) I JP
LONGACREg LAS INSK lg ROSENFELD+ ( LBL g SLAC 1

BGTKE 69 PR 180 1417 J C BQTKE ( UCSB )
DEANS 69 PR 185 1797 S DEANS g J HGOTEN (UNIV S FLORIDA)
QRITQ 69 LNC 1 936 5 OR ITG ~ S SA SAKI (TOKYO-OSAKA)
ORITO2 69 INS J 113 S OR I TO (T HES IS ) ( TOKYO)

R4 N+1/2 (1650) INTO (N ETA)/TOTAL
R4 8 (0 ~ 01 3) BOTKE 69
R4 8 (0 ~ 03 ) (0 ~ 02) DEANS 69
R4 C (0 19) GR 0 ~ 27 CARRFRAS 70
R4 8 PARAMETR IZATION USED COULD BE IN DANGER OF
R4 C CARRERAS 70 USES REGGE POLES + RESONANCES

{P2)
MPWA T POLE + RESON ~

MPWA T POLE + RESQN ~

MPWA T POLE + RESQN ~

DOUBLE COUNT I NG

VALUES SUSPICIOUSLY LARG

10/69
8/6 9
5/70

AY ED
BA RB GUR
FELlER

76 C EA-N-1921
76 NP Bl11 35.8
76 NP 8104 219

AZNAURYA 77 EF I —264( 57) -77
BAKER 77 NP B126 365
LGNGACRE 77 NP B122 493

ALSG 76 NP 8108 365

AYED ( THES IS ) (SACL) I JPI' Me BARBGURgR LE CRAWFORD (GLAS) I JP
+F UKUSHI MA g HQRI KAHAg KA J IKAHA+ ( NAGQYA+GSAKA) I JP

+AKQPOVgBAGDASARYAN (YEREVAN PHYS ICS INST ) I JP
+BL ISSETgBLQGDHQRTHg BRQCME g HART+ (RHEL) I JP
LQNGACREg DGL BEAU ( SACL ) I JP
DQLB EAU g TR IANTI S g NEVE U g CADI ET (SACL)IJP

R5
R5
R5
R5

R6 N&1/2( 1650) FROM GAMMA PROTON TO ETA PROTON SQRT ( P2+ P4)
R6 2 ( ~ 0101) HICKS 73 MPWA GAM P-ET A P

9173
9/73

R7 N+I/2 (16501 FROM PI N TQ K SIGMA
R7 1 ( ~ 11) LA NGBE I N 73 I P WA
R7 5 {.066) TG «137 DE ANS 75 DPWA
R7 5 RANGE Gi VEN I S FROM FOUR BEST SGLUTIGNS ~

R7 ( 20) KNASEL 75 DPWA

SQRT (P 1/I'P9)
PI N K SIGgSQL 2
P I N TQ K SIGMA

0 PI- P TO KO LAM

9/73
9/73

11/75
11/75
11/75

R8 N+1/2(1650I FROM PI N TO N+3/2(1232) PI SQRT (Pl+P12)
RB L (- ~ 16 )OR — 15 LQNGACRE 75 IPWA PI N TQ 2PI N
RB 8 (- ~ 29 ) LGNGACRE 77 IPHA P I N TO 2PI N

RB 8 LQNGACRE 77 CONSIDER THI S COUPLING TO BE WELL DETERMINED

11/75
11175
11/77

N&1/2(1650) FROM GAMMA PROTON TQ K LAMBDA SQRT ( P3+ P4) 9/73
(0 002) QR LESS ORITG2 69 CNTR K lAM PHQTOPRQ 10/71
(0 ' 0072) SCHGRSCH 70 DPWA K LAM PHOTGPRO ~ 10/71

( ~ 0060 ) DEANS 72 MPWA GAM P-K LMg SOL D 9/73

BAKER 78 NP 8141 29
BARBOUR 78 NP B 141 2 53
BAKER 79 NP 8156 93
CUTKOSK Y 79 PRD 20 2839
HOEHLER 79 HANDBOOK OF .Pi-N

80 NP 8162 522SAXON

65 pL 18 342
67 UCRL-17683 THE 5 IS
e9 pR 177 2623
69 NP 1 OB 433
70 PL 31B 598
77 NP 8128 66

BAREYRE
JOHNSON
DEANS
DONN AC H I
AYED
'HI NNI K

+Bll SSET g8LQCOHORTHg BRGCME+ (RL+CAMB ) IJP
BARBOUR g CRAWFORD g P AR SONS (GLAS)
+BRQHNg CLARKg DAV IES ~ DEPAGTERg EVANS+ (RHEI ) I JP
+FOR SYTH g HENDRI C Kg KE LLY ( CAR N+LBL 1 IJ P

S CATT ERINGg P HYS IK OATEN VOL 12-1
+KAI SERg KOCHg PIETARINEN 1 KARLSRUHE I JP
+BAK ER g BELL g BL I SSETT g BLQGDHQRTH+ {RHEL+BRI S) I JP

PAPERS NOT REFERRED TQ IN DATA CARDS

(SACLAY ) I JP
( LRL)

(UN IV S F LOR IDA )
( GLAS+ED IN )

( SACLAY)
( HAIF1I

+ BRICMANg STI RLI NGg VI LLET
C H JOHNSON
S R DEANS
A DONNACHI Eg R KIRSOPP
+BAREYRE+VILLET
+TOAFF gREVE Lg GOLDBERGg BERNY

R9 N&1/2(1650) FROM PI N TO N RHQgS=l/2gS-WAVE SQRT {Pl+P10)
R9 L 23)OR + 16 LQNGACRE 75 IPHA PI N TG 2PI N
R9 8 {-e17) LQNGACRE 77 IP HA P I N TQ 2PI N

Rlo N&1/2(1650) FROM PI N TG N RHO, S=3/2, D-WAVE SQRT ( P 1+Pl I )
R10 8 (- ~ 29) LONGACRE 77 IPWA P I N TQ 2P I N
R10 8 LCNGACRE 77 CONSIDER THIS CQUPLI NG TG BE HELL DETERMINED

Rl 1 N&1/2( 1650) FROM PI N TQ N EPSI LON S QRT (P1 gl:P7 )
Rl 1 L (- ~ 23 )OR — 25 LQNGACRE 75 IP WA PI N TO 2PI N
Rl 1 8 ( ~ 001 LQNGACRE 77 IP HA P I N TQ 2P I N

11/75
11175
11/77

11/77
11/77

11/75
11/75
11/77

I

N(] 670) ee Nel/2(1670 JP=5/2-) /=I/2

THE EXI STENCE GF THI S RESONANCE I S WELL ESTABL IS HED

64 N+I/2( 1670) MASS (MEV)

66 N+ 1/2( 1650 ) PHOTON DEC AY AMPL (GFV++- 1/21

FQR 0EF IN IT IGN OF GAMMA-NUCLEON DECAY AMPLI TUDE S g SE E MI NI-
RE VI EW PRECE DING THE BARYON LISTINGS ~

HEL IC ITYK 112 {GEV
DEVE NISH
MOQRHGUS
DEVENI S2
KNI E 5
METGALF
MQQRHQUS
C RA WFORD
BARBOUR
F ELLER
AZNAURYAN
AZNAURYAN
BARBOUR

~+-1/ 2)
73 DPWA
73 DP WA

74 DP'HA
74 DP HA

74 DP WA

74 DPHA
75 DPWA
76 DP HA

76 DPWA
77 DP WA

77 DPHA
78 DPHA

GAM Pg
~ 033
~ 042
~ 0 18
~ 018
e0 15
005

%018

N+1/2 ( 1650) INTO
024

+.066
~ 029
e 058

+ ~ 012
054

+.044
(+.044)
+.068
+ 004
+ 003
+ 048

Al
Al
Al
Al
Al
A1
Al
Al
Al
Al
Al
Al
Al 9
Al ~ ~ ~ ~ ~ ~

Al AVERAGE MEANI NGLE SS

~ 009
004

~ 004
017

~ ~ ~

(SCALE FACTOR = 3 8)

P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
PI N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I 0 PHTPRD gSGL 1
P IO PHTPRDgSQL 2
P I-N PHOTO-PROD

R12 N+1/ 2(16501 FROM PI N TQ ETA N SQRT (P 1+P2)
R12 I (-e 09) BAKER 79 DPHA 0 PI- P TQ ETA N

R12 I THIS COUPL ING WAS FIXED DURING' F ITTINGg BUT THE NEGATIVE SIGN
R12 I REI ATIVE TG N( 1535 ) IS WELL DETERMINED ~

12/794'
12/79+
12/794
12/7M

2/74
2/73
4/75
2174
2/74
2/74
1/76
1/76
2/77

12/79+
12/ 79'
3/79~

M

M 1
M 1
M 3
M

M 6
M 6
M 4
M 7
M

M

M

M

M 8
M 8
M 8
M

M

M

M

M 9
M

M A

CUTKQSKY 79 IPHA
HOEHlE R 79 I PH A

SAXON 80 DPHA

64 I+1/2( 1670 ) W IDT H (MEV )

(1650 0) APPROX BRANDSEN b5 RVUE PHASE-SHIFT ANAL
(1680' 0) BAREYRE 68 RVUE P HASE-SHIF T ANAL

WHERE GROSS SECTION IS GREATEST — EYEBALL F IT
(1678 0) DONNACH1 68 RVUE PHASE-SHIFT ANAL
( 1674.0) DUKE 68 CNTR PI —P El + POL
(1675e 0) AYED 70 I PWA

FROM ENER ~ DEP ~ FIT OF ARGAND DIAGRAM
( 1669e 01 DAVIES 70 RVUF P-S ANAL SOL A

(1683 ' ) ALMEHED 72 I P HA
1652 ~ TG 1687 ~ CRAWFORD 75 DPHA P I N PHOTO-PRODl 1 660e OR 1660~ LONGACRE 75 IPWA PI N TG 2P I N

L THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LQNGACRE 75 ~

(1660 ) AY ED 76 I PWA
( 1687 ) BARBOUR 76 DP WA P I N PHOTO-PROD
(1650~ ) LONGACRE 77 IP WA P I N TO 2P I N

All LONGACRE77 PARAMETERS ARE FRCM SOI UTIGN S2 . EXCEPT FOR THE POLE
POSITION WHICH IS FROM SOLUTIONS Sl AND Cl ~

5 (1680 ) BARBOUR 78 DPHA P I-N PHOTO-PROD
5 SUPERSEDES BARBOUR 76

1680e 15 ~ PI N TO PI N

1 679e 8 ~ P I N TO PI N

(1670 ) 0 PI — P TQ K LAM
e ~ ~ ~ ~ ~ ~

VERAGE MEANI NGLE SS ( SCALE FACTOR = I e 0)

7/66
11/67

6/68
6/68
1/71

8/69
2/72
1/76

11/75
11/75
11/77
1/76

11/77
11/77
11/77
3/79+
3/79+

12/794
12/79+
12/794

EV+&-1/2)
73 DPHA
73 DP WA

74 DPW A

74 D PHA
74 DPWA
74 DPWA
75 DPHA
76 D PWA
78 DPHA

K+I/2 ( 1650) INTO
010
072

—~ 006—.015
019

—~ 027
103(- 022)

—~ 045

GAM Ng

~ 043.obe
~ 031
~ 035
022.009

~ 010

HEL ICITY"-1/2 ( G

DEVENI SH
MOOR HOUS
DE VE NIS2
KNI E S
METCALF
MGGRHQUS
CRAWFORD
BARBOUR
BARBOUR

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2 9
A2 ~ e e ~ ~

A2 A VERAGE MEANI NGLE SS

024
~ e ~

(SCALE FACTOR = 2e6)

BRANDSEN 65 PL 19 420

MICHAEL ee PL 21 93

REFERENCES F GR Ngl'1/ 2 (1650)

+QDGNNELLg MQORHGUSE

C MICHAEL

PI N

PI N

PI N

PI N

PI N

PI N

PI N

PI N

P I-N

PHOTO PROD
PHOTO-PROD
PHOTO-PRO D

PHOT 0 PROD
PHOTO-PROD
PH GT Q-P ROD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD

( DURHAM g RHEL) I JP

2/74
2 173
4/75
2 /74
2174
2/74
1176
1/76
3 /794'

W 1
H 3

6
W 4
H 7
W

W L

H
H 8
W 5

H

W

H 9
H

W

e
AVERAGE

SEE T

135 0)
173 0)
143~ 0)
115' 0)
150
165~ TQ 185 e

145 QR 150
146 ~ 1

172 1
130 )
192» )
(88 )
180 30 ~

120 ~ 15 '
(40 )

~ e ~ e e ~ ~ ~

MEANINGL ESS ( SCALE FACTOR
HE NOTES ACCOMPANYING THE

BAREYRE
DQNNACH1
AYED
DA V IES
ALMEHED
CRAHFQ RD
LONGACRE
AYED
BARBOUR
LONGACRE
BARBOUR
BAKER
CUTKGSKY
HDEHLER
SAXON

e8 RvuE
68 RVUE
70 I P WA

70 RV UE
72 I PWA
75 DP WA

75 IP WA

76 IPWA
76 DP HA

77 I PHA
78 DPWA
79 DP'HA
79 IPHA
79 I P WA

80 DPWA

1 8)
MASSES QUOTED.

SOL A AND B

P I N PHOTO-PROD
P I N TO 2PI N

P I N PHOTO-PROD
PI N TO 2PI N

PI-N PHOTO-PROD
0 PI — P TO ETA N

PI N TO PI N

PI N TO P I N

0 PI- P TQ K LAM

11/67
6/68
1/71
8/6 9
2/72
1/76

11/75
11/77

1/76
11/77
3/79+

12/794
12/79'4
12 /794
12/ 794

BAREYRE 68 PR 165 1731
DQNNACH1 68 PL 26B 161

ALSO 68 VIENNA 139
ALSO 68 THES IS

RUSH 68 P R 173 1776

P BAREYREg C BRICMANg G VILLET - (SACLAY) I JP
A DONNACHIEg R G KIRSQPPg C LOVELACE (CERN) I JP
DGNNACHIE RAPPORTEUR AS TALK I GLAS )
R G K IRSDPP (EGIN)
J E RUSH (UNIV ALABAMA )

RE
RE 8
RE

(1663~ )
1649e OR 1650~

( 1663 )

LQNGAGRE 75 I PHA
LONGACRE 77 IPHA
C UTKQ SKY 79 I PHA

P I N TO 2PI N

P I N TD 2P I N

PI N TO PI N

.11 /75
11/77
12/79'/

64 O'I/I/2( 1670) REAL PART QF POLE POSITION ( ME V) 11/75
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S198 Particle Data Group: Review of particle properties

Baryons
N(1670)

Data Card Listings
For notation, see key at front of Listings.

IM
IH 8
IH

(146«)
127 ' OR 127 '

( 150 ~ )

LONGACRE
LGNGAC RE
C UTKOSKY

75 IPWA
77 I PWA
79 I P HA

P I N TO 2P I N 11/75
PI N TO ZPI N ll/77
PI N TO PI N IZ/TW

64 N~l/2{1670) -2~IMAG pART QF pOLE posITIQN (HEv) 11/75 AI
Al
Al
Al
Al

+.034
+.071
+ ~ 022

~ 003
002

~ 010

AZ NAURYAN 77 DP HA

AZNAURYAN 77 DP WA

BA RBQUR 78 D PH A.
~ ~ ~ ~ ~ « ~ « ~

AVERAGE MEANINGLESS (SCALE FACTOR ~ 5 ~ 2)

P IO PHT PRD SQL 1 12/79+
P I 0 PHTPRD SQL 2 12/79+
P I-N PHOTO-PROD 3/79+

RER

IMR

(33 )

64 N«e I/2( 1670) REAL PART OF EL ASTI C POL E RESIDUE ( MEV )

CUTKOSKY 79 I P HA PI N TQ PI N

64 N+ 1/2( 1670) PARTIAL DECAY MODES

64 N+I/2(1670) INAG PART OF ELASTIC POLE RESIDUE (MEV}

CUTKOSKY 79 I PHA PI N TQ PI N

12/7M

12/79+

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

8+1/2 ( 1670) INTO
~ 036

+ ~ 021
~ 014
~ 014

+.042
~ 016

+ ~ 015
(+ ~ 021)
(+ ~ 02 1)
+ ~ 019
+.010
+ ~ 002

5 +.015
« ~ ~ ~ ~ « ~

AVERAGE MEANINGLESS

GAN Pe
~ 030
«020
~ 004
~ 008
~ 024
~ 002
~ 006

~ 009
~ 010
~ 021
«006

HEL

P ~

(SCALE FACTOR 4 1 0)

IC ITY= 3/2 ( GE V++- 1/2)
DEVENISH 73 DPHA
HOOR HOUS T3 DP WA

DEVENIS2 74 DPHA
KNIES 74 DPHA
HETCALF 74 DPHA
NOQRHGUS 74 DP WA

CRAWFORD 75 DPWA
KR I V ETS 75 DP HA

BA RBQUR 76 DP WA

FELLER 7e DpwA
AZNAURYAN 77 DPHA
AZNAURYAN 77 DPWA
BARBOUR 78 DPWA

PI N PHOTO PROD
P I N PH OTO-PROD
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I-N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P IO PHTPRDeSOL 1
P IO PHTPRD eSQL 2
P I-N PHOTO-PROD

2/74
2/73
4/75
2/74
2 174
2174
1176
1/78
1/76
2/77

12/794
12/794
3/79~

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pll
P12
P13

N& 1/2 ( 1670)
N+I/2(1670)
Neel /2 f 1670)
N+I/2( 1670)
N+1/2 f 1670)
Nee1/2 ( 1670)
N«I'I/2 ( 1670)
N+1/2 (1670)
N+I/2( 1670)
N&1/2 ( 1670)
N&l/2 (1670)
N+I/2 ( le70)
N+ 1/2 ( 1670)

INTO
INTO
I NTO
INTO
INTO
I NTO
INTO
I NTO
I NTG
INTO
INTO
INTO
I NTO

PI N

N ETA
LAHBDA K
N*3/2(12321 PI
N PI PI
GAH P e HELI CITY=, 1/2
GAM Pe HELICITY=3/2
GAM Ne HELICITYe I/2
GAM Ne HELI CI TY=3/2
S IGHA K
N«e3/Zt 1232) PI e D-WAVE
N RHOe S= 3/2e D-WA VE
N EPSII ON

64 N+1/2( 1670) BRANCHING RATIOS

BARE YRE
DONNACH1
AYED
DAV I ES
ALNEHED
AYED
CUTKOSKY
HOEHLER

68 R VUE
6S RVUE
70 IPHA
70 RVUE
72 I PHA
T6 IP HA

79 IP HA

79 I PWA

1 ~ 0)
MASSES QUOTED ~

Rl N+I/2 t 1670) I NTO l PI N) /TOTAL
Rl 1 {0' 41)
Rl 3 (0 ~ 391)
Rl 6 (0 ' 392)
Rl 4 (0 ~ 50 )
Rl 7 {0~ 45)
Rl 41)
Rl ~ 35 ~ 06
Rl ~ 38 «03
Rl ~ « ~ ~ ~ ~ « ~ ~

Rl AVERAGE MEANINGLE SS t SCALE FACTOR
SEE THE NOTES ACCONPANYING THE

DECAY MASSES
139+ 938
93 9+ 548

1115+ 497
1232+ 139

93 8+ 139+ ).39
0+ 938
0+ 938
0+ 939
0+ 939

493+ 1189
123 2+ 139

938+ 776
938+1300

(Pl ]

P-S ANAL SOL A

P I N TO PI N

PI N TQ PI N

).1/67
6/6 8
1/71
8/69
2/72

11/77
12/TW
12/79+

A3 N+I/2 ( 1670) INTO
A3 —~ 060
A3 +.010
A3 —~ 029
A3 —~ 043
A3 ~ 004
A3 017
A3 -«052
A3 (- ~ 058)
A3 5 —~ 066
A3 ~ ~ ~ 4 ~ «

A3 A VERAGE iMEANI NGLESS

N&1/2 t 1670) INTO
072

—~ 035
—.068

~ 071
—~ 009
-«049-.083

( ~ 080)
—~ 073

A4
A4
A4
A4
A4
A4
A4
A4
A4
A4 5
A4 ~ ~ ~ ~ ~ ~

A4 AVERAGE HEANINGLE SS

HEL IC IT Y= 1/2 l GE
OEVENISH
HOGRHOUS
DEVENI S2
KNI ES
METCALF
MOGRHOUS
CRAWFORD
BA RB OUR
BARBOUR

M+-1/2)
73 DPWA
73 DP'HA
74 DP HA

74 DP WA

74 DP HA

74 DPWA
75 DPHA
76 DP WA

78 DPWA

GAM Ne
062

~ 040
«023
006

«015
~ 004
003

~ 020
~ ~ ~

(SCALE FACTOR ~ 4 4)

HEL IC ITYe: 3/2 {GE
DE VE NISH
MQGRHGUS
DEVENISZ
KNI ES
METCALF
HOGRHOUS
CRAWFORD
BARBOUR.
BARBOUR

GAM Ne
~ 022
014

~ 020
030

«029
~ 004.007

V~+-I/2)
73 DPWA
73 DPHA
74 DP WA

74 DP WA

74 DP WA

74 DPHA
75 DP HA

76 0PHA
78 DPHA.014

~ ~ ~

( SCALE FACTOR ~ 2 ~ 1)

REFERENCES FOR N+1/2( 1670}

PI N

PI N

PI N

PI
PI N

PI N

PI N

PI N

PI N

PI N

PI N

PI N

PI N

PI N

PI N

PI N

PI N

P I-N

PHOTO PROD
PHOTO-P ROD
PHOTO-PROD
PHOT 0 P RQD
PH QTO-PROD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD

PHQTO PRO D

PHOTO-PROD
PHOTO-PROD
PHOTO PROD
PHOTO-PROI}
PHOTO-PROD
PH OT 0-P ROD
PHOTO-PROD
PHOTO-PROD

2/74
2/73
4/75
2/74
2/74
2/74
1/76
1/76
3/79*

2/74
2/73
4/75
2/74
2/74
2/74
1/76
1/76
3/794

RZ
R2
RZ 8
R2 8
R2 8
R2 8

N+I/2 t 1670) INTO (N ETA)/TOTAL
(0 ~ 02 ) OR L ESS
(0 ~ 01 8)
(0 ~ 006) (0 ' 004)
(0 ' 006)OR 0 ' 012

PARAMETRIZATION USED COULD BE

(P2)
TRIPP 67 RVUE
BOTKE 69 HPHA T POLE + RESON ~

DEANS 69 MP'HA T POLE + RESON
CARRERAS 70 MPHA T PQ(. E + RESON ~

IN DANGER OF DOUBLE COUNT ING

R3
R3
R3 8
R3 8
R3

8+1/2 ( 1670) I NTO (iLAMBDA K ) /TOTAL (P3)
(0«016}OR L ESS TRIPP e7 RVUE
(0 ~ 001)OR LESS RUSH 68 MPWA T POLE + RESON ~

PARAMETRIZATIQN USED COULD BE IN DANGER OF DOUBLE COUNTING
{0 0028)QR LESS CL= ~ 63 WAGNER 71 IP'HA PI-P TQ K LAMB

R5
R5
R5
R5
R5 9
R5 9

N+1/2 (1670) FRCM PI N TO K LAMBDA SQRT {PI+P3)- ~ 034 ~ 006 DE VE NI SH 74 0 FIXED T DISP REL
COUPLING TO LAMBDA K NQT REQUIRED IN THE ANALYSES OF BAKER77 ANO
BAKE R78 ~

{+~ 036) SAXON 80 DPHA 0 P I- P TO K LAN
SUPERSEDES BAKER 7S ~ COUPLING PHASE I S NEAR 90 DEGR EES ~

R4 N+I/2( 1670) INTO (N+3/2( 1232) PI ) /TOTAL lP4)
R4 E 12600 0 ~ 63 0 ~ 1 BRODY 71 HBC P I-P--2P I Ne P WA

R4 E ASSUME S ELASTIC BRANCHING RATIO 0 ~ 42+M 04

8/67
10169
5/70
5/70

8/67
8/69

1/71

6/70

4175
4/75
3/TW
3/79+

12/79+
12/79+

BRANDSEN 65 PL 19 420 +OOONNELLe MOORHOUSE f DURHAHe RHEL) I JP

TRIpp e7 Np 83 lo + LEITHe + l LRL e SLAC eCERN eHEI De SAC LAY)

BGTK E
DEANS

69 PR 180 1417
69 PR 185 1 797

J C BOTKE
S DE ANS e J WOOT EN

(UCSB)
{UN IV S FLORIDA)

AYED 70 KIEV CONF
CARR iERA S 70 NP 168 35
OAVIES 70 NP 821 359

R AYEDe P BAREYREe G VILLET
8 CARRERASe A DGNNACHIE
A DAVI ES

l SACL) I JP
( DAR Ee HCHS )

(GLAS)

BRQDY 71 Pi 348 665 +CA SHMQRF+ - +HERNDQN+ ~ ~ (SLAC+LRL)
WAGNER 71 NP 825 411 F HAGNERe C LOV ELACE (C ERN)

ALHF HED Y 2 NP 840 1 5T +I OVELACE (LUNDeRUTG) I JP

BAREYRE 68 PR 165 1731 P BARE YRE e C BRICMANe G VI LLET t SACLAY) I JP
DCNNACHl 68 PL 268 161 A DONNACHIEe R G KIRSOPPe C LOVELACE (CERN) I JP

ALSO 68 VIENNA 139 DQNNACHIE RAPPORTEUR ~ 5 TALK l GLAS )
ALSO 68 THESIS R G K IRSGPP (EDIN)

DUKE 6S PR 166 1448 +JONES eKENPe MURPHY e T HRESHERe + (RHEL e GXF ) IJP
INSIGHTFuL QUALITATIVE ARGUMENTS CONCERNING EXISTENCE AND I JP.

RUsH 68 pR 173 1776 J E RUSH (UNIV ALABAMA)

R6
R6 2
R6 2
R6

RT
R7 2
R7 2
R7 2
RT 2

N&1/2 t 1670) FROM P I N TQ K SIGHA SQRT (P I+PIO)
L E SS TH AN ~ 003 DEANS 75 DPWA P I N TQ K SIGNA

RANGE GIVEN IS FROM FOUR BEST SOI UTIGNS
DEANS75 DI SAGREES WITH PI+ P TO K+ SIGMA+ DATA OF HINNIK77
AROUND 1920 HEY«

11/75
ll/75
11/75

1/78
1/78

N&l/2(1670) FRQN PI N TQ Ne'3/2(1232) PI eOWAVE SQRT (Pl+Pll )(-,45 )OR —~ 50 LONGACRE 75 IPHA PI N TQ 2PI N

(- ~ 46 ) LGNGACRE 77 IPWA P I N TQ 2PI N

LONGACRE 77 CQNSI DER THI.S COUPLI NG TO BE HELL DETERHINED
(- ~ 5) NOVQSELLE 78 IPHA P I N TO 2PI N

BW F IT TO LONGACRE 75 IPHA ~

R8
RS L
RS 8
R8 8
RS N

RB '
N

11/75
11/75
11/77

3/YW
3/79+

N&l/Z(1670} FROM PI N TO ETA N SQRT (Pl i«PZ) 11/75
(0, 0) OR (+ ~ 009) FELT ESSE 75 DPWA 0 1488 TO 1745 NEV ll/75

USES N AND H OF AYED 76« 11/75l-.07 ) BAKER 79 DP HA 0 P I- P TQ E TA N 12/TW DE VE NI SH T4 NP 881 330
DEVENIS2 74 PL 528 227
KNIES 74 PRD. 9 2680
HETCALF 74 NP 876 253
MOORHOUS 74 PRD 9 1

CRAWFORD
DCANS
FEiLTESSE
KRIV ETS

ALSO
LONGACRE

ALSO

75 NP 897 125
75 NP 896 90
75 NP 893 24Z
75 SJNP 20 430
74 SJNP 19 112
75 PL 558 415
78 P RD 17 1795

DEV ENIS H 73 PL 478 53
HEHMI 1 73 P( 438 Y9
MQORHOUS 73 PL 438 44

DEVENISH RANKIN LYTH f LOUC+ BONN+LANG ) I J P
HEMMI e INAGAK I+ ( KYQTO+S AGA+KE K+ TGKY ) I JP
HGORHOUSE e QBERLACK lGLAS+LBL }IJP

DEVENISHe FROGGATTe MARTIN{ DESYe NQRDITAe LOUC )

DEVENI SHeLYTH ~ RANKIN (DE SY e LANCe BONN }I JP
KNI ESe NOORHQ USE e08 ER LAC K {LBI ~ GLAS) I JP

J METCALFeR L HALKER (CIT ) I JP
HOORHOUSE OBERLACK RGSENFELD (GLAS+LBL) I JP

R L CR A'HFGR D t GLAS ) I JP
+N I TCHELL e HONTGOMERY e + ' ( SFLAeALABAMA) I JP
+AYEOe BAREYRE ~ BORGEAUDe GAVI De ERNHE IN+( SACL }I JP
+NIROSHNICHENKQ ~ NI KIFORQVe SANI N+ (K IEV }I JP
KRIVETS NIKIFOROV SANINe SHALAT SKI I ( KIEV) I JP
+ROSENFELO e LAS I NSKI e SHAD JA+ (LBL e S LAC }I J P
LONGACREeLASINSKI eRQSENFELD+ t LB Le SLAG)

R9
R9 8
R9 8

R10
Rl 0 8

N+I/2 f 1670) FROM PI N INTO N RHOe Se'3/2e 0-WA VE SQRT (P 1+P12)
(+.15) LONGACRE 77 IPHA P I N TO 2P I N

LGNGACRE 77 CONSIDER THIS COUPLING TQ BE HELL DETERMINED ~

N&l/2(1670) FROM PI N INTO N EPSILON SQRT t PI~P13)
(- 03) LQNGACRE 77 IPWA P I N TQ 2PI N

11/77
ll/77

11/77
11/77

AYED 76 C EA-N- 1921
BARBOUR 76 NP 8111 358
F ELL ER 76 NP 8 104 219

AZNAURYA Y7 EF 1-264 ( 57) -77
LGNGACRE 77 NP 8 122 493

ALSO 76 NP 8108 365

AYED l THE SI S) (SACL) I JP
I ~ M «BARBGURe R«L «CRAHFORD (GLAS) I JP
+FUKUSHI MA eHGRI KAHAe KAJ IKAHA+{ NAGQYA+GS AKA) I JP

+AKOPQV eBAGDASARYAN (YEREVAN PHYS ICS IN ST e ) I JP
LONGACRCeDGLBEAU {SACL) I JP
DOLBEAUe TRIANTISe NEVEUe CADIET ( SACL} I JP

SEE NCTE PRECEDIiNG THE N+1/2(1688) INELASTIC DECAY HODE MEASUREMENTS ~ BA I}SOUR 78 NP 8141 253
NOVOSELL 78 NP 8137 509

ALSO 78 NP 8 137 445

BARBOUReCRAHFGRDePARSQNS
D ED NOVQSELLER
D ~ E ~ NOVOSELLER

(GLAS}
(CAL TECH) I JP
(CAL TECH) I JP

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

N& 1/2 ( 1670) INTO
~ 027

( ~ 023)
+.011

~ 019
~ 013

+.010
019

+.027
f+.004)
(+ ~ 008)
+ ~ 034

GAN Pe
030

012
021

~ 014
~ 013
~ 007

009

«004

HEL IC I TY=1/2 ( GEM+-1/2)
DEVENI SH 73 DPHA
HE MMI 1 73 +
MOQRHGUS 73 DP WA

DEVENIS2 74 DPHA
KNIES 74 DPHA
METCALF 74 DPHA
MOGRHGUS 74 DPHA
CRAWFORD 75 DPHA
KRIVETS 75 DPWA
BARBOUR 76 DP HA

FELLER 76 DPHA

P I N PHOTO PROD
FHD PIO PHTOPROO
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO PROD
PI N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I-N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD

64 N+ 1/2l 1670) PHOTON DECAY A NPiL (GE V++-1/2 )

FQR 0EF INI TION OF GAHHA-NUCLEON DECAY AHPL ITUDES, S E E MINI-
R EV I EH PRECEDING THE BARYON L I STINGS ~

2/74
2/74
2/73
4/75
2/74
2/74
2/74
1 /76
1/78
1/76
2/77

BAREYRE
DUKE
JOHN SON
DEANS
DGNNACH I
AYEO
BAKER
WI NNI K
BAKER

65 PL 18 342
65 PR{ 15 468
67 UCRL- 1 7683 THE SI S
6.9 P RL 177 26 23
69 NP 108 433
70 PL 3 18 598
77 NP 8126 365
77 NP 8 128 66
78 NP 8141 29

+ BRICNANe STIRLING e VILLET (SACLAY) IJP
+JGNES e KEMPe MURPHYe PRENTICE e + (RHEL ~ CXF ) I JP
C H JOHNSON (LRL )
S R DEANS (UNIV S F I GR IDA)
A DONNACHIEe R K IRSOPP (Gt AS~EDIN)
+BAREYRE+VII LET {SACLAY)
+BL ISSET e 8 LOODHORTHe 8ROOME ~ HAR T+ l R HEI) I JP
+TOAFF eREVELeGOLDBERGe BERNY {HAIF) I
+BL I SSETe BLOODWORTHe BRGMHE+ t R L+CAHB) I JP

BAKER 79 NP 8156 93 +BROWNeCLARK ~ DAVI ESe DEPAGTERe EVANS+ (RHEL }I JP
CUTKOSKY T9 PRO 20 2839 +FQRSYTHe HENORICKe KELLY (CARN+LBL} I JP
HQEHLER 79 HANDBOOK OF PI-N SCATT ERING PHYS IK OATEN VOL 12-1

+KAI SEReKOCH ~ PIETARINEN /KARLSRUHE IJP
SAXON 80 NP 8162 522 +BAK ER e BEL Le BLI S SETT e BLQODHORTH+ (RHEL+BRI S ) I JP

PAPERS NOT REFERRED TO IN DATA CARDS
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Particle Data Group: Review of particle properties S199

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(~aaa)

65 N&1/2(1688 ' JP 5/2+) I 1/2

THE EXISTENCE OF THIS RESONANCE I S WELL ESTABLI SHED.

RZ
-R2
R2
R2
R2
R2

N+I/2( 1688) INTO (N ETA ) /TOTAL
(0 ~'01 5) OR LESS
( 0 ~ 0004)
{0 003) (0 ~ 002)
(0» 0005) OR ~ 001

PARAMETRIZATIQN .USED COULD BE

(P2)
TR IPP 67 RVUE
BGTKE 69 NPWA T POLE + RESON
DEANS 69 MPWA T POLE + RESON ~

CARRERAS 70 MPHA. T POLE + RESGN ~

IN DANGER OF DOUBLE COUNTING

8/67
10/69
5/70
5/70

65 M+I/2(1688) MAss (MEv )

R3
R3

N+1/2( 1688) I NTO (N ETA) /( PI N) (P2)/(Pl)
(0.027)OR LESS HEUSCH 66 RVUE + Plop FTA PHOTO 9/66

M

M 1
1
3

M

e
N 6
M

N 7
N

N

N L
M L
M

M

M 8
M 8
M 8
M 5
M 5
M

M

M

M AV

65 N+I/2( 1688) WIDTH (MEV)

(1680 ~ 0) BRANDS EN 65 RV UE P HA SE' SHIF T ANA L
( 1690 0) BAREYRE 68 RVUE PHASE-SHIFT -ANAL

WHERE CROSS SECTION IS GREATEST — E YEBALL F IT
(1687~ 0) DONNACH1 68 RV UE P HA SE-SHIF T ANAL
( 1682 ~ 0) DUKE 68 CNTR PI-P EL + POL
(1682 ~ 0 ) AY ED 70 I P WA

FROM ENER ~ DEP ~ F I T OF ARGAND DIAGRAM
(1685 ' 0) DAYIES 70 RVUE P-5 ANAL SQL A
( 1688 ) ALMEHED 72 IPHA
1674 . TG 1676 ~ CRAWFORD 75 DP WA P I N PHOTO-PROD

(1685~ ) KNASEL 75 DPWA 0 P I- P TO KO LAM
1680 OR 1670 ~ LGNGACRE 75 IPHA PI N TO 2PI N

THE 2 SETS OF PARAMETERS ARE FRDN METHODS 1 AND 2 OF LONGACRE 75.
( 1679» ) AY ED 76 I PHA
(1680, ) BARBOUR 76 DP AA P I N PHQTO-PROD
(1660~ ) LONGACRE 77 IPWA P I N TQ 2P I N

ALL LQNGACRE77 PARAMETERS ARE FROM SOLUTIGN 52' EXCEPT FOR THE POLE
POSITION WHICH IS FROM SOLUTIONS Sl AND Cl.

( 1680«) BARBOUR 78 DPWA P I-N PHOTO-PROD
SUPERSEDES BARBOUR 76

1680 ' 15 ' CUTKOSKY 79 IPWA P I N TO PI N

1684. 3 ~ HOEHLER 79 IPWA PI N TO PI N

~ e ~ ~ ~ ~ ~ ~ ~

ERAGE MEANINGLESS ( SCALE FACTOR = 1 0)

7/66
11/67

6/68
6/68
1/71

8/69
2/72
1/76

11/75
11/75
11/75
11/77
1/76

11/ 77
11/77
11/77
3/79+
3/79+

12/7M
12/79~

R4
R4
R4
R4
R4

R5
R5
R5
R5

R6
Re
Re
R6
Re

R7
R7
Rj
R7
R7
R7

R8
R8
R8
R8
R8

N+1/2( 1688) INTO (LAMBDA K)/TOTAL (P3)
(0 ~ 0013)OR LE SS TRIPP 67 RVUE
(0» 001)OR LESS RUSH 68 MPWA T POLE + RESON ~

PARAMETR IZAT IQN USED GOULD BE IN DANGER OF DOUBLE COUNTING
(0 ~ 001) OR LESS CL= ~ 63 WAGNER 71 IPWA PI-P TQ .K LAMB

N») 1/2 (1688) INTO f Nel'3/2( 1232) P I ) /TOTAL ( P4)
E 12600 ( 0. 13) {0 04) SOLN A BRGDY ' 71 H BC P I-P--2P I N/PHA
E 12600 (0 ~ 39 ) ( 0 10) SOLN ~ 8 BRODY 71 HBC P I-P--2 PI N/PHA
E A S SUME S E LAST I C BRANCHING RAT IG 0 «62+-0 ~ 06

8/67
5/70

1/71

6/70
6/70

L
8
8

N

N

L

8
N

N&l/2(1688) FROM PI N TQ N EPSILON SQRT (Pl+Plo)(-.28 )OR — 30 LONGACRE 75 IPWA PI N TQ 2P I N(- ~ 31 ) LGNGACRE 77 IPWA P I N TO 2P I N

LQNGACRE 77 CONSIDER THI S COUPLING TO BE HELL DETERMINED
(- 42) NOVQSELLE 78 IPWA PI N TO 2PI N

BW F IT TO I ONGACRE 75 I PWA ~

N+1/2 ( 1688 ) FROM P I N TO N+3/ 2( 1232 ) PI, P-WAVE SQRT(P 1+P12)
(+ ~ 26)OR + ~ 25 LONGACRE 75 I PWA P I N TO 2P I N

(+.27 ) LQNGACRE 77 I P WA P I N TO 2 PI N

LONGACRE 77 CONSIDER THIS COUPLING TQ BE W El L DETERMINED ~

(+ ~ 38 ) NQVOSELLE 78 IPHA PI N TO 2PI N

11/75
ll/75
11/77

3/79~
3/79+

11/75
11/75
11/77

3/79+

N41/2 (1688) FROM PI N TO K LAMBDA SQRT (Pl+P3) 4/75
—~ 00 9 009 DEVE Nl SH 74 0 FIXED T DISP REL 4/75{.01) KNASEL 75 DPHA, 0 PI- P TQ Ko LAM 11/75

CQUP LING TQ LAMBDA K NOT REQUIRED IN THE ANALYSES QF BAKER 77 AND 12/79+
SAXON. 80 12/79+

H 1
W 3

6
W 4

7
H

W

H L

H 8
H 5

W

H AVERAGE
SEE

( 110~ 0)
(177 0)
( 109.0)
(104 0)
( 140. )

115» TO
(155.)
125 OR

(126. )
(120. )
( 150~ )
(119~ )
120
128 '

~ ~ ~ ~ ~

MEANI NGLE
THE NGT ES

124»

130»

25
8.

BARE YRE
DONNACH 1
AY ED
DA VI ES
ALNEHED
CRAWFORD
KNASEL
LONG AC RE
AYED
BARBOUR
LQNGACRE
BARBOUR
CUT KGS KY
HOEHLER

68 RY UE
68 RVUE
70 IPHA
70 RVUE
72 IP WA

75 DP WA

75 DP HA

75 I PHA
76 I PWA
76 DP HA

77 !PWA
78 DP HA

79 I PWA
79 I P HA

~ ~ » ~

SS ( SCALE FACTOR = 1 ~ 0)
ACCOMPANY ING THE MASSES QUOTED.

P-5 ANAL SOL A

PI N PHOTO-PROD
0 PI- P TO Ko LAM

PI N TQ 2PI N

P I N PHOTO-PROD
PI N TG 2P I N

P I-N PHOTO-PROD
PI N TO PI N

- PI N TO PI N

65 N+ 1/2(1688) REAL PART QF POLE PQS ITIQN ( MEV)

11/67
6/68
1/71
8/69
2/72
1/76

11/75
11/75
11/77

1/76
11/77
3/79~

12/79+
12/794

11/75

R9
R9
R9
R9

Rlo
Rl 0
R10
R10
Rl 0

Rl 1
Rll
Rll

R12
R12
R12
R12
R12

L
8,

L
8
8

N

N+1/2(1688) FROM PI N TQ N+3/2(1232) PI gF-WAVE SQRT (Pl+P13)
(0 ) OR (- 08) LONGACRE 75 IPWA Pi N TO 2PI N(- ~ 07 ) LONGACRE 77 IPHA P I N TO 2P I N(- ~ 05) NOVQSELLE 78 IPWA PI N TO 2PI N

N+1/2 ( 1688) FROM Pi N TO N RHO ~ S=3/2 y P-HAVE S QRT (PI+P14 )
(+ 27 )OR + ~ 30 LONG ACRE 75 IP WA P I N TO 2 P I
(+ 23) LQNGACRE 77 IPHA P I N TQ 2P I N

LGNGACRE 77 CONSIDER THI S COUPLING TO BE WELL DETERMINED
(+.34) NOYQSELLE 78 IPHA PI N TQ 2P I N

N+I/2 ( 1688) FROM P I N TO N RHQ~ 5=3/2t F-WA YE SQRT {Pl+PI 5 )
(+.15 ) LQNGACRE 77 IPWA P I N TO 2PI N

LGNGACRE 77 CONSIDER THI 5 COUPLI NG TO BE WELL DETERMINED ~

N&1/2( 1688) FROM PI N TG K SIGMA SQRT (Pl+Pie)
LESS THAN ~ 001 DEANS 75 DPHA PI N TO K SIGMA

RANGE Gi VEN IS FROM 3 OF 4 BEST SOLUTIONS' NOT PRESENT IN SLTN ~ 1 ~

CEAN S75 Di SAGREES WITH PI+ P TO K+ SIGMA+ DATA OF W I NNIK77
ARGV ND 1920 M EV ~

11/75
11/75
11/77
3/79~

11/75
11/75
ll/77

3 /79{»

11/77
11/77

11/75
ll/75
ll/75
1/78
1 /78

RE
RE 8
RE

(1688 ~ )
1656 OR 1653 e

(1666 )

LONGACRE 75 I P HA

LQNGACRE 77 IPWA
CUTKQSKY 7'9 IPWA

PI N TO 2PI N 11/75
PI N TO 2P I N 11/77
PI N TO PI N

' 12/79+

R13
R13

N&l/2 ( 1688) FROM P I N TO ETA N

NGT SEEN BAKER
SQRT ( Pl»l'PZ )

79 DPWA 0 PI- P TG ETA N

12/79~
12/79

65 N+ 1/2( 1688) -2+I NAG PART OF POLE POSITiON ( MEY) ll/75 65 N+1/2( 1688) PHOTON DECAY AMPL {GEV++-I/2)

IM
IM 8
IM

(132 )
145 ~ GR 143.

( 112.)

LONG AC RE
LQNGAC RE
CUTKOSKY

75 I PHA
77 I P HA
79 IPHA

PI N TO 2 PI N

P I N TD 2PI N

P I N TO PI N

ll/75
11//7
12/79'«

FOR D EF I NI TI GN OF GAMMA-NUCLEON DECAY AM PL I TU DES, 5 E E MI NI-
REYIEH PRECEDING THE BARYON L ISTINGS ~

RER

IMR

(31.)

65 N+ 1/2( 1688 ) R EAL PART OF ELASTIC POLE RESIDUE ( ME V)

CUTKOSKY 79 IP WA PI N TG PI N

65 8+ 1/2( 1688) I MAG PART OF ELASTIC PQL E RESIDUE (MEV )

CVTKQSKY 79 IPHA PI N TO Pi N

65 N+1/2( 1688) PARTIAL DECAY MODES

12/794'

12/79+

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

N&1/2( 1688) INTO
015(- ~ 003)

—~ 008
~ 027

016
—~ 008
—.014
—~ 013

(+ 003)(- 004)
009

—~ 007
+ 010
—~ 005

GAN Pg
e023

»004
019

«014
«0 11
~ 003
»00?

~ 002
OOZ

~ 001
~ 015

HEL I C I TY=1/2 {GE V++-1/2)
DEVENI SH 73 DPHA
HE MMI1 73 +
MOORHOUS 73 DP WA

DEVENIS2 74 DPWA
KNIE S 74 DPWA
METCALF 74 OPWA
MOQRHGUS 74 DPWA
CRA WFORD 75 DP WA

KRI VETS 75 DPWA
BARBOUR 76 0PHA
FEl LER 76 DPWA
AZNAURYAN 77 DPWA
AZNAVRYAN 77 DPHA
BARBOUR 78 0 PW A

~ ~ e ~ ~ ~ ~ ~ ~

AYERAGE MEANINGLESS (SCALE FACTOR ~ 6 ~ 3)

P I N PHOTO PROD
FHD P Io PHTOPRQD
P I N PHOTO-PROD .

P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I-N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P IO PHT PROD SQL 1
P Io PHTPRDy SOL 2
P I-N PHOTO-PROD

2/74
2/74
2/73
4/75
2/74
2/74
2/74
1 /76
1/78
1/76
2/77

12/79+
12/794'

3/79~

Pl
PZ
P3
P4
P5
pe
P7
P8
P9
P10
Pll
P12
P13
P14
P15
P16

N&1/ 2 ( 1688 )
N&1/2( 1688)
N4 1/ 2 ( 1688)
N&1/2 {1688 )
N&1/2( 1688)
N&I/2( 1688)
N~l/2 ( le88)
N&1/2 (

le

8�8�)

N+1/2 '{ 1688)
N&1/2{ 1688)
N&l/2 ( 1688 )
N41/2 ( 1688)
N&l/2( 1688)
N& 1/2 ( 1688)
N4 1/2 ( 1688)
N&1/2( 1688)

INTO PI N

INTO N ETA
INTO LAMBDA K

INTO N+3/2(1232) Pi
INTO N PI PI
INTO GAM P~ HEL ICITY=.1/2
INTO GAM Py HEL ICI TY~3/2
INTO GAM N o HEL I C I TY= 1/2
INTO GAM Ng HEL ICITY-"3/2
INTO N EPSILON
INTO N RHO
INTO N+3/2(1232) PI gP-HAVE
INTO N+3/2( 1232) PI vF-WAVE
INTO N RHODE 5=3/ Zg P-WAYE
INTO N RHO g'5=3/2, F-HAYE
INTO 51 GMA K

DECAY MASSES
139+ 938
939+ 548

1115+ 497
1232+ 139
938+ 139+ 139

0+ 938
0+ 938
0+ 939
0+ 939

938+13 00
93 8+ 776

1232+ 139
1232+ 139

93 8+ 776
93 8+ 77e
493+ 1189

A2
A2
A2
A?
A?
A2
A2
A2
A2
AZ
A2
AZ
A2
A2
A2
A2

N»l: 1/2 ( 1688) I NTO
146

+.100
~ 163
e 097.129
~ 147

+.135
(+.107)
(+ 132)
+ 121
+. 112
+.114
+»138

GAN Pg
031.012

~ 011
«007
016

~ 006.ooe

«0 10
~ 002
~ 002
~ 021

HEL IC ITY=3/ 2 ( GE
DEVENISH
MOORHOUS
DEVENISZ
KNI ES
METCALF
MOORHOUS
CRAWFORD
KR IV ETS
BA RBOUR
FELl ER
AZNAURY AN
AZNAURYAN
BARBOUR

V++-1/2)
73 DPWA
73 DP HA

74 DPWA
74 DPHA
74 0PWA
74 DPHA
75 DP WA

75 DPHA
76 DP HA

76 DPHA
77 DPHA
77 DP HA

78 DP WA

~ e ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR»"- 3 1)

P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I-N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P IO PHTPRDt SOL 1
P IO PHTPRD gSOL 2
P I-N PHOTO-PROD

2/74
2/73
4/75
2/74
2/74
2/74
1/76
1/78
1/76
2 /77

12/79+
12/794'

3/7M

65 N41/2( 1688) BRANCHING RATI OS

68 RVUE
68 RVUE
70 IPWA
70 RVUE
72 IPHA
76 I PHA
79 I P WA

79 I PWA

SGL A AND B

P I N TQ Pi N
P I N TO PI N

TED

ES OF THE 1690 MEV
BE FOUND BE LOW

Rl N&1/2 (1688) I NTG ( P I N) /TOT AL
Rl 1 {0 ~ 64) BARE YRE
Rl 3 (o.5eo) DONNACH 1
Rl 6 ( 0 593) AYED
Rl 4 (0 54) DAVIES
Rl 7 (o.e5) ALMEHED
Rl 59) AYED
Rl ~ 62 ~ 06 CUTKOSKV
Rl 65 .02 HOEHLER
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVERAGE MEANINGLESS ( SCALE FACTOR = 1 ~ 0)
SEE THE NOTES ACCOMPANYING THE MASSES QUO

MORE INFORMATI CN GN THE INELASTIC DECAY MOD
BUMP g AS 5 EEN IN PRODUCT IQN EXP ER IMENT S, MAY

11/67
6/68
1/71
8/69
2/72

11/77
12/794
12/794

A3
A3
A3
A3
A3
A3
A3
A3
A3

'

A3
A3
A3

N&l/2 ( 1688) INTO
~ 035

+.017
~ 031
023
008
023

+ 021
(+.034)
+. 037

GAM Ng
e 049
~ 014.
~ 028
~ 005
~ 018
~ 003
001

010

HEL IC ITY= 1/2 ( GE V++-1/2)
DEVENISH 73 DPHA
MGORHGUS 73 DPWA
DEVENIS2 74 DPWA
KNIES 74 DPHA
METCALF 74 DP HA

NGGR HOUS 74 0 PHA
CRAWFORD 75 DPWA
BARBOUR 76 DP WA

BARBOUR 78 DPWA
~ »» e» e e» e

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

PI N

PI N

PI N

PI N

PI N

PI N

PI N

PI N

P I-N

PHOTO PROD
PHOTO-PROP
PHOTO-PROD
PHOTO PROD
PH OT 0-P ROD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD
PHOT 0-PROD

2/74
2/73
4/75
2/74
2/74
2/74
1/76
1 /76
3/ 79+
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S200 Particle Data Group: Review of particle properties

Baryons
N(~688), w(ivoo}

Data Card Listings
For notation, see key at front of Listings.

I+I/2 ( 16881 INTO
—» 018

005
—~ 021

~ 001
~ 00

041
—%015(- ~ 028)
—.038

A4
A4
A4
A4
A4
A4
A4
A4
A4
A4 5
A4 ~ ~ ~ ~ ~ ~ »

A4 AVERAGE MEANINGLESS

GAH Np

» 039
~ 018
~ 028.018
~ 030
004

~ 004

018
~ ~

( SCALE FAC TOR = 2 51

HEL I C ITY~3/2 (GEV&+-1/2)
DEVENI SH 73 DP WA

HOORHOUS 73 DP WA

DEVENIS2 74 DPWA
KNIES 74 DPWA
METCALF 74 DPWA
MOQRHGUS 74 DPWA
CRAWFORD 75 DPNA
BARBOUR 76 DPNA
BAiRBGUR 78 DP WA

PI N

PI N

P! N

PI N

PI N

PI
PI N

PI N

P I-N

PHOT Q PROD
PHOTO-PROD
PHOTO-PROD
PHOTO PROD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD
PHOT Q-PROD
PH OTG-PROD

2/74
2/73
4/75
2 /74
2/74
2/74
1/76
1/76
3 /79+

8
8
8

6
6

5

(1660 }
ALL LONGACRE77 PARAHETE
PQSI TIGN WHICH I 5 FROH

1690~ TO 1710
(1719» )
(1880. )

THE HIGH MASS FOUND BY
1670% 25 ~

1731» 15
( 1650. )

~ »» ~ »» ~ ~ ~

A VERAGE MEANINGLESS (SCALE FACTOR ~ 2 ~ 1 }

LONGACRE T7 I PWA P I N TO 2 PI N

RS ARE FROM SGLUT ION SZp EXCEPT FOR THE POLE
SGLUTI QNS Sl AND Cl %

BAKER 78 DPWA 0 PI- P TO K LAM
BARB QU R T8 DPWA P I-N PHOTO-PROD
BAKER 79 DPWA 0 PI- P TO ETA N

BAKER79 HAY BE INFLUENCED BY THE N( 2040)
CUTKOSKY 79 I PNA PI N TO PI N

HOEHLER 79 IPWA PI N TQ PI N

SAXCN 80 DPNA 0 P I- P TQ K LAM

1 1/77
11/77
11/77
3 /79+
3/79+

12/79'4
12/794
12/794
12 /794'
12/79+

BRANDSEN 65 PL 19 420
HEUSCH 66 PRL 17 1C19
TRI PP 67 NP B3 10

+QDQNNELLp MQGRHOUSE (DURHAHp RHEL) I JP
C A HEUSCH p C Y PRE SCGTTp R F DAS HEN ( C IT )
+ LEITH + (LRL SLAC CERN HEID SACLAY)

BAREYRE
DCNNACH 1

ALSO
ALSO

DUKE
RU SH

6& PR 165 1731
68 P L 26B 161
68 VIENNA 139
68 THES IS
68 PR 166 1448
68 PR 173 1776

P BAREYRE C BR ICHAN G VI LLET ( SAC l AY) I JP
A DGNNACHIEp R G KIRSOPPp C LQVELACE (CERN) IJP
DGNNAC HI E RAPPORTEUR 5 TALK (GLAS )
R G KIRSQPP (

EGIN�)

+ JONES pKEMPp MURPHY ~ THRESHER p + (RHELp CXF ) I J P
J E RUSH (UNIV ALABAMA)

p)lQQp{pQp{pQQ)fc p{c+QQ+4cgptpplp +++ p}'QQQ)}cQ

REFERENCES FOR N+1/2(1688)

SEE A PREVIOUS EDITION ( RHP 37p 633p 1965) FOR EARLI ER REFERENCES ~ 1
L

D

E
8

6

5

(90%)
(120 )
100~ OR

{100. )
(90 ~ )

(100» )
(600. }

70 ~ TG
( 126

{87» )
80»

110
(70. )

300

(25 ~ )

40
30.

DEANS
LANG BEI N

LQNGACRE
AYED
BAKER
BAKER
LONG ACRE
BAKER
BARBOUR
BAKER
CUTKOSKY
HOEHLER
SAXON

18 N+ 1/2( 17001 WIDTH (ME Y)

72 MP WA

73 I P NA

75 IPWA
76 IPWA
77 I PWA
77 DPWA
77 I PWA

78 DP WA

78 DPWA
79 DP WA

79 I PWA
79 I PNA
80 DP WA

G AM P-K LM pSOL D

PI N-K SIG pSOL 1
P I N TO ZPI N

0 PI — P TQ K LA M»

0 P I- P TO K LAH ~

PI N TO ZPI N

0 PI- P TO K LAH
P I-N PH GT G-PROD

0 PI — P TO ETA N

PI N TQ PI N

PI N TQ PI N

0 P I- P TQ K LAM

9/73
9/73

11/75
11/T7

1 /78
1/78

11/77
3/TM
3/79+

12 /79*
12 /79'4
12/794
12/794

BOTK E
DEANS

69 PR 180 1417
69 PR 185 1797

J C BQTKE
S DEANS p J WQGTEN

(UCSB)
(UNIV S FLORIDA)

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCAl E FACTOR = 1 0)
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ~

AYED 70 K IEV CONF
CARRERA S 70 NP 168 35.
CAVI ES 70 NP B21 359

R AYEDpP BAREYRE p G VI L{ET
B CARRERAS p A DQNNACHIE
A DA VI ES

( SACL) I JP
( DAR Ep M CHS )

( G LAS) 18 8+1/2( 1700) REAL PART OF POLE POSI TI QN ( ME V)

BRODY
WAGNER

71 PL 34B 253
71 NP B25 411

+CASHMQRE+ ~ ~ +HERNDQN+ ~ ,
F WAGNERp C LQVELACE

(SLAC+LRL )
(CERN)

RE
RE
RE

(1710»)
1616~ OR 1613~

( 1660~ )

LONG AC RE 75 I P NA

LONGACRE 77 IPWA
CUTKOSKY 79 I P WA

PI N TO ZPI N

P I N TO 2PI N

PI N TQ PI N

11/75
11/77
12/794

ALHEHED 72 NP B40 157
DEVENISH 73 PL 478 53
HEMM I 1 73 PL 438 f9
MGQRHOUS 73 P L 438

+LQVELACE {LUNDpRUTG}IJP
DEVENISHp RANK INp LYTH (LOUC+BQNN+I ANC ) I JP
HEMMI p I NAGAKI+ {KYOTO+S AGA+KEK+T OKY ) IJ P
MQORHDUSEp QBERLACK (GLAS+ LBL) I JP 18 N+I/2(1700) -2+IMAG PART OF POLE POSITION (MEV) 11/75

DEVENISH 74 NP B81 330
DEVENIS2 74 PL 528 227
KNI E 5 74 P RD 9 2680
METC AL F 74 NP 876 253
MGORHGUS 74 PRO 9 1

DEVENI SHpFRQGGATTp MARTI N(DE SYp NGRDITAp LGUC)
DEV ENISHp LYTHp RANKIN (DE SYp LANCp BONN) I JP
KNI E 5 p MGORHGUSE p OB ERLACK (LBLp GLAS ) I JP
N J HETCALF p R L WALKER (CIT) I JP
HQORHOUSEp OBERLACKp RQSENFELD ( GLAS+LBL) I JP

IM

IM

{607 )
577. OR 575 '
(76. )

LONGACRE 75 I PNA
LQ NGAC RE 77 I PWA
CUTKQSKY 79 I PMA

PI N TQ 2P I N

PI N TQ 2PI N

PI N TO PI N

11/75
11/77
12/79+

CRAWFORD
DEANS
KNAS El
KR I VETS

A{ SQ
LGNGACRE

ALSO

AY ED
BARBOUR
FELLER

75 NP 897 125
75 NP 896 90
75 PRD 11 1
75 SJNP 20 430
74 SJNP 19 112
75 PL 55B 415
78 PRD 17 1795

76 C EA-iN-192 1
76 NP 8 111 358
76 NP B104 219

R L CRAWFORD (G LAS) I JP
+MITCHELLp MONTGOMERY p+ (SFLAp ALABAHA ) I JP
+LINDQUI STp NELSON+ (CHICp WUSL p QSUp ANL) I JP
+HIRGS HNICHENKOp NIKI FQROVp SAN IN+ ( KIEV) I JP
KRI VETS pNI KIFGRQVp SANI N p SHALATSKI I ( KIEV ) I JP
+ROS ENF EL D p LA SIN SK I p SMAD JA+ {LB L p SLAC) I JP
LGNGACREpLAS INSKIp RQSENFELD+ (LBLp SLAC )

AY ED ( THES I 5 ) ( SACL) I JP
I ~ M. BARB OUR R L CR AW FORD (GLAS }IJP
+FUKUSHIMA p HGRI KA WA, KA J IKA WA+( NAGQYA+GSAKA) I JP

RER

IHR

(4 ~ )

(-.31

18 N41/2(1700) REAL PART OF ELASTIC POLE RESI DUE (MEY)

CUTKOSKY 79 IPWA P I N TO PI N

18 N+1/2{ 1700) IHAG PART OF ELASTIC POLE RESIDUE (MEY)

CUTKQSKY 79 I PNA P I N TQ P I N

12/794

12 /794

BAKER 79 NP 8156 93
CUTKQSKY 79 PRD 20 2839
HOEHLER 79 HANDBOOK OF PI -N

SA XQN 80 NP B162 522

AZNAURYA 77 EF I-264( 571-77
LQNGACRE 77 NP B122 493

ALSO 76 NP 8 108 365

BA RBQUR 78 NP 8141 253
NQVOSELL 78 NP 8 137 509

ALSO 78 NP 8137 445

+AKOPOV, BAGDASARYAN ( YEREVAN PHYSICS I NST. ) I JP
LQNGAC REp DGL BE AU ( SACL) I JP
DGLBEAUp TRIANTIS p NEV EUp CADI ET (S ACL ) I JP

BARBGURp CRAW FQRDp PAR SONS
D E ~ NOVO SE L LE R

0» E NQVDSELLER

(GLAS)
(CAL TECH) IJP
(CAL TECH) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

+BROWN pCLARKpDA VIE Sp DE PAGTERp EVANS+ ( R) EL }I JP
+FORSYTHp HENORICKp KELLY (CARN+LBL) I JP

SCATTERI NGp PHYSI K DATEN VOL. 12-1
+KAI SERpKQCHpPIETARINEN /KARLSRUHE I JP
+BAK ER p 8 EL L p BLDG DWORT H+ ( RHEL+BRI S ) I J P

Pl
P2
P3
P4
P5
Pb
PT
P8
P9
P10
Pll
P12

N41/2 ( 1700)
N&1/2 ( 1700)
N~l/2 (1700)
N&1/2. ( 1700)
N& 1/2 ( 1700 )
N&1/2( 1700)
Npil/2 ( 17001
N+I/2 (17001
N%1/2( 1 T001
N&1/ 2 ( 1700 )
Nol /2 ( 1700)
N&1/2(1700)

18 N+1/2( 1700) PARTIAL DECAY MODES

INTO PI N

INTO LAMBDA K

INTO GAH P p HELI CITY»-3/2
INTO GAiN P pHELI CITY=1/2
INTO GAH Np HELICITY=3/2
INTO GAM Np HELICITY=l/2
INTO K SIGNA
I NTO N EPSILON
INTO N+3/2(1232) PI S-WAVE
INTO N&3/2( 1232) PI D-WAVE
INTO N RHG S 3/2p S-NAVE
INTO ETA N

DEC AY HA SSE5
139+ 938

1115+ 497
0+ 938
0+ 938
0+ 939
0+ 939

493+1189
938+1300

1232+ 139
1232+ 139
93 8+ 776
939+ 548

CROUCH
DERADO
DUKE
MERLO
ROBERTS
BANNER

THE
BAREYRE
DEANS
DQNNACHI
AYED
BAKER
MINN IK

65 0ESY C CNF I I 2 1
65 ATHENS CONF 244
65 P RL 15 468
66 P RQY SOC 289 489
67 PREP R INT
68 PR 166 134T
ABOYE PAPERS DI SCUSS
65 PL 18 342
69 PRL 177 2623
69 NP 10B 433
70 PL 318 598
77 NP 8126 465
77 NP 8128 66

+ ( 8 RGNN p C EA p HAR VAR 0 p M IT p PAD QV A p WE I ZH ANN )
+KENNEYpLAHSAp + ( NOTRE DAME p KENTUCKY )
+JONES pKEMPp MURPHYp PRENTICE p + (RHELp QXF ) I JP
J P HERLOp G YALl ADAS ( SACLAY }
R G ROBERTS ( DURHAM)
+DETOEUFp FAYOUXp HAMEL p + (SACLAYp CAEN)
INELASTIC CHANNELS NEAR THE BUMP»
+ BRICMANp STIRLING p VI LLET ( SACLAY I I JP
S R DEANS (UN IY 5 FLGR IDA )
A DONNACHI E p R KI RSOPP {GLAS+EDIN)
+BAREY RE+V ILL ET ( SAC LAY}
+BLI SSETp BLQQDWQRTHp BRGCME, HART+ (RHEL }I JP
+TOAFF p REVEL p GQLDB ERG p BERNY (HAI F) I

Rl
Rl

R2
R2
R2
R2

R3
R3
R3
R3
R3
R3

18 Nw 1/2( 1700) BRANCHING RATIOS

Npi:I/2 (17001 FROM GAMHA PROTON TO K LAMBDA SQRT ( (P3+P4) +PZ)
( ~ 0077) DEANS 72 MPWA GAM P-K LMpSOL D

Npi'1/2 ( 17001 INTO PI N/TOTAL
( ~ 09)

10 02
~ 08 ~ 03

AYED
CUTKOSKY
HOEHLER

(Pl)
76 IP NA

79 IPWA P I N TO PI N
79 IPWA PI N TQ Pi N

~ %» ~ ~ ~ ~ » ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0}

N&1/2(17001 FRQH PI N TQ K SIGMA S QRT {Pl&PT)
1 ( 10) LANGBEIN 73 IPNA PI N-K SIGpSOL 1

2 L ESS THAN ~ 017 DEANS 75 DP WA P I N TO K SIGMA
2 RANGE GIVEN I 5 FROM FOUR BEST SOLUTIONS

9/73
9/73

9/73
9/73

11/75
11/75

ll/77
12/794
12/794

N($700) 18 N»1/2(17DO JP 3/2-l I 1/2

18 N41/2 (1700 ) MASS (MEV 1

R4
R4
R4
R4
R4
R4
R4
R4
R4

D

E
9

9
5
5

N+1/2 {1700) FRQH PI N TG K LAMBDA
+ ~ 026 ~ 019 DE VENI SH(- ~ 03) (»004) BAKER(-~ 03) BAKER

04) BA KER
THE (UNDETERHINED) OVERALL PHASE OF ALL
HAS BEEN CHANGED TG AGREE WITH PREVI QUS(- ~ 012 ) SA XGN
SUPER SEDES BAKER 78

SQRT (P 1+PZ)
74 0 F IX ED T DISP REL
77 IPWA 0 PI- P TO K LAH.
77 DPWA 0 PI- P TQ K LAM
78 DPNA 0 PI- P TQ K LAH
COUPL INGS FROM BAKER78
CONVENTIONS ~

80 DPWA 0 PI- P TO K LAM

4/75
4/75
1/78
1/78
3/ 79p)'
3/79
3/79pp'

12/79~
12/79+

H 3
M 3
M 3
M A

M A

M 1
M

M 1
M

M L
M L
M

M D

M E
M 0
M E

(1 730 ~ 1 DQNNACH2 68 RVUE P HA S SHIFT-CE RNl
(1680 ) KIRSQPP 68 RYUE P HASE SHIFT ANAL

WHERE HAX ~ ABSORPT IQN IS -DONNACH1 r 2 p KIRSOPP EYEBALL F IT CERN 1
(1780 0) WAGNER 71 IP NA P I-P TO K LA MB

D13 RE SONATES ONLY I N ONE OUT GF 3 PGSS I BLE SQL
(1670 ~ } DEANS 72 HPNA GAM P-K LMpSOL D
(1790 LANGBEIN 73 IPNA P I N-K S IGpSOL 1

NOT S EEN IN SOLU T I GN 2 OF LANGBE I'N 73
DEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA GF
MINN I K77 A ROUND 1920 ME V

1710~ OR 1710~ LQNGACRE 75 IPNA Pi N TQ 2PI N

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75
(1710 ) AYED 76 I P WA

(1670~ ) ( 10 ) BAKER 7T IPWA 0 P I- P TO K LAH.
( 1690 ) BAKER 77 DPNA 0 P I- P TO K LAM,

THE TNQ ENTRIES FOR BAKER 77 ARE FOR AN IPNA USING THE BARRELET
ZERO HE THOD AND A CONVENTIONAL ENERGY-DE PENDENT ANAL YS IS ~

10/69
10/69
10/69

1/71

9/73
9/ 73
9/73
1/78
1/78

11/75
ll/75
11/77

1/78
1/78
1/78
1/78

R5
R5
R5

R6
R6
R6

R7
R7
R7

N&1/2{1700)
L (-.2)

8 ( 00

N41/2( 17001
L (+ ~ 15

8 ( 00

Np)'I /2 ( 1700)
L ( —~ 10

8 (+.12

FROM PI N TG N EPSILON SQRT ( Pip)'PB)
OR —~ 2 LQNGACRE 75 I PWA P I. N TO ZP I N

) LGNGACRE 77 IPWA PI N TG 2P I N

FROM PI N TQ N'3/2(1232) PI p S-WAVE SQRT (Pl+P9 )
)OR + 16 LQNGACRE 75 IP WA P I N TG 2PI N

1 LONGACRE T7 IPNA P I N TQ 2P I N

FROM PI N TQ N+3/2(1232) PI D-WAVE SQRT(P I+P10)
) OR —~ 14 LONGACRE 75 I P'WA P I N TQ 2P I N

) LONGACRE 77 IPWA P I N TO 2P I N

11/75
11/75
11/77

11/75
11/75
11/'77

1 1/75
11/75
11/77
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Particle Data Group: Review of particle properties S201

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(~voo)

RB N&a/2 ( 1700 ) FROM PI N' TO N RHG~ S=3/2q 5-NAVE sQRT(p j&pja )
R8 L (0 } QR (- ~ 07) LONGACRE 75 IPHA Pl N TQ 2P I N

RS 8 t+ ~ 07 ) LONGACRE 77 IPWA PI N TO 2PI N

11/75
11/75
11/77 iVOO MKV REGION —PRODUCTION EXPERIMENTS

R9
R9

N+j/2( 1700} FROM PI N TG ETA N

( ~ 065} BAKER
SQRT ( Pa+P12 )

79 DPHA 0 PI — P TQ ETA N

12/79+
12 /794 20 N'«I/2(1700t JP= ) 1~1/2 PRODUCTION EXPERIMENTS

N+ I/2( 1700) I NTG GAM P»
103 ~ 130

-% 048 ~ 050
-» 015 ~ 040

~ 0 %034
( ~ 023)
—~ 012 ~ 010

f- ~ 005}
—~ 01 4. % 025
+ 078 008
+ ~ 03 8 005
—~ 033 ~ 021

SUPE R SEDES BARBOUR 76 ~

Al
A},
Al
A},
Al
Al
Al
Al
Al

- Al
Al
Al 4
Al 4
Al ~ ~ ~ ~ ~ ~ ~ ~ ~

Al AVERAGE MEANINGLESS ( SCALE

HELICITY=1/2 (GEV++-I/2)
DEVENI SH 73 DP WA

DEVENIS2 74 DPNA
KNIES 74 DPWA
METCALF 74 DP HA

MQGRHGUS 74 DPWA
CRAWFORD 75 DP WA

BARBOUR 76 DP WA

FELLER 76 DPHA
AZNAURYAN 77 DPHA
AZNAURYAN 77 DPWA
BARBOUR 78 DPWA

FACTOR = 4 1 )

P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PH OTO-P RQD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I 0 PHTPRDpSOL 1
P IO PHTPRD ~ SQL 2
P I-N PHOTO-PROD

2 /74
4/75
2/74
2/74
2/74
1/76
1/76
2/77

a 2/79+
12/794
3/79+
3/79+

NAa/2(1700) INTO
~ 055

-» 006
030

~ 0
035}

—~ 012
f - ~ 009)

0
—~ 066
—~ 048
-% 014

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2 4
A2 ~ ~ % % ~ ~ ~

A2 AVERAGE M EAN INGLE SS

GAM P»
~ 065
»014
~ 040
029

~ 010

%014
~ 007
~ 007
~ 025

(SCALE

HEL IC ITY=3/2 t GEV++- I/2)
QEVENISH 73 DPHA
DE VE NI S2 74 D P WA

KNI ES 74 DP WA

METCALF 74 DPHA
MQORHOUS 74 DP WA

CRAWFORD 75 DPWA
BARBOUR 76 DPNA
F ELI ER 76 DP WA

AZNAURYAN 77 DPWA
AZNAURYAN 77 DPWA
BARBOUR 78 DPWA

FACTOR »' F 6}

P I N PHOTO PROD
P I N PHOT G-P ROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P Io' PHT PRDg SQL 1
P I 0 PHTPRD eSQL 2
P I-N PHOTO-PROD

2/74
4/75
2/74
2/74
2 /74
1/76
1/76
2/77

12/79+
1 2 /794'
3/79+

N+I/2 ( 1700 I I NTO
013

—~ 021
—»036

~ 0(- 015 }
+ ~ 081

(+.017 )
+ ~ 050

A3
A3
A3
A3
A3
A3
A3
A3
A3 4
A3 ~ ~ ~ ~ ~ ~ ~

A3 AVERAGE MEANINGLESS

N+ I/2 ( 1700) INTO
—~ 088
-% 026

~ 024
0

( ~ 028)
+.107

(+ 022}
+.035

A4
A4
A4
A4
A4
A4
A4
A4
A4
A4 ~ ~ ~ ~ \ ~

A4 AVERAGE MEAN IN GLESS

GAM N»

~ 222
~ 098
%040
~ 034

~ 015

~ 042

HEL IC ITY= 1/2 ( GE V++- 1/2)
DE VENI SH 73 DPWA
DE VENI 52 74 0PHA
KNIES 74 DPHA
METCALF 74 DPWA
MQGRHGUS 74 DP HA

CRAWFORD 75 DPNA
BA RB OUR 76 DP WA

BARBOUR 78 DP HA

~ ~

(SCAL E FACTOR = 1 ~ 9)

GAM Ny
087

% 067
~ 024
~ 044

025

~ 030

HEL IC I TY=3/2 f GE V44- I/2)
DEVENISH 73 DPWA
DEVE NI S2 74 DPWA
KNIE 5 74 DP HA

METCALF 74 DP NA
MQGRHGUS 74 DP WA

CRAW FORD 75 DP WA

BA RBOUR 76 0PNA
BARBOUR 78 DPWA

~ ~

( SCALE FACTOR = 1 5)

PI N

PI N

PI N

PI N

PI N

PI N

PI N

P I-N

PI N

PI
PI N

PI N

PI N

PI N

PI N

P I-N

PHOTO PROD
PH QT 0-PROD
PHOTO PROD
PHOTO-PROD
PHOTO PROD
PHOTO-P RQ D
PHOTO-PROD
PHOTO-PROD

PHOTO PROD
PHOT G-P RQD
PHOTO PROD
PHOTO-PROD
PHOTO PROD
PHOTO-PROD
PHQTO-PRQ 0
PHOTO-PROD

2/74
4/75
2/74
2/74
2/74
1/76
1/76
3/79+

2/74
4/75
2 /74
2/74
2/74
1 /76
1/76
3/79+

DONNACH2 68
K I R SOPP 68
HAGNER 71
DEANS 72
DE VENI SH 73
I ANGBEIN 73

VIENNA 139
THESIS
NP 825 411
P RD 6 1906
PL 478 53
NP 853 251

REFERENCES FOR M+1/2 t 1700)

DGNNACHIE RAPPORTEUR»S TALK ( G LAS)
R G KI RSGPP ( EOIN)
F WAGNER» C LGVELACE (CERN)
DEANS t JACOBS g LYONS t MONTGOMERY (SOUTH FLA ~ ) IJP
DEVENI SHyRANKI Ny LYTH (LGUC+BQNN+LANC ) IJ P
LANGBE INy WAGNER ( MUNICH }I JP

DEVEN ISH 74 NP 881 330
DEVENIS2 74 PL 528 227
KN I E S 74 P RD 9 2680
METC ALF 74 NP 876 253
MOQRHQU S 74 P RD 9 1

DEVENI SH» F RQGGATT» MARTI N(DE SY» NORD ITA» LCUC)
DEV EN I S Ht L YT Hy RANK IN (DE SY» LANC» BONN) I J P
KNI E St MQORHQUSE gOBERLAC K ( LBL» GLAS ) IJP

J METCALFg R L WALKER (CIT) I JP
MQQRHOUSE» GBERLACK»ROSENFELD ( GLAS+LBL ) I JP

18 N+ 1/2( 1700) PHOTON DECAY AMPL (GEV++- I/2 )

FOR DEF INI TIQN OF GAMMA-NUCLEON DECAY AMPLITUDES' SEE MINI-
REV IEW PRECEDING THE BARYON LISTINGS ~

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

SEE THE MINI-REVIEW PRECEDING THE N AND DELTA LI STINGS
FOR DI SCUSSIQN OF PRODUCTION EXPERIMENTS

20 N&1/2t 1700) MASS t MEV) (PROD EXP ~ )

(1695»0) (9 ~ 0) A-BORELLI 67 HBC + PBAR P 5%7 BEV/C
(1734 0) f 21 0 ) ALMEIDA 68 HBC + PP 10 BEV/C
( 1730~ 0) ( 18~ 0) GAi LQHAY 68 HBC Pl-P 6 GEV/C
(1712 0) (6 ~ 0 ) BARNES 69 HBC K-P TG K-P 2PI
I JP CON SI STENT hITH Sll (1650) GR Pal (1710) IN FORMATION

1
1
A

A

8
8

A

A

C
C

2
2

3

5
5
4
4
4

F
F
F

0 P I-D 2 26 GEV

PP 22 GEV/C

+
+
+

P P AT 24 GEV+- PI+-P AT 16GEV
+ PI- P 4 45GEV/C

(1667 ~ 0} (5 ~ 0) BENVENUT I 69 DSC
J CGNSI STENT WITH 5/2 GR 7/2

190( 1693~ ) ( 15% ) RHODE 69 HBC
J P IS PRO BA BLY 5/2+

(1691% I (4 ~ ) ANDERSON 70 MMS
177(1710 ) (10 ' ) CIRBA 70 HBC
40(1763~ ) (25 ~ ) COOPER 70 HBC

505(1730 0) f 15' 0) CRENNELL 70 HBC
60 (1710~ ) KUZNE TSOV 70 HL Bc

(1719 0} (6 0) WI LLMANN 70 HBC
J CONSISTENT WITH 5/2 OR 7/2

(1694~ 0) (8 ~ 0 ) AMALDI 71 SAS
(1730 ) ( 20 I BA LLAM 71 HSC
(1700 ) BEKETGV 71 HBC

P I- P TQ P I- MMS
P I+ P TO P+3P I
LAMB K PROD
PI-P» PI+P 6 GEV
ILAMB ~ K PROD»
P I+P 13 ~ GEV

PP»PI-Py K-P PROD( 3. 711 ) ( 10~ ) BQESEBEC 71 RVUE
MMS PP 3 7 GEVIC( 1672 ' 0} t4 ~ 0) ELLIS 71 CNTR

+ P P TQ P N PI
+ P I-P 25 GEV/C
+0 P I-P 7 GE V/C
+ PP TG P2 PI 16GEV
+ PP 6 TO 30 GEV
+ P 0--PD2 PI 7 GEV
+ PI+-P STQ18 GEV

SO(165O. O) (lO. O} BO/12O MA 71 HBC
(1700~ 0) ( 10~ 0) MORSE 71 HSC
1670 T 0 1730~ MORSE 71 HBC

(1720 ) (20 RUSHBROQKE71 HSC
t 1690 3} (4 ~ 5 ) EDELSTEIN 72 MM S
( 1668~ ol ( 19~ 0) 24/45 KARSHQN 72 DBC
(1715~ 0) (5 0 ) LAMSA 72 HBC

ANALYSIS GIVES JP ~ 5/2+
(1660~ ) ( 15~ OH 72 DBC

DETERMINE J~5/21 F15 PROBASL E
0 PI-N TO Pl-PI-P

( 1720~ ) (15~ ) RGNAT 72 H BC P I+P TQ 3P I P
(1820 I DAVIDSON 74 HBC + PI-P TQ PI — QM P

OMEGA PROTON ENHANCEMENTS MOMENTS ANALYS IS CONSISTENT HI TH 2J~1 OR 3
(1732 ) (7 ) LICHTMAN 74 HBC + PI+P TO 3PI P
(1694~ ) (10 ) LICHTMAN 74 .HBC + PI-P TO 3PI P
f 1810.) (15 ) ATHERTO2 75 HBC PBAR P 5 ~ 7 GEV

OMEGA PROTON ENHANCEMENT» MOMENTS ANAl YSIS CONSISTENT WITH S STATE~
(1700~ ) BLQBEL 75 HBC + PP TQ P(PI+PI-P)

PHA INDICATES Pl+PI-P ENHANCEMENT IS PRIMARILY A

P-WAVE P EPSILON SYSTEM WITH I g JP=1/2 ~ 3/2- ~

1660 TQ 1670' BRAUN1 75 HBC PBAR P 5 7 GEV
+ PP TQ 2N+»k=23GV
+ P P TO 2N+e N=31GV
+ PP TQ 2N»}'» W=53GV

K+ P TQ K PI N

NBAR (N P I )
+ P P TOP N+

PBAR P 5»7 GEV
+ P P TQ P (P PIO I
+ P P TO P (NPI+)
+ K-P TG K- N++

0 K-P TQ KOBAR N+0
0 P I-P 9t 12 GE V/C

(1691 ) ( 11 ) CA VALL I 75 SP EC
(1691~ ) (8 } CAVALL I 75 SP EC
(1715% ) (10~ ) CA VALL I 75 S P EC
(1686 ~ ) ( 12 ~ ) MUSGRAVE 75 HBC
( 1650 ) STRACHMA 75 BC
(1678 ' ) (4») WEBB 75 ISR
(1691 ' ) (4 ' } ATHERTON 76 HBC
(1680~ ) (25 ~ ) APPLE 77 SPEC
(1660 ) (20 ~ ) APPLE 77 SPEC
(1690 ) (10 ) HE INEN 77 HBC
(1670 ) ( 10» ) HE I NE N 77 HBC

G (1677~ ) ( 2 ~ ) ROUGE 77 OMEG
G BACKHARD PRODUCTION ~ PI- P --& (P Pl-) PIO ~ CONSISTENT HITH JP=5/2+

+ P HE--P PI PI HE
0 PI-P 9» 12 GEV/C

+ P I-P 9y 12 GE V/C

(1710 ' ) (20 ' ) EKELGF 78 SPEC
H 2» 5K( 1680~ ) (3 ~ ) FERRER 78 OMEG
H BACKWARD PRODUCTION ~ P I- P --& ( P PI-) PI+ PI—
I 185(1664» ) (15 ~ ) FERRER 78 OMEG

JP=5/2- FAVORED ~

+ PI+P TG LAM K Pl
+ K-P TQ K- N++

SHAPE OF

I BACKWARD PRGDUCTIGN PI- P —& ( P PI+ PI-) Pl-»
50(1714.) t 25 ~ ) GQODARD 78 HBC

( 1670 I OTTER 78 HBC
FROM PARTIAL HAVE ANALYSIS OF P PI+ PI- SYSTEM
5/2-D(DELTA PI) WAVE IS COMPATIBLE WITH A BREIT-HIGNER ~

410(1690 ) . (6» } APELDQORN 79 HBC +- P BAR P 7 ~ 2 GEV/C

8/67
9/69
8/69
7/70

5/70

10/69

2/7 1
2/71
2/71
1/71
2/71
5/70

10/7 3.

2/72
3/72
3/72

10/71
10/71
3/72
3/72
2/72
1 /73

12/72
1/73

2/73
2/73
2/73

10/74
10/74
4/75
4/75
2/77

' 2/77
1/76
1/76
1 /76

aa/75
1/76
1/76
1/76

11/75
1/76
1/76
2/77
1/78
1/78
1/78
1 /78
1/78

1 /78
3/7M

3/7M

3/79*
1/78
1/78
3. /78

12/794

CRA WFORD 75 NP 897 125
DE AN S 75 NP 896 90
LQNGACRE 75 PL 558 415

AL SQ 78 P RD 17 1795

AYED 76 C EA-N-192 1
BA RBGUR 76 NP 8111 358
FELLER 76 NP B104 219

AZNAURYA 77 EFI-264(57)-77
BAKER 77 NP 8 126 365
LONG ACR E 77 NP 8 12 2 493

ALSO 76 NP 83 08 365

R L CRAHFQRD (GLAS) IJP
+MITCHELL' MONTGOMERY»+ (SFLA»ALABAMAIIJP
+ROS ENF EL Dp L AS IN SK Iy SM ADJ A+ ( LBLy SLAC ) I JP
LONG ACRE» L AS INSKI » RGSENFELD+ ( LBL» S LAC I

AYED ( THESIS I t SACL ) IJP
I ~ M ~ BARBOUR R L CRAWFORD (GLAS I I JP
+FUKUSHI MA gHQRI KAHAt KA J IKAW A+ ( NAGOYA+GSAK A ) IJ P

+AKQPQVgBAGDASARYAN (YEREVAN PHYSICS INST»l I JP
+BLI SSET»BLGQDWQRTH»BRQCME»HART+ (RHEL3 IJP
LONGACR Ee DOL 8 EAU (SACL) I JP
DQL8 EAU» TR I ANTI S» NEV EU p CADI ET (SACL ) I JP

BAKE R 78 NP 8 141 29
BARBOUR 78 NP 8 14 1 253

+BLI SSETy BLOQDHQRTHy BRGGME+
BARBOUR»CRAWFORD» PARSONS

(RL+CAMB) I JP
t GLAS I

HERNDON 72 LBL ).065 + ~ ~ ~ RQ SE NF ELD ~ ~ ~ +CASHM0 RE+ ~ ~ ~ ( LB L» S L AC )
Wl NNIK 77 NP 8128 66 +TOAFF gREVEL gGQLDSERGg BERNY I HAIF) I

BAKE R 79 NP 8156 93 +BROWN»CLARKtDAVIES» DEPAGTER» EVANS+ (RI-.EL ) IJP
CUTKQSKY 79 PRO 20 2839 +FOR SYTH sHENDRI C K» KE LLY (CAR N+LBL ) I JP
HQEHLER 79 HANDSGGK QF Pl-N SCATT ERING PHYS IK OATEN VQL 12-1

+KAI SERy KOCHg PI ETARINEN /KARLS RUHE I JP
SAXON 80 NP 8162 522 +BAK ER y BELLg 8LI SSETTy BLQQDHORTH+(RHEL+BRI S) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

W

H

W

H

N

W

W

W

H

H

H

W

H

H

H

H

H

W

H

W

H

W

W

H

H

H

H

W

H

H

H

W

H

1
A

8 1

1

5

A

2

3

5

(70 0)
(140 ' 0}

f 55 ~ 0)
(70 ~ 0)
( 105 0)

90 (235. )
( 130~ )

77 (66
f 102

05 ( 130 0)
60 (220 )

t 63 ~ 0)
(152~ 0)
(120%)

(57% )
( 102 0)

80 (94% 0)
f 70» I
70 ~ TO

(120 )
( 133~ 0)
'tl68 ~ 0)

( 80% 0)
(128~ )

t60 ~ )
(157 )
(120 I

f 34. )
(48» I
(87 )

( 140 ~ )
(188~ )
( 133
(100 ' )
(135 ' )
(148 ' )
(194» I

20 N+1/2(

(20 ' 0)
(57 ~ 0)
(15' 0)
(15~ 0)
( lb. 0)
(50 ~ }(10.)
(26 )
(40 ~ )
(30»0)

(12 0)
( 15~ 0)
(50 }
(15~ }

(9 0)
(20 ~ 0)
(20, }
120 ~

(40 ~ )
(26 ' 0)
(64 0)

A PPROX ~

40 '
(40 ' )
f12 )

(14%)
(20 ~ }
(20 ~ )

(112»}
(38 '}
(10 ~ )
(20 }
(16 )
flo» }

A-BQRELLI 67
ALME IDA 68
GALLOWAY 68
BARNES 69
BE NVENUT I 69
RHODE 69
ANDERSON 70
C IRBA 70
COOPER 70
CRENNELL 70
KUZNETSQV 70
HILLMANN 70
AMALDI 71
BALL AM 71
BOESEBEC 71
ELLIS 71

80/120 MA 71
MORSE 71
MORSE 71
RUSHBROQKE71
EOEL STEI N 72
KARSHGN 72
LAMSA 72
OH 72
RGNAT 72
ABE 74
DAV I DSQN 74
LI CHTMAN 74
L I CH THAN 74
ATHE RT Q2 75
8RAUN 1 75
CAVALL I 75
CA VALLI 75
CAV ALL I 75
MU SG RA VE 75
WEBB 75
ATHERTGN 76

HBC
HBC
HBC
HBC
DBC
HBC
MMS
HBC
HBC
HSC
HLBC
HBC
SAS
HBC
RVUE
CNTR
HSC
HBC
HBC
HBC
MMS
DBC
HBC
DBC

HBC

HBC
HBC
HBC
HBC
HBC
SP EC
SPEC
SP Ec
HSC
I SR
HSC

1700) WIDTH (MEV)

(PROOFS

EXP

+
+
+

+

+-

+
+
+0
+
+
+

0

+
+

+
+

+
+
+

+

K-P TG K-P 2PI

P P 22 GEV/C
P I-' P TO PI- MMS
P I+ P AT 5 GEV/C
P I+P g 5.5 GEV/C

P I-P ~ 4 GE V/C

P P AT 24 GEV
P I+-P A T 16GE V

P P» P I~P» K-P PROD
MMS PP 3 7 GE V/C
P P TG P N PI
P I-P 25 GEV/C
P I-P 7 GE V/C
PP TO P2P I 16GEV
PP 6 TQ 30 GEV
P D--PD2P I 7 GEV
P I P 18 ~ 5 GEV/C
P I-N TO P'I-PI -P
PI+P TQ 3PI P
P+P-& P+X» JCBN PK
P I-P TO PI- OM P
PI+P TQ 3P I P
P I-P TO 3P I P
P BAR P 5%7 GEV
PBAR .P 5%7 GEV
PP TG 2N+g H=23GV
PP TG 2N+ 1 N=3 jGV
PP TO 2N+y H 53GV
K+ P TG K PI N

P P TO P N+
PSAR P 5 ' 7 GEV

9/69
9/69
8/69
7/70
5/70

10/69
2/71
2/71
2/71
1/71
2/71
5/70

10/71
2/72
3/72

10/71
10/7 1
3/72
3/72
2/72
1/73

12/72
12/72
2/73
2/73
4/75

10/74
4/75
4/75
2/77

ll/75
1/76
1/76
1/76

ll/75
1/76
2/77
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S202 Particle Data Group: Review of particle properties

Qaryons
N{1700), N {1710)

Data Card Listings
I or notation, see key at front of Listings.

W

H G

W

H H 2 ' 5K
H I 185
H 50
H F
W 410

SEE

(150
( 150
( 120 ~

(90
( 130~

{200.
(121
(121
{208
{ 150 ~

{120 ~

THE N

} {
)
)
)
)
)
)
)
)
)
)
GTES

100. )
(70 )
( 2{)~ )
(30. )

(6 ' )

(7 )
t 23
(50 )

( 10 ~ )
ACCOMPANYING

APP{ E 77
APPL E 77
HE INEN 77
HE INEN 77
RGUG E 77
EKELQF 78
FERRER 78
F ERRER 78
GQDOARD 78
OTTER 78
APELDGGRN 79

THE HASSES QUOTE

SPEC +
SPEC +
HBC +
HBC 0
OMEG 0
SPEC +
GMEG 0
OMEG +
HBC +
HBC +
HBC +-

D

P P TO P (P PIO)
P P TO P (N PI+)
K-P TO K- N¹+'
K-P TO KOBAR N¹ 0
P I-P 9 t 12 GEV/C
P HE--P PI PI HE
P I-P 9t 12 GEV/C
PI-P 9tlZ GEV/C
P I+P TO LAN K PI
K-P T 0 K- N¹+
PBAR P 7 2 GEV/C

20 N¹1/2( 1700) PARTIAL DECAY MODES ( PROD EXP. }

1/78
1/78
1/78
1 /78
1/78
1/78
3/79¹
3/79¹
3/79¹
1/78

12/79¹

ANAL DI
BALLAH
BEKETOV
BO ES EBEC
ELLIS
MA

MORS E
RU SHBRGO

EDELSTE I
JOHNSTAD
KA RS HGN
LA MSA
OH

RC NAT

72 PR
72 NP
72 NP
72 NP
72 PL
72 NP

05 1073
B42 588
B37 371
837 364
42 B 497
838 20

71 PL 34B 435
7 1 PR D4 1946
71 5 JNP 13 605
71 NP 833 445
71 P RL 27 442
71 PRL 26 333
71 PR D4 133
71 PR 04 3273

+BIANCASTELLI r BGSIGr+ (I SANITA ROMA+CERN )
+CHADWICK r GUIRAGOSSI ANt JOHNSON r++ ( 5 LAC) I

ZOMBKOVSKI I KONGVALOV KRUCHIN IN ++ l ITEP) I J
BOESEBECKr GRAESSLERt KRAUSt+++ (ABBCHLV ) I
+MAGL ICHr NORFMr SANNE S r S ILVERHAN ( RUTG)
+CQLTON (MSU+LBL }I
+OH t HALKERr CARROLL r LYNCH + (WI SC+ TNTQ) I
RUSHBRGOKEr W ILL I AH S+BAR EFGRD++ f CAVE r LGIC ) I J

EDELST EINr CARR IGANr HI ENr HCMAHCINr +( CARN+BNL )
+HOLI E RUG+. ~ .+JACOBS EN{ BOHR, HELS, OSLOr STOH) IJP
+YEKUTIEL I t YAFFEt SHAPIRA r RONAT t+ (REHO) I
+WILLMANN+»+GGr BISH AS+ ~ ~ (PURDr NDAN ) IJP
+F UNG t KERNAN r POE t SCH ALK t SHEN ( VCR} I JP
+E IS EN BERGr LYONS r S HAP IR At TOAFF+ ( R EHO)

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pll

N¹1/ 2
N¹ 1/2
N ¹1/2
N&1/2
N¹1/2
N&1/2
N¹l/2
N¹1/2
N¹1/2
N¹l/2
N¹1/2

(1700}
( 1700)
( 1700 )
(1700)
( 1700)
{1700 )
( 1700)
( 1700 )
( 1700)
( 1700)
(1700)

CANTO

P I N

I NTQ N PI PI
INTO N¹3/2{ 1232) P I

+ I NTO NEUTRON P I+
+ I NTO P RQTON PI+ PI-
+ INTO N&3/2(1232)++ P I-

INTO N ETA
INTO LAMBDA K

INTO SIGHA K
INTO OMEGA PROTON
INTO RHGO PROTON

DECAY MASSES
139+ 938
93 8+ 139+ 139

123 2+ 139
939+ 139
938+ 139+ 139

1232+ 139
939+ 548

1115+ 497
1189+ 493

782+ 938
776+ 938

ABE 74 PL 538 114
DA VID50N 74 PRL 32 855
L ICHTMAN 74 NP 881 3 1

ATHERT02
BLOB EL
BRAUN 1
CA VA LL I

ALSO
MU SG RA V E
STRACHNA
WEBB

ALSO

75 NC 30A
75 NP B97
75 NP B95
75 LNC 14
75 LNC 14
75 NP B87
75 NP 898
75 PL 558
75 PL 558

505
201
481
353
345+359
365
120
331
336

ATHERTON 76 NP 8 103 381
BAKSAY 76 . PL bl 8 405

+ALSPECTORr BGMBEROWI TZ+ (RUTGr UPNJ ~ FSU)
DAVI DSGNrDZI ERBAr F IRESTGNEt+ {CIT+BNL+LBL ) I
4 I CHTI'lAN t BI SWASr CASQNrKENNEYr MCGAHAN+( NDAM) I

ATHERTGNtBAR-NIRtFRENCHrSKURA+ (CERN+PRAG)
+ESKREYS r FES EF EL DTr FRAN Z+ ( BI3NN+HAMB+MPI M } I JP
+GERBER, NAURER, MI CHALGN, SCHIBY+ (STRB, LPNP ) I
CAVALL I-SFORZA, CONTA+ ( PA VI A+ PRI N }
CAVALLI-SFGRZAr CONTA+ (PAV IA+PRIN )
+PE E TE RS r 5CR Ej NE R t WH I T MORE t YUT A (ANL}
STRACHMANr BRAUNr GERBER ~ MAUR ER+ ( LPNP+STRB ) I
+TRI LLI NG, TELEGDI+ (AACH+UCLA+UCR+CERN )
+TRILL INGt TELEGDI+ (AACH+UCLA+UCR+C ERN)

ATHiERT ONr F RENCH t SKUR A t 8QHN+ ( C E RN+ P RAG )
+BOHMr CHANGr ELLI St FOETH+ ( AACH+UCR+CERN } I

Rl
Rl
Rl A

20 N¹ 1/2( 1700) BRANCHING RATI GS l PROD ~ EXP )

N¹1/2{ 1700) INTO (P I N) /{ PI N&3/2 (1232) ) ( Pl ) / (P3 )
(0 ~ 77) OR LESS {EE 67 HBC PI-P 3 ~ 6 GEV/C 11/67
(9 ~ 0) OR MORE BENV ENUT I 69 DB C 0 5/70

APPLE
HE INEN
ROUG E

77 LNC 18 167
77 NP 8122 443
77 PL 698 115

+ASHrCHENGrCQYNE, GROSSMAN+ (PRIN+PA VIA)
+ENGELENr KITTEL, METZGER+ (NI JH+AHST+CERN ) I JP
+DE RGSNYr FLEURY r RIVET+ (LPNP+CDEF+LALG) I JP

R2
R2
R2

R3
R3
R3
R3

N¹1/2 ( 1700) INTO t N ETA)/(N P I + N PI P I ) t P7) i(P 1+P2)
(0 ~ 025)OR LESS KRAEMER 64 DBC + P I+0 1.2
(0 ~ 042)OR LESS CL=»95 A-BORELL I 67 HBC + PBAR P 5.7 BEV/C 9/69

N¹1/2 t 1700 ) INTO ( LAMBDA K) /( P PI+ PI —) (PS) /(P5)
(0 ~ 034) OR LESS ALEXANDER 67 HBC + P P 5 5 BEY/C 11/67
(0~ 07) OR LESS CL ~ 95 CI RBA 70 HBC P I+P AT 5 GEV/C 2/71
(0 ~ 01 ) BAKS AY 76 I SR + P P--N¹P 1/78

EKELOF
FERRER
GODDARD

ALSO
OTTER
AP EL DOOR

78 NP
78 NP
78 NP
78 NP
78 NP
79 NP

B 132 212
B142 77
8134 49
8 138 265
8139 365
B 156 111

+HER Z ~ HAGBERGr KUL LANDER+ (CE RN+UPPS+LQUC ) I J
+BOUQUET t D»ALMAGNE+ ( LALO+CE RN+COEF+EPOL) I JP
+KEY t GORDGNt LAI (TNTO+BNL }IJ
+KE Y r GORDONr LAI ( TNTQ+BNL ) I J
+RUDOLPH+ (AACH+BERL+CERN+LOIC+V IEN) I JP
VAN APELDG{3RNrHARTINGr HCLTHUIZEN+ (AMST )

PAPERS NOT REFERRED TO IN DATA CARDS

R4
R4
R4
R4 1
R4

A

R4

N¹1/2( 1700) INTO (LAHBDA K) /{ N

(0.013)OR LESS CL=»95
SEEN

LIMITS 0 025 TQ 0 11
25 0 ~ 025 0 ~ 005

L ESS T HAN 0.025
25 SEEN CONS WI TH J=l/2

PI + N PI
A- BORE LL I
C H I NOH SKY
BARNES
CRENNELL

ILLMANN
HORSE

PI )
67 HBC
68 HBC
69 HBC
70 HBC
70 HBC
71 HBC

( PB) /(Pl+P2 )

PP TO K+ Y N

K-P TO K-P 2P I
+

PI+P TO 3PI P
0 P I-P 7 GEV/C

8/67
6/68
7/70
1/71
6/70
3/7 2

MERI 0
. L I SSAUER
ANT IPOV
LEDNICKY
CARNEY
DEKERRET
RU SH BRQG
SGTI RIOU

66 P RGY SOC 289 489
72 PRD 6 1852
75 NP 899 189
75 PL 588 89
76 NP B 110 248
76 PL 63B 477r4S3
76 PRD 13 1835
76 NP 8107 457

J P HERLQt G VALLADA S {SAC LA Y)
+F IRESTONE tGINESTETr GOLCHABERt TRILLING(LBL) I JP
+ASCOLI r BAUD+ (CERN-IHEP BOSON SPEC)
R» LEDNICKY l JINR)
+COLLEY JONES KENYON+ ( BIRM+BR UX+CERN+MCNS ) I JP
+NAGY t REGL ERr BRANDT+ ( CERN+HAM B+IP N+ V IE N )
RUSH BRGQKE, RAJA, ANSGRGE r CARTER t NEA{.E (CAVE }I JP
D»SOT IRIOU l CERN) I JP

R5
R5
R5

N¹1/2(1700) INTO {N PI)/(N PI PI) ( P 1 ) /(P2),
( 1~ 26) OR LESS CL= 95 A-BQRELLI 67 HBC +
0»025 0 ~ 13 CRENNELL 70 HBC +

8/67
1/71

R6
R6

N¹1/2 ( 1700) INTO ( N¹3/2{ 1232) PI ) /( N PI PI ) (P3}/(P2)
NO EV I DENCE A-BORE{ L I 67 HBC +

SEE MERLO 66 FOR A REVIEW
8/6 7

N¹1/2 (1700)
0 67
0, 47

R7
R7
R7
R7
R7 AVG
R7 STUDENT

~ » ~

0 53
0 53

INTO (NEUTRON PI+)/(P PI+ P I —) (P4}/{P5)
0 F 40 ALEXANDER 67 HBC + PP 5-5 BEV/C 11/67
0»25 A-BGR ELL I 67 HBC P BAR P 5 ~ 5 GE V/C 7/70

~ ~ ~ » ~

0 21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
0 ~ 23 AVERAGE LISING STUDENT10(H/1 11) -- SEE HAIN TEXT

R8 N¹1/2
R8
R8
RS
RB
RS
R8
RS A

RB
R.8
RS
RS C
RS
R8
RS
R8
RS AVG
RB STUDENT

{P6) /(P5)
+ PP 5 ~ 5 BEV/C
+ PP 10 BEV/C

PP 8 1 BE V/C
K-P TO K-P 2P I
P I+P AT 5 GE V/C

+

)++ P I- ) /( P PI+
ALEXANDER 67
ALMEIDA 68
KAYAS 68
BARNES 69
C IRBA 70
CRENNELL 70
HILLMANN 70
BEKETOV 71
BOESEBEC 71
RUSHBROOKE71
LA NiSA 72
BLOBEL 75
HE INEN 77
EKELQF 78

(17001 INTO ( N¹3/2 ( 1232
0. 74 0 ~ 14
1 ~ 0 0»3

(0 83)
E SS THAN 0 ~ 15

{0 50 ) OR LES S CL= »95
NO E VI DENCE

(2 ~ 3) (1.6) PI+P TO 3PI P
(1.0) OR MORE CL~ 95 + DEL (1232)++ PI—
0.75 0 75 PPt PI —Pr K-P PROD
0 35 0 20 + PP TO P2P I 16GE V

0 ~ 65 0 ~ 15 P I P 18 5 GEV/C
(0 ~ 40 } + PP TG P(PI+PI-P)
0 3 0 ' 1 + K-P TQ K- N¹+
0 42 0 08 + P HE--P PI PI HE

~ ~ ~ ~ ~ » ~ ~

0.471 0 ~ 078 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
0 465 0 064 A VE RAGE USI NG STUDE NT1 0t H/1 11 ) -- SEE MAI N T

11/67
9/66

11/68
7/70
2/71
I./71
6/70
3/72
3/72
2/72

12/72
1/78
1/78
1/78

EXT

R9
R9

N&1/2{ 1700) INTO {SIG K) /(LAMB K)
L ESS THAN ~ 20 COOPER

(P9}/ t P8)
70 HBC + P I+P t 5 ~ 5 GEV/C 2/7 1

R10
R10

Rl 1
Rl 1

KRAE MER 64 PR 136 8496

REFERENCES FOR N¹1/Z {1700) f PROD EXP )

+MADANSKY, + ( J HOPKINS, NWESTERNt HOODSTGCK ) I

AL EXANDE 67 PR 154 1284
A—BORELL 67 NC 47 232
LEE 67 PR 159 1156

ALME IDA 68 PR 174 1638
CH I NOWSK 68 PR 165 1466
GALLOWAY 68 PL 27B 250
KAYAS 68 NP 85 169

BARNES 69 PRL 23 1516
BENVENUT 69 PR 187 1852
RHODE. 69 PR 187 1844

ALEX ANDERr BENARYt CZAPEKr+ {HE IZHANNt CERN) )
ALLES-BORELLI r FRENCHtFRISKr MICHEJDA (CERN }
+MOEBS rROE r SINCLAIR» VANDER VELDE (MICH}

+RUSHBROOKEr + {CAV Et DESY{CERN) }
CHINOWSKYr K INSEYr KLE INr + (LRLt SLAC)
GALLOHAYrALYEAtCRITTENDENrPRICKETTr+ (IND)
+GUYADERr 5ENEr YIOUr ALITTI r+ (ORSAYt SACLAY)

+BASSANO+CHUNG+E I SNER+FLAMINTO+KINSQN (BNL) I J
BENVENUTI HARQUIT OPPENHEIMER (MINN COLO)
RHODE t LEACOCK t KERNAN t JE SPER SENr+ ( ISU)

ANDERSON 70
CI RBA 70
COOPER 70
CRENNELL 70
KUZNETSGV70
WI LL MANN 70

PRL 25r699
NP 823t533
NP 823r605
PRL 25 187
SJNP 10r332
PRL 24 1260

+ BL E 5 ER r B I I E 0 E N r C OL L I N S ++ (BNLrCARN)
+VANDERHAGEN+ ( EPOLrDURHrNIJMr TORIrBONN)
+MANNER HUSGRAVE POLLARD VGYVQ DIC {ANL }
+LAI r LGUIEt SCARRr SINS ( BNL)
+MELNIKGVrRYLTSEVAtCHADRAA»BALINTP (JINR)
+LANSA tGAIDOSr EZELL (PURD) I J

N&1/2 ( 1700) INTO ( P I N) +/( OMEGA P RGTON) ( Pl ) /(P10)
LESS THAN .36 l90 PCT CL } DAVIDSON 74 HBC + PI —P TO PI- OM P 10/74

N¹1/2 ( 1700 ) INTO (RHOO. PROTON) /(OMEGA PROTON) ( Pl 1 ) /( P10}
LESS THAN .12 (90 PCT CL) DAVIDSON 74 HBC + P I-P TO PI — OM P 10/74

SEE THE NOTES ACCOMPANYING THE HASSES QUOTED

BACON
HARR I S
HOFMANN
BI EL

ALSO
CHADH I CK
GQGG I 1

ALSO
GOGGI2
IDSCHOK

ALSO
MUHL EHAN
BAKK EN
GOGGI
LUCA 5

77 N C 42A 431
77 NP B 119 189
77 NP B 125 404
78 P RD 18 3079
76 PRL 36 504r 507
78 PRD 17 1713
78 PL 79B 165
77 PL 72B Z61
78 NP B143 365
78 NC 48A 39 5
75 BLOB EL
78 NP B 133 189
79 NC 49A 465
79 NP B161 14
79 PRD 19 43

M 3
M

M

M 6
M 6
M 4
M

M A

H A

M 7
H 2
M 2
H 2
M F

F
M F
M F
M

M K

M K

H

M D
M E
M D

M E
M 8
H 8
M 8
M

H 9
M

M

H L
H H

M LH
M LH
M LH
M C
H

M AV

+BARNHAN, DORNANr EASONr POLLOCK+ (LCIC} I JP
+LU BATT Ir NOR IY AS U r BIN GHAM+ ( HA SH+ UCB )
+ I D SCHGK r SCHRODE R t SLOB E L+ ( BONN+ DES Y+ MP I M ) I
+F ERB EL r SLATTERY+ ( ROC H+NWES+FNAL+ SLAG }
BIEL,BLESERr FERBEL+ (RGCH+FNAL+SLAC+NWES )
+CARROLL tCHA'LOUP KA r BA{ LAM+ ( SLAC+CI T+ LBL) I JP
+CA VALLI-SFORZAr CONT A+ (CERN+P AV I 1

GOGGI r MANTOVANI r CA VALLI-SFORZA+ (CERN+ PAVI )
+CAVALLI-SFORZAr CQNTA~ (CERN+PAVI )
+SCHRGDER BLOBEL FRANZ+ {BQNN+HAMB+HPIH }I JP

HUHLENANN r CARI THER Sr F ERBEL t LAN+ ( ROCH+H CGI )
+JACOBSENr GENNQW+ ( GS LO+ S TOH+HE L 5+ AB 0 }
+CONTAr FRATERNAL Ir LIVAN+ (CERN+PAVI+TRST)
P ~ H ~ LUCAS (JHU)

14 Ni¹1/2( 1710t JP= 1/2+ ) I =1/2

THE EXISTENCE OF THI 5 RESONANCE I 5 WELL ESTABLISHED

14 N¹1/2( 1710) MASS ( NE V)

( 1'7 51.0) DQNNACH1
{1640 0) (70.0) OR I TO
(1700 0) OR I TG2
( }.645» 0} AYED

FROM ENER DEP FIT OF ARGAND DIAGRAM
t 1770 0} DAVI ES P-, S ANAL SGl A

(1809 0) SC HORSCH K LAH PHOTOPRO ~

(1685.0) GR( 1740~ 0) WAGNER P I-P TO K LAMB
THERE ARE 3 5 I H ILAR SOL UT ION S

(1720 ~ ) ALMEHED 72 IPHA
( 1728 ~ ) HICKS 73 MPHA GAH P-ETA P

ONLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED I N LI STINGS
M AND W ARE FROM SOLIJT ION C2 tBR=SQRT (G) /H W IT H G F ROH TABL E V I I ~

(1780~ ) LANGBE IN 73 I P HA P I N-K 5IG t SGL 1
(1780 LANGBE IN 73 IPHA P I N-K SI 6 r SQL 2

DEAN S75 AND l ANGBE IN73 DI SAGREE HI TH PI+ P TO K+ S I GMA+ DATA QF
W INNI K77 AROUND 1920 M EV

( 1670. ) KNAS EL 75 DPHA 0 P I — P TO KO LAN
1730 ~ OR 1710 LONGACRE 75 IP WA PI N TQ 2PI N

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75 ~

(1730. ) AYED 76 IPHA
(1625 ' ) (10») BAKER 77 IPHA 0 P I- P TO K LAM.
\ 1650. ) BAKER 77 DPHA 0 PI- P TG K LAM.

THE TWO ENTRIES FOR BAKER 77 ARE FOR AN IPHA USING THE BARRE LET
ZERO HETHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS»

( 1720 } LONGACRE 77 IPHA PI N TG 2PI N

ALL LGNGACRE77 PARAHET ERS ARE FROM SQLUTIQN S2t E XCEPT FQR THE PO{ E
POSI TION HHICH IS FROM 50k UTIQNS Sl AND Cl

1 650 ~ TO 1680 ~ BAKER 78 DP HA 0 P I- P TO K LAH
(1721~ ) BARBOUR 78 0 PHA P I-N PHOTO-PROD
(1690~ ) BAKER 79 DPHA 0 PI — P TO ETA N

1710~ 60» CUTKGSKY 79 IP WA P I N TO P I N

1723~ 9. HOEHLER 79 IPWA PI N TO PI N

2050 ~ 20 ~ HOEHLER 79 IP HA P I N TG PI N

HOEHLER79 FI NDS A HIGH FR M ASS Pl 1 RESONANCE AS WELL AS ONE I N THI 5
MASS REGION BOTH ARE LI STED HERE r AND LABLED L AND H FOR LOW AND
HI GHt AH AIT ING CONF IRNAT ION OF T HE HIGHER MA SS STATE

(1730.) SAXON 80 DPWA 0 PI — P TO K LAH»»» ~ ~ ~ ~ ~ ~

ERAGE HEANINGLESS (SCALE FACTOR 14 9)

P HAS E-5 HI FT ANAL
K LAMBDA PS ANAL
K LAH PHOTOPRQ

8/69
8/69

10/7 1
1/71

8/69
10/7 1

1/7 1

70 RVUE
70 DP WA

71 I PHA

2/72
9/73
9/73
9/73
9/73
9/73
1/78
1 /78

11/75
11/75
11/75
11/77

1/78
1/78
1/78
1/78

11/77
11 /77
1 1/77
3/79¹
3/79¹

12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
IZ/79¹
12/79¹
I Z/79*
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Particle Data Group: Review of particle properties S203

Data Card Listings
For notation, see key at front of Listings.

Bar/ oIl s
N(isla)

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

(327 0)
( 310~ 0)
( 210~ 0)

(50 ' 0)
( 445 ~ 0)
( 280m 0)
(160 ' 0)OR(220 ' 0
( 160~ )
(203 )
( 130~ )
(130 )
(174 ~ )
(165~ ) OR (75
(164 ' )
( 160 ~ ) (6 ~ )

(95~ )
(120. )

90 TG 150'
(167. )
(97' )
100+ 50
120 ~ 15 ~

200 ~ 30 ~

(550 ' )
~ ~ ~ ~ ~ ~ ~ ~

MEANINGLESS ( S
THE NOTES AC CO

(50 ~ 0

A

7
2

F
F

L
H

C

AVERAGE
SEE

CA
MP

DONNACH1 68
OR ITO 69
OR IT GZ 69
AYED 70
DAV I ES 70
SCHORSCH 70
WAGNER 71
ALMEHED 72
HICK 5 73
LANGBEIN 73
LANG BE I N 73
KNASEL '75
LONGACRE 75
AYED 76
BAK ER 77
BAKER 77
LGNGAC RE 77
BAKER 78
BARBOUR 78
BAK ER 79
CUTKOSKY 79
HOEHLER 79
HGEHLER 79
SA XON 80

LE FAC TOR = 1 ~ 8)
ANY ING THE MASSES QUOT

14 N¹1/2( 1710) WIDTH ( ME V)

RYUE
RVUE
CNTR
IP WA

RVUE
DP HA

IP WA

IPWA
MP WA

IP WA

I PWA
DP WA

I PWA
I P WA

IP WA

DPWA
I P WA

DPWA
DP WA

DPWA
IPWA
I P WA

IPWA
DP WA

ED+

K LAM PHOTGPRO

SGL A

K LAM PHGTGPROe
P I-P TO K LAMB

GAM P-ETA P
P I N-K SIGySOL 1
P I N-K S IGs SOL 2

0 PI- P TO KO LAM
PI N TO 2PI

0 P I- P TO K LAMe
0 PI- P TO K LAM ~

P I N TO 2P I N

0 P I- P TO K LAM
P I- N PHOT 0-PROD

0 P I- P TO ETA N

PI N TG PI N

PI N TO PI N

PI N TG PI N

0 PI- P TO K LAM

8/69
8/69

10/7 j.
1/71
8/69

10/71
1/7 1
2/72
9/73
9/73
9/73

11/75
11/75
ll/77

1/78
1/78

11/77
3/79¹
3/79¹

12/79¹
12/79¹
12 /79¹
12/79¹
12/79¹

R7
R7 F
R7 F
R7 1
R7 1

RB N¹1/2 (1710) FROM PI N TO hl¹3/2(12321 PI SQRT (P 1¹pjo)
R8 K (oj3)OR —~ 20 LONGACRE 75 IPWA Pl N TO 2PI N

R8 8 (+ 17) LONGACRE 77 IPWA P I N TO 2PI N

R9 N¹1/2 (1710) FROM PI N TO N RHODES=1/Zg P-WAVE SQRT(P1¹P11 )
R9 K (+ 32 )OR + 20 LGNGACRE 75 IP WA P I N TO 2P I N

R9 8 (- ~ 19) LONGACRE 77 IPWA P I N TG 2PI N

11/75
11/75
11/77

11/75
11/75
11/ 77

R10
R10 8

N¹1/2{ 17101 FROM PI N TG N RHODES=3/Zp P-WAVE SQRT (P 1¹P12)
(- ~ 31 ) LGNGACRE 77 IPWA PI N TG 2 PI N

11/77
11/77

Rll N¹1/2{ 1710) FROM PI N TO N EPSILON SQRT (Pl¹P7)
Rlj K {+ 18 )OR + 28 LONGACRE 75 IP WA P I N TO 2 PI N

Rl 1 8 (+.26 I LONGACRE 77 IPWA P I N TO 2PI N

11/75
11/75
11/77

R12
R12 5
R12 5
R12 5
R12 5
R12

N¹1/2(1710) FROM PI N TO
(+ ~ 382) TO + ~ 383

USES M AND W OF AYED 76 ~

RATIO TO ETA N OF ABOUT
EARLIER EXPERIMENT S ~

( 22)

ETA N SQRT (Pl¹P3)
FELTESSE 75 DPWA 0 1488 TO 1745 MEV

NOTE THAT THI S G I VE S A BRANCHING
80 PCTy IN STRGiNG DISAGREEMENT WITH

BAKER 79 DPWA 0 PI- P TO ETA N

11/75
11/75
ll/77
11/75
11/75
12 /79¹

14 N¹ 1/2 (1710) PHOTON DECAY AMPL ( GEY ¹¹-1/2)

N¹1/2(1710) FROM PI N TG K SIGMA SQRT {P 1¹P9) 9/73
{~ 11) LANGBE IN 73 I PWA P I N-K SIG e SDL 1 9/73
( 14) {.ANGBEIN 73 I PWA P I N-K S IGgSOL 2 9/73
{ 075)TO 4203 DEANS 75 DPWA PI N TO K SIGMA 1 1/75

RANGE GI VEN I S F ROM FOUR BEST SOLUTIONS ~ 11/75

14 N¹ I/2( 1710) REAL PART OF POLE PCS IT I Ghl ( MEV ) 11/75
FOR DEF I NIT ION OF GAMMA-NUCL EON DECAY AMPL I TUDE Sg SE E MI NI-

RE VIEW . PRECEDING THE BARYON LISTINGS ~

RE
RE
RE

IM
IM
IM

(17C8. )
I. 720. OR 1711.

(1692 ' )

LONGACRE 75 I PWA
LONGACRE 77 I P WA

CUTKOSKY 79 IP WA

PI N TO 2PI N

PI N TO 2PI N

P I N TO PI N

f 17 ~ )
123 ~ OR 115~

( 88, )

LONGACRE 75 I P WA

LONGACRE 77 IP WA

CUTKGSKY 79 I P WA

PI N TO 2PI N

Pl N TO 2PI N
PI' N TO Pl N

14 N¹ 1/2(.1710) -2¹I MAG PAR I OF P OLE POS IT ION ( ME V)

ll/75 .

ll/77
I 2/79¹

11/75

11/75
11/77
12/79¹

Al ' N¹l/2 (1710) INTO
Al ~ 022
Al + ~ 026
Al —~ 014
Al ~ 022
Al 068
Al ~ 016
Al +~062
Al (+ ~ 005 )
Aj + ~ 053
Al 9 + 001
Al 9 SUPER SEDE S BARBO
Al ~ ~ ~ ~ ~ ~ ~

Al AVERAGE MEANINGLESS

GAM Pq
~ 057
~ 028
~ 021
~ 015
~ 024
025

~ 007

~ 019
~ 039
UR 76 '

HEL I CITY~ 1/2 ( G
DE VENI SH
HOOR HG US
DEVENIS2
KNIE S
METCALF
MOGRHGUS
CRAWFORD
BARBOUR
FELLER
BARBOUR

~ ~

{SCALE FACTOR ~ 2 4)

EY¹¹-1/ 2 ]
73 DPWA
73 DP WA

74 DPWA
74 DPWA
74 DP WA

74 DPWA
75 DP WA

76 DP'WA

76 DPWA
78 DP WA

PI N

Pl N

PI N

PI N

PI N

PI N

PI N

P I N

Pj N

P I-N

PHOT 0 P ROD
PHOTO-PROD
PHOTO-PROD
PHOT 0 P ROD
PHOTO-P ROD
PHOTO-PROD
PH OT 0-P ROD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD

2/74
.2 /73
4/75
2/74
2/74
2/74
1/76
1/76
2/77 .

3/79¹
3/79¹

RER

IMR

(-9 ~ )

14 N¹ 1/2( 1710} REAL PART OF ELASTIC POL E RESIDUE ( MEV)

CUTKOSKY 79 IPHA P I N TD PI N

14 N¹1/2( 1710) IMAG PART OF ELASTIC PGLF RESIDUE (MEV)

CUTKOSKY 79 IPWA PI N TO PI N

14 N¹ 1/2 {1710) PART I AL DECAY MOD ES

12/79¹

12/79¹

A2
A2
A2
A2

- A2
A2
A2
A2
A2
A2
A2
A2

N¹1/2(1710) INTO
—~ 028
+ 027
—~ 060

~ 027
~ 048
~ 057

OZO(- ~ 010)
9 ~028

~ ~ ~ ~ ~ ~ ~

A VERAGE MEANI NGLESS

GAM Ny

~ 067
~ 022
~ 061
~ 015
~ 045
~ 022.016

~ 045
0 ~

(SCALE

HEL IC ITY=1/2 ( GE V¹¹-1/21
DEVENISH 73 DPWA
MGORHOUS 73 DP WA

DEVENI S2 74 DPWA
KNI E S 74 DP WA

ME TCALF 74 DP WA

MOCRHGUS 74 DP WA

CRAWFORD 75 DPWA
BARBOUR 76 DP WA

BARBOUR 78 DP WA

FACTOR 1 ~ 3)

PI N

PI N

PI N

PI N

PI N

PI N

PI N

Pj N

P I-N

P HOTO PROD
PHOTO-PROD
PHOTO PROD
PHOTO PROD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD

2/74
2/73
4/75
2/74
2/74
2/74
1/76
1/7 6
3/79¹

Pl
P2
P3
P4
P5
P6
P7
P8
P9
.P10
Pjl
P12

N¹ 1/2 ( 1710}
N¹1/2 (1710)
N¹1/2(1710)
N¹1/2 ( 1710)
N¹1/2 (1710)
N¹l/2( 1710)
ht¹1/2 ( 1 71 0)
N¹1/2 (1710)
N¹1/2 ( 1710)
N¹1/2 (1710)
N¹ 1/2 ( 1710)
N¹1/2 (1710)

I NTO PI N

I NTO LAMBDA K

I NTO N ET A

I NTO GAM P I HEL I C I TV=1/2
INTO GAM Ng HEL IC ITY=1/2
I NTO N PI PI
INTO N EPSIl ON

I NTC N RHO
I NTO K SI GMA
INTO N¹3/2( 12321 P I
INTO N RHOg S=l/2 g P-WAVE
INTO N RHO ~ S=3/2mP-WAYE

D
139+

1115+
939+

0+
0+

93 8+
938+
938+
493+

123 2+
93 8+
93 8+

ECAY MA SSE S
938
497
548.
938
939
139+ 139

1300
776

1189
139 .
776
776

DGNh)ACH1 68 PL 268 161
Al SO 68 VIENNA 139
ALSO 68 THES IS

RUSH 68 PR 173 1776

BOTK E 69 PR 180 1417
DEANS 69 PR 185 1797
OR ITO 69 LNC 1 936
CR I T 02 69 I NS J 113

REFERENCES FOR N¹1/2 {17 10)

J C BOTKE
S DEAN St J W GUTEN
S GRITO~ S SA SAKI
S ORITO (THESIS)

{UCSB)
( UN IV S FLORID A)

(TOKYO-OSAKA�)

( TOKYO}

A DDNNAC HIE R G KIR SOPP C LOVE LACE (CERN} I JP
DONNACHI E RAPPORT EUR ~ S TALK ( GLAS )
R G KI RSOPP ( EOIN)
J E RUSH l UNIV ALABAMA)

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

N¹1/2 (
3
6

7

L
H

AVERAGE M

1710) INTO
(0 32)
(0 149)
(0 ~ 43 )
(0 2)

( ~ 17)
~ 19
~ 12
~ 10

( P I N)/TOTAL
DGNNACH1
AYED
DAV I ES
ALMEHED
AY ED
CUTKGSKY
HGEHLER
HOEHLER

~ 05.04
~ 04

68 RYUE
70 I P WA

70 RYUE
72 I PWA
76 I P WA

79 I P WA

79 IPWA
79 IPWA

~ 0 e ~ 0 ~ ~ ~

EANIN GL ESS (S CAL E FACTOR I' 1 0 )

14 N¹l/2 (1710) BRANCHING RATIOS

(Pl)

SOL A

PI N TG PI N
P I N TO PI N

Pj N TO Pl N

8/69
1/71
8/69
2/72

ll/77
12/79¹
12/79¹
12/79¹

AY ED 70 K IEV CONF
CARRERAS 70 NP 168 35
DA VI ES 70 NP B21 359
SCHORSCH 70 NP 825 179

WAGNER 71 NP 825 411

ALMEHED 72 NP 840 157
DEANS 72 PRD 6 l.906

DEVENISH 73 PL 478 53
HICKS 73 PRD 7 2614
LA NGBE I N 73 NP 853 251
MOORHGU S 73 PL 438 44

R AYED g P BAREYRE g G V I LLET
8 CARRERASy A DONNACHI E
A DAVIES
+T IETGE g WE ILNBOECK

F WAGNER' C LGVELACE

f SACL) I JP
(DAREyMCHS)

{GLAS )
( MPI M}

{CERN)

DE VENI SH s RANKI N+ LYTH (LOUC+BGNN+LANC ) I J P
+DEANS, JACOB S LYONS+ (C ARN+ORNL+ SOUTH F LA ~ }I JP
LANGBEI Ns WAGNER (MUN ICH ) IJ P
MOORHOUSE e OBERLACK ( GLAS+LBL ) I JP

+LOVELACE (LUNDY RUTG) IJP
DEANS JACOBS LYONS MONTGOMERY ( SOUTH FLA ~ ) I JP

R2
R2
RZ
R2
R2
R2
R2
R2
R2
R2
R2
R2

N¹1/2 (

A

0
E
9
9 T-H E (
9 H A S 8

C
C SUPER

1710) FROM PI N TG K LAMBDA
( ~ 06 ) ( ~ 03) ORITG
( ~ 16 ) GR ~ 21 WAGNER
—~ 150 %038 DEYENISH

10) KNAS EL(- ~ 05 ) ( 03) BAKER(-~ 10 ) BAKER
12) BAKER

UNOET ERMINED) OVERALL P HASE OF ALL
EEN CHANGFD TG AGREE WITH PREVIOUS
(+ ~ 14) SAXON
SEDES BAK ER 78 ~

SQRT(Pj¹PZ)
69 RVUE
71 P I- P TO K LAMB
74 0 F IXED T DI SP REL
75 DPWA 0 P I- P TO KO LAM
77 I PWA 0 PI- P TG K LAM ~

77 DPWA 0 PI- P TO K LAMe
78 DPWA 0 P I- P TO K LAM
COUPL INGS F ROM BAKER78
CONVENTIONS ~

80 DPWA 0 PI- P TO K LAM

4/75
4/7 5
4/75
4/75

ll/75
1/78
1/78
3/79¹
3 /79¹
3/79¹

12/79¹
12 /79¹

CRAWFORD 75
DEANS 75
FELTESSE 75
KNAS EL 75
LONGACRE 75

ALSO 78

NP 897 125
NP 896 90
NP 893 242
PRO 11 1
PL 558 415
PRD 17 1795

DEVENISH 74 NP 881 330
DEVENIS2 74 PL 528 227
Khlj E 5 74 PRO 9 2680
METC ALF 74 NP 876 253
MGORHOUS 74 PRO 9 1

DEVENISH FROGGATT MARTIN(DESY NORDITA LCUC)
DEV EN I SHy L YTH y RANK I N (DE SY y LANG g 8 CNN) I JP
KNIES MOORHGUSE GBERLACK (LBL g GLAS ) I JP
W J METCALF eR L WALKER {CIT)IJP
MOORHOUSEy OBERLACKyROSENFELD ( GLA S+LBL)IJP

R L CRAWFORD (GLAS) I JP
+MITCHELL ~ MONTGOMERY' + {SFLA ~ ALABAMA )IJP
+AYEDgBAREYREgBORGEAUDg DAVI Dg E RNWE IN+ {SACL) I JP
+L INDQU I STv NEL SON+ (CHICt WUSLyOSUy ANL} I JP
+ROSENFELD ~ LASINSKIgSMADJA+ (LBLq SLAC ) I JP
LONGACRE ~ LAS INSKI eROSENFELD+ (LBL p 5 LAC)

R3
R3
R3

R4
R4
R4
R4
R4

N¹l/2 (
8
8 PARA M

1710) INTO (LAMBDA K)/TOTAL (P2)
{0 003)TG 0 ' 065 RUSH 68 MPWA T POLE + RESON ~

ETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING

N¹1/2 f
8
8
8
8 PARAM

1710) INTO ( N E TA ) /TOTAL {P3)
(F 19) BOTKE 69 MPWA T POl E + MESON~
{0~ 09) (0 ~ 05) DEANS 69 MPWA T POLE + RESON
(0 ~ 015)OR 0 035 CARRERAS 70 MPWA T POLE + RESON
ET R IZAT ION USED COULD 8 E IN DANGER OF DOUBLE COUNTING

8/69

10/69
5/70
5/70

AY ED 76
BA RBOUR 76
FELLER 76
BAKER 77
LONGACRE 77

ALSO 76

C EA-N- 192I
NP 8111 358
NP 8 104 219
NP 8126 365
NP 8122 493
NP 8108 365

BAKER 78 NP 8141 29
BARBOUR 78 NP 8141 253 i

+BLI SSETyBl GCDWGRTHg BRGCME+
BARBOUR y CRAWFORD g PAR SGNS

(RL+CAMB) IJP
( GLAS)

AYED ( THESIS) (SACL)I JP
I ~ M ~ BARBOUR' R ~ L ~ CRAWFORD (GLAS) I JP
+FUKUSHIMA gHORIKAWAy KAJIKAWA+( NAGOYA+GSAKA) IJP
+BL I SSETtBLOGDWORTHi BROGME CHART+ (RHEL) I JP
LGNGAC RE ~ DGL BEAU (SACL }IJP
DOLBEAUy TRIANTI Se NEVEUy CADI ET (SACL ) I JP

R5
R5
R5

-R5

N¹ 1/2 ( 1710) FROM GAMMA PROTON TO K LAMBDA S QRT-( P2¹ P4 ) 9/73
(0 ' 0027) ORIT02 69 CNTR K LAM PHOTOPRO 10/71
{0 ~ 0088) SCHORSCH 70 DPWA. K LAM PHOTGPRO~ 10/71

( ~ 0104) DEANS 72 MPWA GAM P-K LMySOL D 9/73
SA XON 80 NP 8162 522

BAKER 79 NP 8 156 93
CUTKOSKY 79 PRD 20 2839
HOEHLER 79 HANDBOOK OF PI-N

+BROWN tCLARK gDAYI E Sg DE PAGTERg EVANS+ (R)-.EL ) I JP

+FORSYTHIA

HENDR I CK ~ KE LLY (CARN+LBL ) I JP
'SCATT ERINGy PHYSIK DAT. EN VOL ~ 12-1

+KAI SERgKOCHgPIETARI NEN /KARLSRUHE I JP
+BAKER BELLy BL I SSETT~ BLOODWORTH+(RHE L+BRI 5 }I JP

R6
R6

N¹l/2(
2

1710) FROM GAMMA PROTON TO ETA PROTON SQRT (P3¹P4)
( ~ 00751 HICKS 73 MPHA GAM P-E TA P

9/73
9/73
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S204 Particle Data Group: Review of particle properties

Baryons
N(1710), N(181P)

Data Card Listings
For notation, see key at front of Listings.

PAPERS NOT REFERRED TO IN DATA CARDS 15 N+ 1/2( 1810) BRANCHING RATIOS

DE ANS 69 P R 177 2623
DONNACHI 69 NP 10B 433
AYED 70 PL 31B 598
WINNIK 77 NP 8128 66

S R DEANS (UNIV S FLORIDA)
A DONNACHIE R K IRSQPP ( GLAS+E DIN)
+BAREYRE+VILLET (SACLAY )
+TOAFF gREVEL g GOLDB ERG g 8ERNY t HAIF) I

It
N(ysyp) 15 N+1/2(1810 JP 3/2+. I I 1/2

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

N4 j/2 ( 1810) INTO
(0 21)
(0. 149}
(0 40)
{0~25)

{ 14)
~ 19
~ 14

~ ~ 0 ~ ~ ~ ~

AVERAGE MEANINGLESS

( P I N) /TOTAL
DONNAC Hl
AYED
DA VIE S
ALMEH/D
AYED

,05 CUTKOSKY
~ 03 HOEHLER

~ ~

(SCALE FACTOR & 1 ~ 0)

68 RVUE
70 I PWA
70 RVUE
72 I PWA
76 I P WA

79 I P WA

79 I PWA

( Pl )

SOL A

PI N TO P I N

P I N TO PI N

8/69
1/71

. 8/69
2/72

11/77
12 /79+
12/790

THE EXISTENCE OF THIS RESONANCE I S WELL ESTABLI SHED ~ R2
R2
R2

N& I/2 ( 1810 ) INTO t L AMBDA K ) /TOTAL ( P2)
B (0 014) TQ 0~ j 6 RUSH 68 MPWA T POL E + R ESON ~

8 PARAMETR I ZATIQN USED COULD BE IN DANGER OF DOUBLE COUNTING
8/69

15 N41/2 (1810) MASS ( MEV)

M

M

M

M

M

M

M

M

M

M

M

M

M

M L
M L
M

M D

M E
M D
M E
M 8
M 8
M 8
M

M 5
M

M

M C
M

M AVE

DQNNACH1 68 RVUE P HA SE- SHIF T ANAL
LEA 69 CNTR P I-P ELASTIC

80 '
20 '

W 3 (
W 6 (
W 4 (
W 4 SQL
W A t

W 7 (
W 1 (
W (
W L
W

W D (
W E (
W 8 (
W

5 (
W (
W

W

W C
W

W AVERAGE

15 N+ j/2( 1810) WIDTH ( MEV)

296. 00)
182 ' 0)
449 0)
8 GIVES 307 MEV
220 0)
300. }
250 ' )
327. )
115~ OR 150 ~

117.)
200. ] t 50. )
500. )
130~ )
300 T 0 400
285 ~ )
447. )
210 ~ 80 ~

190. 30 ~

120 ~ )

DONNACHl
AY ED
DAVI ES

WAGNER
ALMEHED
HICKS
KNASEL
LQNGACRE
AY ED
BAKER
BAKER
LONGAC RE
BAKER
BARBOUR
BAKER
CUTKQSKY
HOEHLE R
SAXON

68 RV UE
70 I P WA

70 RVUE

71 I PWA

72 I PWA
73 MPWA
75 DPWA
75 I P WA

76 I PWA
77 I PWA

77 DPWA
77 I PWA
78 DP WA

78 DPWA
79 DPWA
79 I P WA

79 I PWA
80 DP WA

SQL A

P I—P TQ K LAMB

GAM P-ETA P
0 P I — P TO KO LAM

PI N fO 2PI N

PI — P TO K LAM
P I — P TQ K LAM ~

P I N TQ 2PI N

P I- P TO K LAM
P I-N PHOTO-PROD
P I — P TO ETA N

P I N TO PI N

PI N TO PI N

P I — P TO K LAM
~ 0 ~ ~ ~ t ~ ~

MEANINGLE SS ( SCALE FACTOR = 1 0)
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED

15 N& 1/2( 1810) REAL PART OF POLE POS IT ION (MEV )

(1 860 ~ 0)
t 1 860. 0) APPROX

S EE ALSO AP L IN 71
{1 766. 0) AY ED 70 IP WA

FROM ENER ~ DEP FIT OF ARGAND DIAGRAM
(1844 ~ 0) DAV I ES 70 RVUE P-S ANAL SOL A

(1800.0) WAGNER 71 I PWA PI-P TQ K LAMB
P13 RESQNATES ONLY IN QNE OUT OF 3 POSSIBLE SOLUTIONS

( 1850. ) ALMEHED 72 IP WA

( 1833 ) HICKS 73 MPWA GAM P-ETA P
CNLY STATES FROM TABLE V I I OF HICKS73 ARE INCLUDED IN LI STING Se
M AND W ARE FROM SOLUTION C2 g BR=SQRT (G) /W W ITH G FROM TABLE V II ~

(1850. ) KNASEL 75 DPWA 0 PI — P TO KO LAM
1 695. OR 1720. LONGACRE 75 IPWA P I N TQ 2PI N

THE Z SETS OF PAiRAME TERS ARE FROM METHODS 1 AND 2 OF LQNGACRE 75.
(1696. ) AY ED 76 I P WA

(1640. ) (10~ ) BAKER 77 I PWA 0 P I- P TO K LAM.
( 1710~ ) BAKER 77 DPWA 0 P I- P TO K LAiM.

THE TWQ ENTRIES FOR BAKER 77 ARE FOR AN IPWA USING THE BARRELET
ZERO METHOD AND A CONVFNTIQNAL ENERGY —DEPENDENT ANALYSIS

(1750 ) LONGACRE 77 IP WA P I N TQ 2PI N

ALL LONGACRE77 PARAMETERS ARE FRCM SOLUT IQN SZg EXCEPT FOR THE POL E
PQSI T ION W HICH IS FROM SOLUTI QNS Sl AND Cl ~

1710 TQ 1790 BAKER 78 DPWA 0 P I- P TO K LAM
( 1809. ) BA RBQU R 78 DP WA P I-N PHOTO-PROD

1 740 CUTKOSKY 79 I P WA P I N TQ PI N

1710. HOEHLER 79 IPWA P I N TO PI N

( 1690. } SAXCN 80 DPWA 0 PI — P TO K LAM
~ ~ ~ ~ ~ ~ ~ ~ ~

RAGE MEANINGLESS t SCALE FACTOR = 1o0)

e/68
8/69

1/71

8/69
1/71

2/72
9/73
9/73
9/73

11/75
11/75
ll/75
11/77

1/78
1/78
1/78
1/78

11/77
11/77
11/77

3/79+
3/79~

I 2/794
j2/794
12/794

8/69
1/71
8/69
2/73
1/71
2/72
9/73

11/75
11/75
11/77
1/78
1/78

11/77
3/79~
3/79+

IZ/794
12/794
IZ/794
12/79~

11/75

R3
R3
R3
R3
R3

N& I/2( 1810) INTO (N ETA) /TOTAL (P3 }
(0 ' 0364) BOTKE 69 MPWA T POLE + RESQN
(0 ~ 003) t 0.003) DEANS 69 MP WA T POLE + RESON ~

( 0 030) OR 0 ~ 094 CARRERAS 70 MPWA T POLE + RESON,
PARAMETR I ZAT ION US ED COULD BE IN DANGER OF DOUBLE COUNTI NG

R4
R4
R4
R4
R4
R4
R4
R4
R4
R4.
R4

N& I/2 ( 1810) FROM PI N TO K
A ( 12)

067 .033
( ~ 13)

D (-.06) {~02)
E 09)
9 (- ~ 09 )
9 THE ( UNDETERMINED) OVERAL
9 HAS BEEN CHANGED TO AGREE

C, (-.11)
C SUPER SEDES BAKER 78m

LAMBDA
WAGNER
DEVENISH
KNASEL
BAK ER
BAKER
BAKER

L PHAS E OF ALL
WITH PRE VIOUS

SAXON

SQRT {Pj&PZ)
71 IPWA PI- P TO K I AMB
74 0 FIXED T DISP REL
75 DP WA 0 PI — P TO KO LAM
77 IPWA 0 PI — P TO K LAM
77 DPWA 0 PI — P TO .K LAM
78 DPWA 0 PI — P TO K LAM
COU PL I NGS F RQM BAK ER78
CONVE NTI ONS
80 DPWA 0 P I- P TO K LAM

R5
R5

N& j/2 ( 1810) FROM GAMMA PROTON TO K LAMBDA S QRT ( (P5+P6 ) +PZ)
( 0082) DEANS 72 MPWA GAM P-K LMgSQL 0

R6
R6

N+ j/2( 1810) FROM GAMMA PROTON TO ETA PROTON S QRT t ( P5+P6 ) +P3 )
1 ( 0052 ) HICKS 73 MPWA GAM P-ETA P

R7
R7
R7
R7
R7

N&j/2(1810) FROM PI N TO K SIGMA SQRT (P I+ P9)
( ~ 051) TO .087 DEANS 75 DP WA P I N TO K SIGMA

RANGE GI VEN I S FROM FOUR BEST SQLUTI QNS
DEAN S75 DI SA GREE S W ITH PI+ P TQ K4 SIGMA+ DA TA OF WI NNI K77
AROUND 1920 MEV ~

R8
R8
R8

R9
R9

N&j/2 (
L

8

N41/2{
8

1810) FROM PI N TO N RHO S=1/2 P-WAVE SQRT {P I+P10)
( —~ 35) OR —~ 40 LONGACRE 75 I PWA P I N TO 2P I N(+.26) LONGACRE 77 IPWA PI N TO 2PI N

1810) FROM PI N TO N RHODES=3/2wP-WAVE SQRT t P I+Pl I ){-.15) LQNGACRE 77 IPWA P I N TO 2P I N

R12 N+I/2 (1810) FROM PI iN TQ ETA N

R12 ( —~ 08) BAKER
SQRT(P 1&P3)

79 DPWA 0 PI — P TO ETA N

15 N+ 1/2( 1810 ) PHOTON DECAY A MPL (GE V++- I/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES' SEE MINI-
RE VI EW PRECEDI NG THE BARYON L IST IN GS

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

N& I/2 (1810) INTO GAM Pg
02 2 ~ 094
02 5 ~ 034
004 ~ 032
0 025
022 .012
086)
122 .018054, ~ 012
111 ~ 047
ES BARBOUR 76

4

+ ~

t+.
+ ~

+ ~

+ ~

SUPERSED

HEL IC IT Y= 1/2 ( GEVWA- 1/2)
DEVENISH 73 DPWA
DEVENI 52 74 DPWA
KN IES 74 DP WA

METCALF 74 DPWA
CRA WFQRD 75 DP WA

BARBOUR 76 DPWA
AZNAURYAN 77 DPWA
AZNAURYAN 77 DPWA
BARBOUR 78 DPWA

I ~ ~ ~ ~ ~ 4 ~ ~

AVERAGE MEAN IN GL E SS ( SCAL F. FAC TQR = 2 ~ 3)

P I N PHOTO PROD
P I N PHOTO —PROD
P I N PHOTO PROD
P I N PHOTO-PROD
PI N PHOTO-PROD
P I N PHOTO-PROD
PIO PHTPRDgSOL 1
P IO PHTPRDySQL 2
P I —N PHOTO-PROD

R10 N& I/2( j81 0) FROM PI N TO N&3/2( 1232) Ply P-WAVE SQRT(P I+P12)
R10 8 (+ 17) LONGACRE 77 IP WA P I N TO 2PI N

Rll N&j/2 (1810) FROM PI N TO N EPSILON SQRT t P I+P13)
Rll 8 t+. 19) LONGACRE 77 IPWA PI N TQ 2P I N

10/69
5/70
5/70

4/75
4/75
4/75

11/75
1/78
1/78
3/79+
3/79~
3/79+

12/79%
I 2/794

9/73
9/73

9/73
9/73

11/75
11/75
11/75

1/78
1/78

11/75
11/75
11/77

11/77
11/77

lj/77
11/77

11/77
11/77

12/794'
12/79~

2/74
4/75
2/74
2/74
1 /76
1/76

12/79~
I 2/794
3/79+
3/79~

RE
RE 8
RE

IM
IM 8
IM

(1716~ )
j. 745 ~ Q R 1748 ~

(1702. )

LONGACRE 75 IP WA

LONG AC RE 77 I P WA

CUTKOSKY 79 IP WA

P I N TO 2PI N

PI N TQ 2 PI N

TQ

{124. )
135. OR 123.

t 158 ~ )

LONG ACRE 75 I P WA

LONGACRE 77 IP WA

CUTKOSKY 79 I PWA

P I N TQ 2PI N

P I N TO 2PI N

PI N TO PI N

15 N&1/2( 1810) -2+I MAG PART OF PQ{ E POSITION {ME V)

11/75
11/77
I 2 /794

11/75

11/75
11/77
12/794

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
AZ

N& j/2 ( 1810} I
001
087

—~ 006.0
016(- .060)

+ ~ 034
~ 000

—.063

NTO GAM P e

~ 106
~ 057
~ 030.022
016

~ 015
016.032

HELI CI TY=3/2 (G
DE VENI SH
DEVENIS2
KNI ES
METCALF
CRAWFORD
BARBOUR
AZNAURYAN
AZNAURYAN
BA RBOUR

~ ~ ~ ~ ~ 4 4 ~

AVERAGE MEANINGLESS ( SCALE FAC TOR = 1 4)

EV++-j /2 )
73 DP WA

74 DP WA

74 DPWA
74 DPWA
75 DPWA
76 DP WA

77 DP WA

77 DPWA
78 DP WA

P I N PHOTO PROD
P I N PHOTO-PROD
PI N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
PI N PHOTO-PROD
P IO PHTPRD g SOL 1
P IO PHTPRDySOL 2
P I-N PHOTO-PROD

2/74
4/75
2/74
2/74
1/76
1/76

12/79+
12/794'
3/79+

RER

I MR

t-e. }

(-8. )

15 N+I/2(1810} REAL PART OF ELASTIC POLE RESIDUE (MEV)

CUTKOSKY 79 I P WA P I N TQ PI N

15 N& I/2(1810) IMAG PART OF ELASTIC POLE RESIDUE (MEV)

CUTKOSKY 79 I P WA P I N TQ PI N

12/79+

I 2/794

A3
A3
A3
A3
A3
A3
A3
A3
A3
A3

N& j/2( 1810) INTO GAM Ng
132 ~ 173
01 3 ~ 045
014 i 014
0 +050
037 022
02 0)
007 o020

HE LI CI TY=1/2 ( G EV++- I /2 )
DE VENI SH 73 DP WA

DEVENIS2 74 DPWA
KNI E S 74 DP WA

METCA LF 74 D P'WA

CRAWFORD 75 DPWA
BARBOUR 76 D P WA

BARBOUR 78 DP WA

~ ~ 0 ~ ~ ~ ~ 0 ~

AVERAGE MEANINGLESS (SCAL E FACTOR = 1 e 0)

PI N

PI N

PI
PI N

PI N

P I iN

P I-N

PH OTO PROD
PHOTO-PROD
PH QTO PROD
PH OTO- P R QD
PHOTO-PROD
PHOTO-PROD
PHOTO-PROD

2/74
4/75
2/74
2 /74
1/76
1/76
3/79+

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pll
P12
P13

N41/2( 1810)
N& I/2 (1810)
N41/2 t 1810)
N41/2 ( 1810 )
N&1/2{ 1810}
N& 1/ 2 ( 1810)
N4' 1/2 {1810 )
N& I/2 I 1810)
N&1/2 (1810)
N41/2 (1810)
N& I/2 ( 1810)
N4 j/2 (1810)
N&1/2 { 1810)

INTO
INTO
I NTQ
INTO
INTO
INTO
INTO
INTO
INTO
I NTO
INTO
INTO
INTO

PI N

LAMBDA K

N ETA
N PI P I
GAM Pp HELICITY=3/2
GAM P e HEL ICI TY=1/2
GAM Ng HELICITY~3/2
GAM N gHELI CITY=1/2
SI GMA K

N RHOp S= I/Zg P—WAV E
N RHQ& S=3/2gP —WAVE
N+3/2( 1232 ) PI pP-WAVE
N EPSILON

15 N& 1/2(1810) PARTIAL DECAY MODES

DEC AY MASSES
139+ 938

111 5+ 497
939+ 548
938+ 139+ 139

0+ 938
0+ 938
0+ 939
0+ 939

493+1189
93 8+ 776
938+ 776

123 2+ 139
93 8+ 1300

A4
A4
A4
A4
A4
A4
A4
A4
A4
A4

N& j/2( 1810) INTO
~ 080

—~ 083
008
0
038

t+.046)
+ 051

GAM Ng
~133.090.025
~ 044
~ 015

.051

HEL IC IT Y=3/2 ( GE V++- I /2)
DEVENISH 73 DPWA
DEVENIS2 74 DPWA
KNIE5 74 DPWA
METCALF 74 DPWA
CRAWFORD 75 DPWA
BARBOUR 7e DPWA
BARBOUR 78 DPWA

0 ~ ~ 4 ~ 4 ~ 0 ~

AVCRAGE MEANINGLESS (SCALE FACTOR ~ 1.1)

PI N

PI N

PI N

PI N

P! N

PI
P I-N

PHOTO PROD
PHOTO-PROD
PHOTO PROD
PHOTO-PROD
PHOT 0- P ROD
PHOTO-PROD
PHOTO-PROD

2/74
4/75
2/74
2/74
1/76
1/76
3/79&
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Particle Data Group: Review of particle properties S205

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(1810), N(1990)

DCNNACH1 68 PL 268 161
ALSO 68 VIENNA 139
ALSO 68 THE 5 I 5

RUSH 68 PR 173 1776

REFERENCES FOR N¹1/2( 18101

A DONNACHIEg R G KIRSOPPg C LQVELACE (CERN) I JP
DONNACHI E RAPPORTEUR S TALK ( GLA5)
R G KI RSOPP {EDINl
J E RUSH ( UNI V ALABAMA)

RER (3 )

17 N¹1/2( 1990) REAL PART OF ELASTIC POLE RESIDUE {MEV)

CUTKGSKY 79 I'PWA P I N TG PI N

17 N¹1/2(1990) IMAG PART OF ELASTIC POLE RESIDUE (MEV)

12/79¹

BOTKE
DEANS
LEA

69 PR 180 1417
69 PR 185 1797
69 PL 298 584

J C BOTKE ( UCSB)
S DEANS g J WGOTEN {UN IV 5 FLORIDA)
LEAg QADESg WARDgCOWANg+ {RHELg BRISTOLg DARE)

IMR (-6 ) CUTKGSKY 79 I PHA P I N TQ P I N 12 /79¹

AYED 70 KI EV CONF
CARRERAS 70 NP 168 35
DA VIE 5 70 NP B21 359

R AYEDgP BAREYREg G VILLET
8 CARRERASg A DONNACHI E
A DAY I ES

(SACL ) IJP
{DARE g MCHS)

( GLAS)
17 N¹ 1/2( 1990) PARTIAL DECAY MODES

WAGNER 71 NP 825 411

ALMEHED 72 NP 840 157
DEANS 72 PRD 6 1906
DEVENISH 73 PL 478 53
HI CKS 73 PRD 7 2614

DEV EN IS H 74 NP 881 330
DE VE NI52 74 PL 52 8 227
KNI E S 74 PRO 9 2680
METCALF 74 NP 876 253

F WAGNER g C LOVELACE ( C ERN)

DE VENI SHgF RGGGATT g MARTI N(DE SY g NORDITAg LCUC )
DEV ENI SHg L YTHg RANK IN (DE SYg LANC g BGNN) I JP
KNIES g MOORHGUSEg OBERLACK (LBL g GLAS ) I JP
H J METCALF gR L WALKER {CIT}I JP

+LOVELACE (LUNDg RUTG) I JP
DEANSg JACGBSg LYGNSg MONTGOMERY ( SOUTH FLA ) I JP
DEVENISHgRANKI Ng LYTH (LOU C+BONN+LANC ) I J P
+DEANS JACOB Sg LYONS+ (CARN+QRNL+ SOUTH FLA } I JP

Pl
P2
P3
P4
P5
P6
P7
PB
P9

N¹ 1/2 ( 1990 )
N¹ 1/2 ( 1990)
N¹1/2 ( 1990)
N¹1/2 ( 1990)
N¹1/2( 1990)
N¹l/2{1990}
N¹1/2 ( 1990}
N¹1/2 ( 1990)
N¹1/2 (1990)

INTO PI N

I NTG N PI PI
INTO N ETA
INTO LAMBDA K

I NTG GA M P, HE LI CI TY=3/2
INTO GAM Pg HELICITY=1/2
INTO GAM Ng HELl CITY=3/2
I NTO GAM Ng HEL I CI TY=1/2
INTO K S I GMA

D
139+
93 8+
939+

1115+
0+
0+
0+
0+

49 3+

ECAY MASSES
938
139+ 1 39
548
497
938
938
939
939

1189

CRAWFORD 75 NP 897 125
DE ANS 75 NP B96 90
KNASEL 75 PRD 11 1
LQNGACRE 75 PL 558 415

ALSO 78 PRD 17 1795

AYED 76 CEA-N-1921
BA RBOUR 76 NP 811 1 358

AZNAURYA 77 EF I-264 (57)-77
BAKER 77 NP 8126 365
LC NGACR E 77 NP B12 2 493

AL SG 76 NP 8108 365

BAKER 78 NP 8141 29
BA RBOUR 78 NP 8141 253

R L CRAHFGRD (GLAS ) I JP
+MITCHELLg MONTGOMERYg+ ( SFLAgALABAMA) I JP
+LINDQUIST g NELSON+ (CHI Cg WUSL gOSUg ANL ) I JP
+ROSENFELD g LASI NSKI g SMAD JA+ (LBL g SLAC ) I JP
LONGACREg LAS INSKI g ROSENFELD+ (LBLg SLAC )

AYED {THESI S }
I . M ~ BARBOURg R L CRA WFQRD

( SACL} I JP
(GLAS) I JP

+BL I SSET g BLOODHORTHg BRGCME+
BARBOUR gCRAWFORDg PARSONS

(RL+ CAMB ) I JP
(GLAS)

+AKOPQVgBAGDASARYAN (YEREVAN PHYSICS INST ~ ) I JP
+BLI SSET gBLQODHORTHg BROQMEg HART+ (RHEL ) IJP
LONGACRE g DGL BEAU (SACL) I JP
DOL BEAUg TR IANT ISg NEV EUg CAD I ET ( SACL }I JP

j. 7 N¹ 1/2{ 1990 ) BRANCHING RATI 05

N¹1/2 ( 1990) INTO
( 09)

(0~ 15)
{ 06)

~ 06
~ 04

Rl
Rl 3
Rl 7
Rl
Rl
Rl
Rl ~ ~ ~ ~ ~ I ~

Rl AVERAGE MEANINGLESS

( P I N) /TOTAL

02
02

K IRSOPP
A LMEHED
AYED
CUTKQSKY
HOEHLER

~ ~

(SCALE FACTOR = 1 0)

68 RVUE
72 I PHA
76 I P HA

79 I PWA
79 I P WA

(Pl)
P HASE SHIF T ANAL

PI N TO PI N

P I N TO PI N

R2 N¹1/2 \ 1990) INTO ( N E TA} /TOTAL (P3)
R2 8 (0 02 ) (0 ~ 02l DEANS 69 MPWA T POLE + RESON
R2 8 PARAMETR IZATION USED COULD BE IN DANGER OF DOUBLE COUNTING

10/69
2/72

11/77
12179¹
12/79¹

5/70

BAKER 79 NP 8156 93 +BROHNg CLARKg DAV I ESg DEPAGTERg EVANS+ (RHEL) I JP
CUTKOSKY 79 PRO 20 2839 +FGRSYTH ~ HENDRICKg KELLY (CARN+LBL ) IJP
HOEHLER 79 HANDBOOK OF PI-N SCATTER INGg PHYSI K DA TEN VOL 12—I

+KAISER gKGCH g PI ET ARI NEN /KARL SRUHE I JP
SAXON 80 NP 8162 522 +BAKER gBE LLg BLI SSETT g BLOOD WORTH+ (RHEL+BRIS } I JP

R3 N¹1/2(1990) FROM GAMMA PROTON TQ K LAMBDA SQRT ( ( P5+P6) ¹P4)
R3 .0034 DEANS 72 MPWA GAM P —K LM g SOL 0

R4 N¹1/2(1990) FROM GAMMA PROTON TQ ETA PROTON SQRT((P5+P6) ¹P3)
R4 H 0045) HICKS 73 MPHA GAM P-ETA P

9/73
9/73

9/73
9/73

DEANS 69 PR 177 2623
DQNNACHI 69 NP 108 433

S R DEANS
A DGNNACHIE g R KI RSOPP

(UN IV 5 FLOR IDA )
( GLAS+E C IN )

PAPERS NGT REFERRED TO IN DATA CARDS
R5 N¹1/2{ 1990) FROM PI N TO K SIGMA S QRT (Pl¹P9) 9/73
R5 1 06 ) LANGBEIN 73 IPWA P I N-K SIGgSOL 1 9/73
R5 2 ( ~ 010}TQ ~ 023 DEANS 75 DPWA P I N TQ K SIGMA 11/75
R5 2 RANGE GI VE'N I S FROM FOUR 8 EST SOLUTIONS 11/75

AY ED
APLI N

MA

W INN IK

70 PL 318 558
71 NP 832 2 53
76 PRD 13 3027
77 NP 8128 66

+BAREYREgVILLET (SACLAY )
+CQ WAN g G IB SC N g G ILMQRE++ ( RHEL g BR I S TOL )
E. MAgG ~ { . SHAH (OREG+ UCI ) I JP
+ TOAFF gREVE L gGOLDB ERG g BERNY {HAIF) I

R6
R6
R6

R7 N¹1/2 {1990 } FROM PI N TQ ET A N

R7 {— 043 ) BAKER
SQRT(P 1¹P3)

79 DPHA 0 PI — P TQ ETA
12/79¹
12/ 79¹

N¹1/2(19901 FROM PI N TO K LAMBDA S QRT {P 1¹P4) 4/75
—.021 033 DEVENISH 74 0 FIXED T DI SP REL 4/75

NOT SEE N SAXON 80 DPWA 0 P I- P TO K LAM 12/79¹

17 N¹ 1/2( 1990 g JP-7/2+ ) I g 1/2
17 N¹1/2( 1990 ) PHOTON DECAY AMPL ( GEV¹¹- 1/2)

FOR DEF INI T ION OF GAMMA-NUCL EON DECAY AMPL I TUDE S g SE E MI NI-
RE VIEW PRECEDI NG THE BARYON LISTINGS ~

17 N¹1/2( 1990 ) MASS (MEV)

Al N¹1/2 (1990) INTO GAM Pg HEL ICITY& 1/2 ( GEV¹¹-1/2}
Al (+.011) BARBOUR 76 DPHA
Al 4 ( 040) BARBOUR 78 DP WA

A 1 4 SUPE R SEDE S BARBOUR 76.
P I N PHOTO-PRO D

P I —N PHOTO-PROD

1/76
1/76
3/79¹
3/79¹

PHASE-SHIFT ANAL
P HAS E SHIFT ANAl

EYEBALL FIT CERN I
P I-P ELASTIC

3
3
3
X
X
7

H

1
1
1
1

M (1983~ 0) DGNNACHl
M (1995. ) KIRSGPP
M HHER E MAX AB SORPT ION I S -DGNNACHl g 2
M {2000 ~ 0) APPROX { EA
M SEE ALSO APLI N 71
M (2000 ' ) ALMEHED 72 IP WA

M (1970 HICKS 73 MPHA GAM P-ETA P
M ONLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LISTINGS ~

M M AND H ARE FROM SOLUT ION C2g BR~ SQRT(G ) /H WITH G FROM TABLE VII
M ( 1960 ) LANGBEIN 73 IPHA PI N-K SIGgSQL 1
M NOT SEEN IN SQLUTIGN 2 OF LANGBEIN73
M DEAN 575 AND LAiNGBE IN73 DIS AGREE W ITH P I+ P TO K+ SIGMA+ DATA GF
M HINNI K77 AROUND 1920 MEV ~

M (2049 } AYED 76 I P WA

M 4 (1999' } BARBOUR 78 DPHA P I-N PHOTO-PROD
M 1970~ 80 ~ CUTKOSKY 79 I PWA PI N TO PI N

M 2005 ~ 150 ~ HQEHLER 79 IPWA PI N TO PI N

M ~ ~ ~ ~ ~ ~ ~ 0 ~

M i AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ Oi

10/69
10/69

8/69

2/72
9/73
9/73
9/73
9/73
9/73
1/78
1/78

11/77
3/79¹

12/79¹
12179¹

A4 N¹1/2{ 1990) I NTO GAM Ng HEL I C ITY=3/2 ( GEV¹¹-1/2)
A4 (-.070) BARBOUR 76 DPWA
A4 4 072) BARBOUR 78 DP HA

P I N PHOTO-PROD
P I-N PHOTO-PROD

DONNACH1 68 PL 268 161
KIRSOPP 68 THES IS

REFERENCES FOR N¹1/2 (1990)

A DONNACHI E g R G KIRSQPPg C LOVELACE (CERN ) I JP
R G K I R SOP P (EGIN)

DEANS 69 PR 185 1797 5 DE AN Sg J WOGTE N {UNIV 5 FLORIDA)
LEA 69 PL 298 584 L EAg GAGES g WARD gCO'HAN g+ ( RHELg BR I STOLg DARE )

A2 N¹1/2 (1990) INTO GAM Pg HEL ICITY=3/2 {GEV&¹-I/2)
A2 (- 008) BARBOUR 76 DPHA PI N PHOTO-PROD
A2 (+.004) BARBOUR 78 DPHA PI-N PHOTO-PROD

A3 N¹1/2{ 1990) INTO GAM Ng HELIC I TY= 1/2 (GEV¹¹-I/2)
A3 (-.099) BA RBOUR 76 DP WA P I N PHOTO-PROD
A3 4 (-.069) BARBOUR 78 DPWA P I-N PHOTO-PROD

I/76
1/76
3/79¹

1/76
1/76
3/79¹

1/76
1/76
3/79¹

17 N¹ 1/2( 1990) WIDTH (MEVl

DQNN ACH1
KIRSGPP
ALMEHED
HICKS
LANGBE IN
AY ED
BARBOUR
CUTKQSKY
HG EHLE R

( 225
(250 ~

( 200+
( 300 ~

(170
( 119.
( 216
325
350+

H 3
3

H 7
W H

H 1
W

W 4
H

W

~ ~

AVERAGE MEAN

0)
)

)
)
)
)

150.
100

~ ~ ~ ~ ~ ~

INGLESS (SCALE FACTOR = 1 0)

68 RVUE
68 RVUE
72 IPHA
73 MP WA

73 IP WA

76 I PHA
78 DP WA

79 IPHA
79 I PWA

P HASE SHIF T ANAL

GAM P-ETA P
P I N-K SI G ~ SQL 1

P I-N PHOTO-PROD
PI N TO PI N

PI N TO PI N

RFE ( 1899 ~ )

17 N¹1/2(1990) REAL PART OF POLE POSITI CN {MEV)

CUTKOSKY 79 I PWA P I N TG P I N

8/69
1 0/69

2/72
9/73
9/73

1 1/77
3/79¹

12/79¹
12/79¹

12/79¹

ALMEHED 72 NP 840 157
DEANS 72 PRD 6 1906
HICKS 73 PRD 7 2614
LANGBE IN 73 NP 853 251

DEVENISH 74 NP 881 330
DEANS 75 NP 896 90

AYED 76 CEA-N-1921
BARBOUR 76 NP 8111 358

g LOVELACE ( RUTG) I JP
DEANS g JACOBSg LYONSg MONTGOMERY (SOUTH FLA ~ ) I JP
+DEANSg JACOB Sg LYONS+ (CARN+ORNL+SGUT H FLA ) I JP
LANGBE INg WAGNER ( MUNICH ) I JP

DEVENISHg FROGGATTg MARTI N( DE SY g NGRDITA g LCUC )
+MITCHELL g MCNTGGMERY g+ { SF LAg ALABAMA ) I JP

AY ED (THES IS I
I ~ M. BARBQURg R L ~ CRA WFORD

( SACL) I JP
(GLAS) I JP

BA RBQUR 78 NP 8141 253 BARBOURg CRAWFORDg PARSONS {GLAS)

BAKER 79 NP 8156 93 +8ROWNg CLARKg DAV I E Sg DEP AGTER g EVAN 5+ ( R HE L ) I J P
CUTKOSKY 79 PRD 20 2839 +FORSYTH gHENDRICKg KE LLY (CARN+LBL) I JP
l-,OEHLER 79 HANDBOOK OF PI-N S CATT ER INGg PHY SIK OATEN VOL. 12-1

+KAI SERg KQCHg PIETARINEN /KARLSRUHE IJP
SAXON 80 NP 816 2 522 +BAKER g BELL g BLI SSETT gBLCQDHORTH+ (RHEL+BR IS ) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

IME ( 208. )

17 N¹1/2 (1990 I -2¹I MAG PART OF PCLE POS IT IQN {M EV )

CUTKOSKY 79 IPWA P I N TQ 'PI N 12/79¹

DEANS
AY ED
APLIN
MA

H I NNIK

69 PR 177 2623
70 PL 318 598
71 NP 832 253
76 PRD 13 3027
77 NP 8128 66

5 R DEANS
+BAREYRE g VILLET
+COHANg GI BSONg GILMORE++
E ~ MAgG L ~ SHAW
+TOAFF g R EV E L g GO LOB ERG g 8 ERNY

(UN IV 5 FLQR IDA )
( SAC LAY )

( RHELg BR I STOL)
(OREG+UCI ) I JP

(HAIF } I
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8206 Particle Data Group: Review of particle properties

9aryons
N(2000), N(8040)

Data Card Listings
For notation, see key at front of Listings.

16 N+ 1/2( 2040) WI DTH {HE V )

N(aooo) 06 N+ 1/2(2000 g JP=5/2+) I=1/2

72 I P WA

72 MP HA

73 I PWA
GAM P-K LM t SOL D

P I N-K S IGsSOL 2

76 I P HA

79 I PWA PI N TG PI N

06 N+ I/2( ZOOO) MASS ( HE V)

7 {2175 ) ALHEHED
-(1930 ' } DEANS

1 ( 1970. ) LANG BEIN
1 NGT SEEN IN SOLUTION 1 OF LANGBEIN73

(2025 ~ ) AY ED
1882 ~

lory

HQEHLER

2/72
9/73
9/73
9173

ll/77
12/794

W

'W 3
3
7

W 1

W L
W H

W

W 4
W

H AV

( 293 ~ 01
( 290 ~ )
( 240 ~ l
(150 }
(224 ~ )
( 116~ )
125. 50 ~

3 00 ~ 100 ~

265 ~ 40 ~

(240. )
~ » ~ ~ » ~ ~ » ~

ERAGE MEANINGLESS (SCAL'E FACTOR
SEE THE NOTES ACCOMPANY ING THE

DONNACH1
DGNNACH2
K IRSOPP
ALMEHED
HICKS
AYED
CUTKGSKY
CUTKOSKY
HOEHLE R
SAXON

68 RVUE
68 RVUE
68 RVUE
72 I PWA
73 HPHA
76 I PWA
79 IP WA

79 IP WA

79 I P WA

80 DPHA

1 7)
MASSES QUOTED'

9 HAS. SHIFT-CERN1
P HASE SHIFT ANAL

GAM P-E TA P

PI N TQ PI N

PI N TO PI N

PI N TG PI N

0 P I- P TO K LAH

8/69
10169
10/69

2/72
9/73

11/77
12/794
I2/794
12/794
12/79%

06 N+ 1/2 (2000) WIDTH (HEV )

REE L (1818~ )
REE H (2053 )

16 N+ I/2( 2040) REAL PART OF POLE POSITION (HEY)

CUTKGSKY 79 IPWA P I N TO PI N

CUTKOSKY 79 IPWA P I N TO PI N

I2/794
I 2/794'

W 7
H

W 1

W

(150 )
(112 )

(170~ )
(157 )

95 20 '

ALHEHED 72 I PHA
DEANS 72 MPHA
LANGBEIN 73 I P HA

AY ED 76 IP HA

HGEHLER 79 IPWA

G AH P-K L M ~ SOL
9 I N-K SI G sSOL

PI N TO PI N

2 172
0 9/73
2 9/73

11/77
12/794 IHE L

IME H

(122 )
(308. }

16 N+1/2(2040} -2+I MAG PART OF PCLE POSITION (MEV )

CUTKGSKY 79 I PWA P I N TO P I N

C UTKOSKY 79 I P WA P I N TO PI N

I 2/794
j2/794

Pl
92
P3
P4
P5
96
P7
P8

N& I/2 ( 2000)
NCI/2(2000)
N&l/2 (2000)
N& j/2 (2000)
M'I /2 (2000)
N& I/2 ( 2000}
N~j/2(2000)
N&j/2(2000)

06 N+1/2 (2000 ) PART IA L DEC AY MODES

INTO PI N

INTO LAMBDA K
INTO GAH 9 HELICITY=3/2
INTO GAH P HELICI TY= 1/2
INTO GAH Ny HELICITY&3/2
INTO GAM NgHELICI TY=1/2
INTO K SIGHA
INTO ETA N

DECAY HA SSE S
139+ 938

1115+ 497
0+ 938
0+ 938
0+ 939
0+ 939

493+ 1 189
939+ 548

RER L
RER H

IMR L
IMR H

(3 )
(24» )

(-3
(-10 )

CUTKOSKY 79 IP WA

CUTKOSKY 79 IPWA
PI N TO PI N

PI N TG PI N

jb N+1/2(2040) IMAG PART OF ELASTIC POL E RESIDUE ( MEV)

CUTKOSKY 79 IP WA

CUTKOSKY 79 I PW A

PI N TQ PI
PI N TO PI N

jb N+1/2(2040) REAL PART OF ELASTIC POL E RESIDUE (MEV)

12/794
I2/794

12/7 94
12/794

06 N+ I/2(2000) BRANCHING RATIOS

R2
R2

N+j/2 (2000 ) FROH GAHHA PROTON TD K LAHBDA SQRT {( P3+P4 ) + P2) 9/73
( ~ 0022 ) DEANS 72 MPWA GAM P-K LMgSOL D 9173

R3 N+ I/2 (2000) FROH PI N TO K SIGMA SQRT(91+97) 9/73
R3 1 ( ~ 05 ). LANGBEIN 73 IPWA P I N-K S IGgSOL 2 9/73
R3 2 ( .022) DEANS 75 DPHA P I N TO K SIGHA 11/75
R3 2 VALUE GI VEN IS FROM SOLUT ICN jy NOT PRES ENT IN SOLUT IGNS Zg 3g 4» ll/75

Rj N& I/2 {2000) INTO (P I N) /TOTAL (91)
Rl 7 {0~ 25) ALMEHED 72 IP WA 2/72
Rl ( ~ 08) AYEO 76 I PWA 11/77
Rl ~ 04. ~ 02 HOEHLER 79 IPHA P I N TQ PI N 12/79+

Pl
92
P3
P4
P5
96
97
P8
P9

N~l/2 (2040)
N+ j/2( 2040)
N&j/2(2040)
N&j/2(2040)
N&j/2(2040)
NAj/2{2040)
N4 j/2( 2040)
N&j/2(2040)
N+j/2(2040}

16 N+ 1/Z( 2040) PARTIAL DECAY NODES

INTO P I N

I NTO N PI PI
INTO N ETA
I NTO LAHBDA K

INTO GAH P g HEL I C I TY=3/2
I NTCI GAH P y HEL I C ITY= 1/2
INTO GAH NyHELICITY=3/2
INTO GAH Ng HEL ICITY=l/2
INTO SIGHA K

DECAY HASSES
139+ 938
93 8+ 139+ 1 39
93 9+ 548

111 5+ 497
0+ 938
0+ 938
0+ 939
0+ 939

493+1189

R4
R4

R5
R5

N+ I/2 (2000) FRCH P I N TQ K LAMBDA
NOT SEEN SAXON

N+1/2(2000) FRGH PI N TO ETA N

(+ ~ 03 ) BAKER

SQRT(P I+PZ)
80 DPWA 0 P I- P TO K LAH

S QRT (P j&PB)
79 DPWA 0 P I — P TO ETA N

REFERENCES FOR N+j/2(2000)

y LOV EL ACE (RUTG) I JP
DEANS' JACOBS' LYCNSgMONTGOHERY {SOUTH FLA )I JP
LANGBE INt WAGNER ( HUNICH) I JP
+MITCHELL ~ MONTGOHERY g+ ( SF L Ay ALABAMA ) I JP
AYED ( THESIS) (SACL) I JP

ALHEHED 72 NP 840 157
DEANS 72 PRO 6 1906
LANGBEI N 73 NP 853 251
DEANS 75 NP B96 90
AY ED 76 C EA-N- 1921

BAKER 79 NP 8156 93 +BROWNgCLARKg DA VI ES g DEPAGTERg EVANS+ {REEL l I JP
HOEHL ER 79 HANDBOOK OF P I-N S CATT ER IN Gg P HYS I K DA TEN VOL ~ 12—1

+KAI SERgKGCH y PIETARINEN /KARL SRUHE I JP
SAXON 80 NP 8162 522 +BAKER ABEL Le BLI SSETT e BLCODHQRTH+ (RHEL+BRI S }I JP

PAPERS NOT REFERRED TQ IN DATA CARDS

HA 76 PRD 13 3027 E ~ HAg G ~ L ~ SHAW (OR E G+UC I ) IJP

III
16 N+ 1/2( 2040 g JP=3/2-) I =I/2 i3
THERE ARE INDICATIONS OF 1 OR 2 RESONANCES IN THIS WAVE
WITH MASSES BETWEEN 1800 AND 2200 ME V ~ THE EVIDENCE
IN THE PI N CHANNEL IS RATHER STRONG (SEE CUTKOSKY 79
AND HOEHLER 79) BUT I 5 NGT YET CQNCLUSI VE ENOUGH FOR
INCLUSION IN THE TABLES.

12/79+
12/794

12/79+
12/79+

16 N+ 1/ 2( 2040 } BRANCHING RA TI 0 S

Rl N+ I/2 ( 2040) INTO ( P I N) /TOTAL
Rl 3 26)
Rl 3 ( 15)
Rl 7 (0 ~ 3)
Rl ( ~ 10)
Rl L ~ 06 »03
Rl H ~ 13 ~ 05
Rl ~ 06 ~ 02
Rl » ~ ~ ~ » ~ ~ ~ ~

Rl AVERAGE HEANI NGLESS (SCALE FACTOR

DGNNACH2
KIRSQPP
ALMEHED
AY ED
CUTKGSKY
CUTKOSKY
HQEHLER

1.0}

(Pj)
68 R VUE P HAS» SHIF T-CERN 1
68 RVUE PhASE SHIFT ANAL
72 I P WA

76 I PHA
79 I P WA

79 I 9 WA

79 I PWA

R5 N+I/2 (20401 FROM PI N TG K S IGMA SQRT(P j+P9)
R5 2 ( ~ 014}TO ~ 037 DEANS 75 DPHA P I N TO K SI GHA
R5 2 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS ~

R5 2 DE ANS75 DI SAGREES WITH PI+ P TO K+ S I GHA+ DATA OF W I NNIK77
R5 2 AROUND 1920 HEV ~

R6 N+1/2( 2040) FROM PI N TO K LAHBDA SQRT (Pl&94)
R6 4 (+.03) SAXON 80 DPWA 0 PI- P TO K LAM
Rb 4 COUPLING PHASE IS NEAR -90 DEGREES. THIS IS THE ONLY D13 RESONANCE
R6 4 ABOVE THE M+1/2( 1700t3/2-) REQUI RED IN THE SAXON80 A NALYS IS.

R7
R7

N+ 1/2 ( 2040) FROM P I N TO ETA N

NQT SEEN BAKER
S QRT {P j+P3)

79 DPHA 0 PI — P TO ETA N

R2 N&j/2(2040} INTO (N ETA)/TOTAL ( P3)
R2 B (0» l OR 0 ~ 009 CARRERAS 70 MPHA T POLE + RESON
R2 B PARAHETR IZATION USED COULD BE IN DANGER OF DOUBLE COUNTING

R3 N& j/2 ( 2040) FROM GAMMA PROTON TO K LAMBDA SQRT ( ( 95+96 ) + 94}
R3 ( ~ 0070} DEANS 72 HPHA GAM P-K LMg SOL D

R4 N&j/2 (2040) FROM GAMMA PROTON TO ETA PROTON SQRT ( ( P5+P6) + P3)
R4 1 ( 0037) HICKS 73 MPHA GAH P-ETA P

10/69
10/69
2/72

11/77
12/79~
12 /794
12/79+

5/70

9/73
9/73

9/73
9/73

11/75
11/75
11/75
1/78'
1/78

12/794
12/794
12/ 794
12/794

12/79~
12/79+

16 N& I/2{ 20401 HA S S ( ME V }

M 3
M 3
M 3
M 3
H X

M X
M 7
M 1
M 1
H 1
M

M

H H

M LH
M LH
M LH
M

H 4
M

H AV

(2{:57 0) DGNNACH1 68 RVUE P HASE-SHIFT ANAL
(2030 ~ ) DONNACH2 68 RVUE PHAS ~ SHIFT-CERNl
(2 040. ) K I RSOPP 68 RVUE 9 HASE SHIFT ANAL

WHERE HAX ABSORPTION I S -DGNNACH1 2 KI RSOPP EYEBALL FIT CERN 1
(2030 ~ 0) AP PROX LEA 69 CNTR P I-P ELASTIC

SEE ALSO APL IN 71
{2075 ' ) AL ME HED 72 I P WA

(2 090 ) HICKS 73 MPHA GAM P-ETA P
ONLY STATE S FROM TABLE VI I OF HICKS73 ARE INCLUDED IN LISTINGS ~

M AND H ARE FROM SOLUTION C2 ~ BR~SQRT(G)/H WITH G FROM TABLE VII
(2029» ) AY ED 76 I PWA
1830~ 50 CUTKOSKY 79 IPWA PI N TO PI N

2 100» 80 ~ CUTKGSKY 79 IPHA P I N TO PI N

CUTKOSKY79 FINDS A LOWER MASS D13 RESONANCE AS HELL AS ONE IN THIS
MASS REGION BOTH ARE L ISTED HERE ~ AND LABLFD L AND H FOR LOH AND
HIGHS AWAI TING CONFIRHATION OF THE LQHER MASS STATE ~

2081 20 ' HOEHLER 79 I PHA P I N TQ PI N

{1900~ ) SAXON 80 DPWA 0 PI- . P TO K LAM
~ ~ ~ ~ ~ ~ ~ ~ ~

ERAGE MEANINGLESS ( SCALE FACTOR ~ 3»3)

6/68
10/69
10/69
10/69

8/69

2/72
9/73
9/73
9/73

11/77
12/79+
12/794
12/79~
12/794
12/794
12/79+
12/79+

Al
Al

A2
A2

A3
A3

A4
A4

16 N j/2(2040) PHOTON DECAY AHPL (GEV++-l/2 }

FOR DEF I NI TICN OF GAMHA-NUCLEON DECAY AHPL ITUDESp SE E MINI-
REVIEH PRECEDING THE BARYON LI STINGS ~

N& I/2( 2040) INTO GAH Pt HELICITY=1/2 ( GEM+-I/2 )
~ 026 0 52 DEVENIS2 74 DPWA P I N PHOTO-PROD 4/75

N+ I/2{ 2040) INTO GAM Py HEL ICITY=3/2 (GEV++- I/2)
» 128 ~ 057 DE VENI S2 74 DP WA P I N PHOTO-PROD 4/75

N+I/2 (2040) INTO GAH N HELICITY=1/2 (GEM+- I/2)
»053 ~ 083 DEVENIS2 74 DP WA P I N PHOTO-PROD 4/75

N+ I/2 ( 2040 ) INTO GAM Ne HEL IC ITY=3/2 ( GEV++- I /2)
~ 100 ~ 141 DEVENIS2 74 DPHA PI N PHOTO-PROD 4/75
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Particle Data Group: Review of particle properties S207

Data Card Listings
For notation, see key at front of Listings.

BarynnS
N(2040), N(2100), N(2190)

REFERENCES FOR N¹1/2( 2040} 05 N¹1/2(2100) WIDTH ( MEV)

LEA 69 PL 29B 584

DGNNACH1 68 PL 26B 161
DCNNACH2 68 VIENNA 139
K I R SOPP 68 THE S I S

A DONNACHIE g R G KIRSOPPg C LQVELACE (CERN) I JP
DONNACHI E RAPPORT EUR ~ S TALK ( 6LAS )
R G KI RSGPP (E DIN }

LEAg GAGES ~ WARDgCOWANg+ {RHELg BRISTOLg DARE)

W 7

H E
W

( 150~ )
( 206» )

(53 ~ )
310»

(220 )
50

ALMEHED
AYED
BAKER
HOEHLE R
SAXCN

72 IPWA
76 I P WA

77 DPWA
79 I PWA
80 0PWA

0 P I- P TO K LAM ~

PI N TO PI N

0 PI — P TO K LAM

2/72
11/77

1/78
12/79¹
12/79¹

CA RRERAS 70 NP 168 35 8 CARR ERAS y A DONNAC HIE (DAREy MCHS)

ALMEHED 72 NP 840 157
DEANS 72 PRO 6 1906
HICKS 73 P RD 7 2614

DE VENIS2 74 PL 52B 227
DE A}45 75 I4P B96 90
AYED 76 C EA-N 1921

DEVENISHgLYTHgRANKIN
+MITCHELL gMONTGOMERYg+
AYED ( THES IS )

(DESY g LANC ~ BCiNN ) IJP
{SF LA g ALABAMA ) I JP

(SACL) I JP

+LOVEL AC E (LUND yRUTG) I JP
DEANS ~ JACOBS y LY GNS g MOiNTGOM ERY (SOUTH FLA ~ ) I JP
+DEANS g JACOB Sg LYONS+ (CARN+ORNL+SOUTH FLA ~ ) I JP

05 N¹1/2(2100) PARTIAL DECAY MODES

Pl N¹1/2( 2100) INTO PI N

P2 N¹l/2 (2100) INTO LAMBDA K

P3 N¹1/2{ 2100) INTO ETA N

DECAY MASSES
139+ 938

1115+ 497
939+ 548

BAKER 79 NP 8156 93
CUTKOSKY 79 PRD 20 2839
}0 EHL ER 79 HANDBOOK OF P I-
SAXON 80 NP 8 162 522

+BROWNg CLARKy OAVIESg DEPAGTERg EVANS+ ( RHEL) I JP
+FORSYTH g HENDRI CKg KELLY (CARN+LBL ) I JP

N SCATTERING g PHYSI K DA TEN VOL ~ 12-1
+KAISERy KOCHg PIETARINEN /KARLSRUHE I JP
+BAKER gB ELLg 8LI SSETT y BLCGDWQRT H+ (RHEL+BRIS ) I JP

PAPERS NOT REFERRED TQ IN DAT A CARDS

05 N¹1/2( 2100 ) BRANCHING RATIOS

Rl N¹1/2 (2100) II4TO (P I N)/TOTAL (Pl}
Rl 7 (0 2} AI MEHED 72 IPWA
Rl ( ~ 09} AYED 76 I P HA

Rl F 07 »02 HOEHLER 79 IP WIA P I N TG PI N

2/72
11/77
12/79¹

DGNNACHI 69 NP 10B 433
AY ED 70 PL 31B 598
APLI N 71 %P 832 Z53
MA '76 PRO 13 ' 3027
W INN IK 77 I4P 8 128 66

A OGNNACHIEy R K IRSQPP
+BAREYRE g VI LLET
+COWAN g GI 8 SON g GI LMOR E++
E ~ MAg G ~ L ~ SHAW
+ TGAFF g RE VEL gGQLDB ERG g BERNY

( GLAS+E DIN)
( S AC LAY )

( RHELy BRI STOL )
(OREG+UC I ) I JP

(HAIF) I R3
R3

N¹1/2 ( 2100) F RGM PI N TO ETA N

( .066) BAKER
SQRT (Pl¹P3)

79 DPWA 0 PI — P TO ETA N

1Z/'79¹
1Z/79¹

R2 N¹l/2 ( 2100 ) FROM P I N TQ LAMBDA K SQRT ( P 1¹P2)
R2 E {-»06) BAKER 77 DPWA 0 P I — P TQ K LAM ~ 1/78
R2 (- 05) SAXON 80 DPWA 0 PI- P TO K LAM 12/79¹

04 N¹ 1/2( 2100 y JPg: 1/2- ) I~ 1/2
ALME HED 72 NP 840 157
AY ED 76 C EA- N- 1921
BAKER 77 NP 8126 365

REFERENCES FGR N¹1/2 (2100}

+LQV ELAC E ( LUND g R UTG }I J P
AYED ( THES I S) I SACL) I JP
+Bt. I SSCTgBLGGDWORTH g BRGGME g HART+ ( RHEL) I JP

04 N¹ 1/2(2100) MASS (MEV)

BAKER 79 NP B156 93 +BROWN g CLARK g DA VI ESg DEPAGTERg E VANS+ ( RHEL) I JP
HOEHLER 79 HANDBOOK OF Pj-N SCATTERINGg PHYSIK DATEN VQL 12-1

+KAI SERg KOCH g PI ETARI NEN /KARLS RUHE IJP
SAXON 80 NP 8162 522 +BAK ERg BELLy Bl I SSETT y Bl OGDWQRTH+ (RHEL+BRI S) I JP

PAPERS NGT REFERRED TO IN DATA CARDS

M

M 7
M

M

t 2070, )
(2100 )
(22 80 ~ )

1 880» 20 ~

ROY CHGU D

ALMEHED
AY ED
HOEHLE R

71 DPWA
72 I PWA
76 IP WA

79 IPWA PI N TG PI N

3/72
2/72

11/77
12/79¹

MA 76 PRO 13 3027 E ~ MAg G ~ L» SHA W ( ORE G+UC I ) I J P

W 7
W

W

( 200 ~ )
(320 ' )

95

04 N¹1/2(2100 ) WIDTH (MEV )

ALMEHED
AY ED
HOEHLER

72 I PWA
76 IPWA
79 I PWA Pl N TG PI N

2/72
11/77
12/79¹

2100 MEV REGION —PRODUCTION EXPERIMENTS

114 N¹1/2(2100 JP= ) I=1/2 PRODUCTION EXPERIMENTS

RESONANCiE-L IKE BUMP OBSERVED IN PP TO P{N P I+) AT CERN
I SR (DE KERRET 76) ~ THE ENHANCEMENT SHDWS UP MORE
CLEARLY WHEN EVENTS CORRESPONDING TG TRANSVERSAL DECAYS
OF THE (N PI+) SYSTEM ARE SELECTED g CONTRARY TG WHAT
WOULD BE EXPECTED FOR A DIFFRACTIVE-LIKE EFFECT ~

Pl
P2

04 N¹l/2(2100) PART IAI DECAY NODES

N¹l/2 ( 2100} I NTO PI N

N¹1/2 t 2100 ) INTO LAMBDA K

04 N¹1/2 (2100) BRANCHING RATI GS

DECAY MA SSE S
139+ 938

1115+ 497

(2100~ )

114 I4¹ I/2 (2100) MASS (MEV ) ( PROD ~ EXP ERIMENTS)

DE KERRET 76 I SR + P (N PI+ }E¹~45GE V 1/78

R2
R2

N¹1/2 (Z100} FRCM PI N TG K t AMBDA
NOT SEEN SAXON

SQRT tPl¹P2)
80 DPWA 0 PI — P TQ K LAM

12/79¹
12/79¹

REFERENCES FOR N¹1/2{ 2100)

Rl N¹1/2 (2100) INTO (PI N)/TOTAL (P 1)
Rl 7 (0 ~ 5) ALMEHED 72 IPWA 2/72
Rl t 15) AYED 76 IP WA 11/77
Rl 09 ~ 05 HGEHLER 79 I PWA P I N TO P I N I?/79¹

114 N¹ ll2(?100 ) PART IAL DECAY MODES t PROD EXP» )

DECAY MASSE S
Pl N¹1/2 ( 2100 ) INTO PI N 139+ 493

¹¹¹¹¹¹¹¹¹
REFERENCES FOR N¹l/2 (2100) PROD ~ EXP ER IMENTS

DEKERRET 76 PL 638 477 g483 +NAGYg REGLERg BRANDT+ (CERN+HAMB+IPN+V IEN)

RCYCHOUD 71 NP B27 125
ALMEHED 72 NP 840 157
AY ED 76 C EA-N-1921

R K ROYGHOUDHURY g 8 H BRANSDEN
+LOVELACE
AYED ( THESIS)

(DURH) I JP
(LUNDg RUTG ) I JP

( SACL) I JP

HOEHLER 79 HANDBOOK OF PI -N SCATTERI NGg PHYSI K DATEN VGL ~ 12-1
+KAISER KOCH PIETARINEN /KARLSRUHE I JP

SAXON 80 NP B 162 522 +BAKER y BELLg BLISSETT g BLGGDWORT 8+ (RHEL+BRIS ) IJP

PAPERS NOT REFERRED TQ IN DATA CARDS

MA 76 PRD 13 .3027 E ~ MAgG ~ L SHAW ( GREG+UCI ) I JP

¹'¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

71 N¹ ll 2( 2190 JP=7l2- ) I=j.l2

THI S R ESQI4ANCE I S WELL E STAB LI SHED

71 N¹ 1/2( 2190) MASS ( ME V)

N(21oo) 05 N¹1/2( 2100 g JP=5/2-) I=j/2

M 7
M

M E
M E
M E

M

05 N¹ 1/2( 2100) MASS {MEV)

(2100. ) ALMEHED 72 IPWA
(2076. ) AYED 76 I PWA
(1870 ~ ) BAKER 77 DPWA 0 P I- P TO K LAM»

IN ADDIT ION TG THE LISTED PARAMETERS OBTAI NED IN A DPWAg BAKER 77
SEE A PQSS IBLE EFFECT ABOVE 2000 MEV IN AN IPWA ~

2228. 30 HOEHLER 79 IPWA PI N TO P I N

(1920 ) SAXON 80 DP'WA 0 PI- P TO K LAM'

2/72
11/77

1/78
1/78
1/78

12/79¹
12/79¹

M

M

M 3

M

M 6
M 6

M

M

M 7
M

M 1
1

M 1
M

M

M

M

M

M

M

M AV

DI DOE NS 63
HOHLER 64
YOKGSAWA 66
DC NNACHl 68
LEA 69
ANDERSON 70
AYED 70

ARGAND DI AGRAM
HULL 70
ANAL DI 71
BRANSDEN 71
RG YCHG UD 71
ALMEHED 72
GTT 72
HI CKS 73

V I I OF HI CKS73 AR E
ON C2g BR= SQRT(G) /W

ABE 74
AY ED 76
BA RBOUR 78
HENDRY 78
BAKER 79
CUTKOSKY 79
HOEHLE R 79
SA XON 80

APPROX

APPROX

FAC TOR = 1 ~ 0)

( 2190 0)
( 2210 ~ 0 )

. (2190~ 0)
{2265 0}
(2000 0)
2180~ . 25 ~

(2158~ 0)
FROM ENER ~ OEP ~ FIT OF

(2260 0)
' {2160 0) ( 50 ~ 0)
(2160» )
( 2200
(2225 ~ )
( 2190~ )
(2208 ~ )

ONLY STATES FROM TABLE
M AND W ARE FROM SOLUTI

(2208 ~ ) t 20 )
( 2141~ )
(2117 ' )
21 40» 40 ~

(2140 )
2150 ' 100 '
2 140~ 12 '

{2180 )
~ ~ ~ ~ ~ ~ » ~ »

ERAGE MEANINGLESS {SCALE

CNTR
RVUE
CN TR
RV UE
CNTR
MMS
IPWA

MP WA

CNTR
DPWA
DPWA
IP WA

MPWA 0
MP WA

INCLUDED
WITH G FR

IPWA
DP WA

MPWA
DPWA 0
IP WA

IPWA
DPWA 0

P I+— P TOTAL
DATA + DISP REL
P I- P DSIG + POL
PHASE-SHIFT ANAL
P I-P ELASTIC
P I- P TO P I- MMS

S MALL ANGL E P I- P
P P AT 24 GEV

PI —P BKWD ELSTC
GAM P-E TA P
IN LISTINGS ~

GM TABLE VII
P+P-&P+Xy JCBN PK

P I-N PHOTO-PROD
PI N TO Pl N

P I- P TO ETA N

P I iN TO PI N

PI N TO PI N
PI- P TO K LAM

7/66
6/68
8/69
2/71
1/71

1/71
10/71
3/72
3/72
2/72
2/73
9/73
9/73
9/73
4/75

11/77
3/79¹

12/79¹
12/79¹
12/7 9¹
12/79¹
12/79¹
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S208 Particle Data Group: Review of particle properties

Baryons
N(2190), N(8800)

Data Card Listings
For notation, see key at front of Listings.

71 N&1/2 (2190) WI DTH ( MEV )

(200 ~ 0)
( 200 ~ 0)
(220 ~ 0)
(298.01
275,

(325 0)
( 239 ~ 0)
(150 )
( 193 ' }
(243. )
(220 )

270 ~

(319.)
300
390
(80 )

D IDDENS
HGHLER
YQKOSA WA

DONNACHl
ANDERSON
AY ED
HULL
ALHEHED
HICKS
AYED
BAR BOU R
HE NDRY
BAKER
CUT KCS KY
HGEHLE R
SAXON

W

W

W

W 3
W

W 6
W

W 7
W 1
W

W

W

W

W

W

W

W

AP. PROX

70.

50 ~

100
30.

63 CN TR
64 RVUE
66 CN TR
68 RVUE
70 MM5
70 IP WA

70 MPWA

72 IP WA

73 MPWA
76 I P WA

78 DP WA

78 MP WA

79 DP WA

79 IPWA
79 I PWA
80 DP WA

QUOT ED ~

~ ~ ~ 0 ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 4)
SEE THE NOTES ACCOMPANYING THE MASSES

P I- P TO P I- MMS

SMALL ANGL E P I-P

GAH P-ETA P

P I-N PHOTO —PROD
P I N TO PI N

0 PI — P TO ETA N

PI N TO PI N

PI N TO PI N

0 PI- P TO K LAM

7/66
7/66
6/68
2/71
1/7 3.

1/7 1
2/72
9/73

11/77
3/79+

12/794
12/794
12/79~
12/794
12/794

DCNNACH1 68 PL 268 161
ALSO 68 VI ENNA 139
ALSO 68 THES IS

A DONNACHIEy R G KIRSOPPy C LOVELACE (CERN) I JP
DONNACHI E RAPPORTEUR S TALK (GLAS)
R G KI RSOPP ( E DIN)

LEA 69 P L 29B 584 LE A y GAGE S y WARD y COW ANy + ( RHEL y BRISTOL y DAR E }

ANDERSON 70 PRL 25 y 699
AYED 70 KIEV CONF
HULL 70 PR D2 1783

+BLES ERy BLI EDENy COLL INS++
R AYEDyP BAREYRE y G VILLET
J HULLy R l EACOCK

( BNL y CARN )
(SACL) IJP

( ISU)

AMALDI 71 PL 348 435
BRANSDEN 71 NP 826 511

ALSO 70 NP 8 16 461
ROY CHOUD 71 NP 827 125

ALME HED 72 NP 840 157
DEANS 72 PRD 6 1906
OTT 72 PL 428 133

ALSO 72 MCG ILL T HES I S
HI CK S 73 PRD 7 263.4

+BIANCASTELLI BOSIO ~ + (I SANI TA ROMA+CERN)
y OGDEN ( DURH) 1 JP
ROYCHQUDHURY y PERRI Ny BRA NSDEN (DURH) IJP
R K RGYCHOUDHURY ~ 8 H BRANSDEN ( DURH) I JP

+LOVELACE ( LUND y RUTG ) I JP
DEANSy JACOBSy LYGNSy MONTGOMERY ( SOUTH FLA }I JP
+TRI SCHUK y VAVRAy RICHARDSy+ (HCGI ySTLOy ICWA) I JP

J,VA VRA ( MCGI ) JP
+DEANS y JACGBSy LYONS+ (C ARN+ORNL+SOUT H FLA ) I JP

ABE 74 P L 538 114 +ALSPECTORy BOMBERQWITZ+ (RUTGy UPNJ y FSU)
DEANS 75 NP 896 90 +MITCHELLy MONTGOMERY y+ (SF LAy ALABAMA) I JP
AY ED 76 CEA-N-1921 AY ED ( THES IS ) ( SAC L) I JP

REE

IME

( 2111 )

{308 )

71 N+ 1/2( 2190) REAL PAR T OF P OLE POSI TI ON ( MET)

CUTKOSKY 79 IP4A PI N TO PI N

71 4+1/2(2190) -2+IHAG PART OF POLE POS ITION (HEV)

CUTKOSKY 79 I PWA PI N TO PI N

12/794

12 /794
SA XON 80 NP 8162 522

BARBOUR 78, NP 8141 253
HE NDRY 78 P RL 41 222
BAKER 79 NP 8 156 93
CUTKOSKY 79 PRD 20 2839
HO EHL ER 79 HANDBOOK OF PI -N

BARBOURyCRAWFORDyPARSGNS {GLAS)
ARCHIBALD WE HENORY {IND+LBL ) I J P
+BROWNyCLARKyDAVIESyDEPAGTERy EVANS+ (RHEL) I JP
+FORSYTHy HENDRI CKy KEI LY ( CARN+LBL) I JP

SCATTERING PHYS IK OATEN VOL 12-1
+KAISERyKOCHyPIETARINEN /KARLSRUHE I JP
+BAKERy BELLy BLISSETT yBLOODWORTH+(RHEL+BRIS) I JP

PAP ERS NOT REFERRED TQ IN DATA CARDS

IMR

(24. )

(-12 )

71 N+ 1/2(2190) REAL PART OF ELASTIC POLE RESIDUE (MEV)

CUTKGSKY 79 IPWA P I N TO P I N

71 N&1/2{ 2190) IMAG PART OF E LA STIC POLE RE SI DUE ( MEV)

CUTKOSKY 79 IPWA PI N TO PI N

12/794

12/79%

BARGER 66
CARROLL 66
CARROLL 66

ERR ATUM
KORMANYO 66
BUSZA 67
AY ED 70
MA 76
W INN I K 77

PRL 16 913
PRL 16 288
P RL 17 1274
CHANGING THE
PRL 16 709
NC 52A 331
PL 318 598
P RD 13 3027
NP 8128 66

V BARGER y 0 CL INE (WISC} P
+CORBETTy DAMERELLy MIDDLEMAS y + ( RHEL ~ OXF ) J L

+CORBETTyDAMEREI LyHIDDLEMASy + (RHELy CXF)J-L
RATHER WEAK DETERMINATION OF J-L TO + 1 (2. )

KORMANYOSy KRISCHy OFALLQNy + (HICHy ANL l P
+DAVISyDUFFyHEYMANN, + (LQUCyWESTFIELD)
+BAREYREy VILLET {SACLAY}
E ~ MAy G L ~ SHAW ( ORE G+UC I ) I J P
+TOAFF yREV EL y GOLDB ERG y BERNY (HAIF) I

Pl
P2
P3
P4
P5
P6
P7
P8
P9

N41/2 ( 2190)
N+1/2 t 2190)
N&1/2 (2190)
No}./2 ( 2190)
N+I/2 (2190)
N&1/2( 2190)
N&1/2 ( 2190)
N& 1/2 ( 2190)
N&l/2 ( 2190)

71 N+1/2 (2190) PARTIAL DECAY MODES

I NTO PI N

INTO LAMBDA K

I NTO N PI PI
INTO GAH P y HEL ICI TY=3/2
INTO GAM Py HELICITY~1/2
INTO GAH N y HE L I CI TY=3/2
INTO GAM Ny HELICITY=1/2
I NTQ ETA N

INTO SI GMA K

DECAY HA SSE S
139+ 938

1115+ 493
938+ 139+ 139

0+ 938
0+ 938
0+ 939
0+ 939

54 8+ 939
493+1189

(2133~ )
2200 ~

( 2200 )
2 268

113 N+1/2(2200 ) MASS (MEV }

100

15

AYED 76 I P WA

HENDRY 78 HP WA

CUTKOSKY 79 IPWA
HOEHLFR 79 IPWA

113 N& 1/2 ( 2200 y J P=9/2 —) I =1/2
19

P I N TO PI N

P I N TG PI N

P I N TO PI N

1/78
12/794
12/79%
12/794

71 N+1/2 (2190) BRANCHING RATIOS

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEAN IN GI ESS ( SCALE FAC TOR = 1 ~ 0)

Rl N&1/2 (2190) INTO (P I N)/TOTAL
Rl (0 ~ 3) APPROX
Rl (0 ~3 } APPROX
Rl 3 (0 349)
Rl 6 (0~ 150)
Rl (0 ' 09)
Rl 7 {0 35)
Rl 25)
Rl (.16)
Rl 16 04
Rl ~ 16 ~ 07
Rl 14 +02
Rl ~ ~ ~ 0 0 ~ ~ ~ ~ 8

Rl AVERAGE MEANINGLESS (SCALE FACTOR

DIDDENS
YQKO SA WA

DONNACHl
AYED
HULL
ALMEHED
OTT
AY ED
HENDRY
CUTKOSKY
HOEHLE R

1 ~ 0)

63 CNTR
66 C NTR
68 RVUE
70 I PlyA
70 MP WA

72 I PWA
72 MP WA

76 I PWA

78 MPWA

79 I P 'WA

79 IPWA

(Pl)

SMALL ANGLE P I-P

0 P I-P BKWD ELSTC

PI N TO PI N

P I N TQ PI N

P I N TO Pi N

7/66
7/66
6/68
1/71
1/73.
2/72
2 /73

11/77
12/794
12/79''
12/794

REE

113 N&1/2(2200) WIDTH (MEV)

(193 )
350 ~

( 330. }
300.

100

40

AYED 76 IP WA

HEND RY 78 MP WA

CUTKGSKY 79 I P WA

HOEHLER 79 IPWA

P I N TQ PI N

P I N TO PI N

P I N TO PI N

~ ~ ~ ~ 0 ~ 0 ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR ~ 1 ~ 0)

( 2169 )

113 N+ 1/2( 2200} REAL PART OF POLE POS ITI CN (MEV )

CUTKOSKY 79 IPWA PI N TO P I N

1/78
12/794
12/794
12/794

12/794
R2
R2

R3
R3

N&1/2 (2190) FROM GAMMA PROTON TO K LAMBDA SQR T ( ( P4+P 5 ) +P2)
{ 0161) DEANS ~, 72 MPWA GAH P-K LMySQL D

N&1/2 (2190) FROM GAMMA PROTON TO ETA PROTON SQRT (( P4+P5) yyPB)
( ~ 0094) HICKS 73 MPWA GAH P-ETA P

9/73
9/73

9/73
9/73 IHE (290. )

113 N+ 1/2( 2200 } —2+IMAG PART OF POLE POSITION (HEV)

CUTKOSKY 79 I P WA P I N TO P I N 12/794
R4
R4 4
R4 4
R4 4
R4 4

N&l/2(2190) FROM PI N TO K SIGMA
( ~ 014)TQ ' ~ 019 DEANS 75

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS ~

DEANS 75 DI SAGREE S WITH PI+ P TO K+ SIGHA+ D

AROUND 1920 MEV.

SQRT (Pl+P9)
DPWA PI N TO K SIGMA

AT A OF W I NNI K77

11/75
11/75
11/75
1/78
1/78 RER (15 )

113 N+1/2(2200) REAL PART OF ELASTIC PGL E RESIDUE (HEV)

CUTKOSKY 79 I P WA P I N TQ P I N 12/79%

R5
R5

R6
R6

N&l/2{ 2190) FROM PI N TO K LAMBDA
(— 02) SAXON

N+I/2 (2190) FROM PI N TO ETA N

(+ ~ 052) BAKER

SQRT (Pl + P2 }
80 DP WA 0 P I- P TO K LAM

SQRT (P I+PS)
79 DPWA 0 P I- P TO ETA N

12/79~
12/79+

12/794
12/794 IMR (-7 ~ )

113 N& 1/2( 2200) I MAG PART OF E LA ST'IC POL E RES I DUE ( HEV )

CUTKGSKY 79 I PWA PI N TO PI N 12/794

Al
Al

A2
A2

71 N+I/2 ( 2190 ) PHOTON DECAY AMPL (GEV++- 1/2)

FOR DEF INITIGN OF GAHMA-NUCLEON DECAY AMPL ITUDESy SEE HINI-
RE VIEW PRECEDING T HE BARYON L IST INGS

N&1/2 (2190) INTO GAM Py HEL ICITY= 1/2 ( GEV+'y-1/2}
(- ~ 03 0) BARBOUR 78 DPWA P I-N PHOTO-PROD

N&1/2 (2190) INTO GAH Py HELICITY=3/2 (GEV~&-1/2)
(+ ~ 180) BARBOUR 78 DP WA P I —N PHOTO-PROD

3/79+

3/79+

Pl
P2
P3

113 N+I/2 (2200) PART IAL DECAY MODES

N& 1/2 ( 2200) I NTO P I N

N& 1/2 {2200 } INTO LAHBDA K

NO1/2 {2200) INTO ETA N

113 N+ 1/2( 2200) BRANCHING RATI OS

DEC AY MA SSE S
139+ 938

1115+ 497
93 9+ 548

A3
A3

A4
A4

N&1/2 ( 2190) I NTO GAM Ny HELI CITY=1/2 (GEVyyyy-1/2)
(- ~ 085) BARBOUR 78 DP WA P I-N PHOTO-PROD

N&l/2( 2190) INTO GAH N HEI ICI TY=3/2 (GEVy+-I /2 )
(+ 007 ) BARBOUR 78 DP WA P I-N PHOTO-PROD

3/79+

3/79*

Rl
Rl
Rl '

Rl
Rl
Rl
Rl

N41/2(2200) INTO (PI N) /TOTAL(.09) AYED
~ 09 02 HE NDRY

( 10) CUTKOSKY
~ 10 ~ 02 HO EHLER

~ 0 ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1,0)

(Pl)
76 I P WA

78 MPWA
79 I PWA
79 IP WA

P I N TO PI N

PI N TO PI N

P I N TO PI N

1 /78
12 /794
12/794
12 /794

DI DDiENS 63 P RL 1 0 262
HOHLE R 64 PL 12 149
YOKQSAWA 66 PRL 16 71I+

REFERENCES FOR N+1/2 (2190)
+J ENKI NS y KYC I Ay R IL EY
G HOHLERy J GI ESECKE
+SUWAy HILLy ESTERLINGy BOOTH

( BNL) I
(KARLSRUHE } I

(ANLy CHIC ) JP R3
R3

N+1/2 (2200) FROM PI N TO ETA N(- ~ 043) BAKER

R2 N&l/2(2200) FROM PI N TG K LAMBDA
R2 NOT SEEN SAXON

SQRT(P14P2)
80 DPWA 0 P I- P TO K LAH

SQRT (P I+P3)
79 DPWA 0 PI — P TO ETA N

12/794
12/79+

12 /794
12/794
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Particle Data Group: Review of particle properties S209

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(8200), N(8880), N()8500), N(8600)

AYED 76 CEA-N-1921
HE NDRY 78 PRL 41 222

REFERENCES FOR N¹l/2( 2200)

AYED (THESIS)
ARCHI BAL D W HENDRY

( SACL) I JP
( IND+LBL ) I JP

3300 MEV REGION —PRODUCTION EXPERIMENTS

BA KER 79 NP B156 93 +BROWNs CLARKs DAVIESs DEPAGTERs EVANS+ (RHEL) I JP '

CUTKOSKY 79 PRD 20 2839 +FQRSYTH sHENDRICKs KELLY (CARN+LBL ) I JP
'HQEHLER 79 HANDBOOK OF PI-N SCATTER INGs PHYSIK OATEN VQL ~12-I

+KAISER KQCHs P I ETAR INEN /KARL SR UHE I JP
SAXQN 80 NP B 162 522 + BA K ER s 8 E L L s BL I S SE TT s BL QOD W 0RT H+ ( RHE I+8 RI S l IJ P

111 N¹ 1/2( 2200s JP=7 ) I= 1/2 PRODUCTION EXPERIMENTS

WE L I ST HERE BUMPS OBSERVED IN THE RANGE 1900-2500 ME V ~

90 N¹1/2 ( 2220 ) MASS ( MEV )

M ( 2 200 ~ l APPROX ~

M 6 (2221. 0)
M 6 FROM ENER ~ DEP ~ FIT OF ARGAND
M (2245 0)
M ( 2249 ~ )
M 2300 ~ 100 ~

M (2 050 ~ l

M (Z250 1

M 2205 ~ 10 ~

M ~ 0 ~ I 4 ~ ~ ~ ~

M AVERAGE MEANINGLESS (SCALE FACTOR

BUSZA
AYED
DIAGRAM
HULL
AY ED
HENDRY
BAKER
CUTKQSKY
HO EHL ER

1 ~ 0)

67 OS PK
70 I PWA

70 MP WA

76 IPWA
78 MP WA

79 DP WA

79 I PWA
79 IP WA

LEG ~ POLYN~ ANAL ~

SMALL ANGLE PI-P

PI N TQ PI N

0 P I- P TQ ETA N

P I N TQ PI
P I N TO PI N

N(2gpo) 90 N+1/2(2220' JP s/2+& I k/2 19
THiE EXISTENCE OF THI S RESONANCE I 5 WELL ESTABLISHED ~

2 /71
1/71

1/71
ll/77
12/79¹
12/79¹
12/79¹
12/ 79¹

111 N¹1/2(2200) MASS (MEV) (PROD EXP

71 SAS + P P TQ P MM 1/78
77 SPEC + P P TQ P (P PIO) 1/78
77 SPEC + P P TO P (N PI+) 1/78
79 HBC +0 P I-P AT 4 ~ 5 GEV 12/79¹
79 HBC +0 PI-P AT 4+5 GEV 12/79¹

79 HBC + P I-P AT 4 ~ 5 GEV
WI TH G17( 2190)

12/79¹

111 N¹1/2(2200) WIDTH (MEV) {PROD ~ EXP )

W 125 ~ 70 ~

75 ' 50 '
W D 45 160 ~ 30 ~

W D 34 20 ' 30 ~

W ~ t ~ ~ ~ ~ ~ ~ ~

W AVERAGE MEANINGLESS {SCALE FACTOR
SEE THE NOTES ACCOMPANYING THE

APPLE 77 SPEC + P P TQ P (P PIO) 1/78
APPLE 77 SPEC + P P TQ P (N PI+) 1/78
SUGAHARA 79 HBC +0 PI-P AT 4 ~ 5 GEV 12/79¹
SUGAHARA 79 HBC +0 P I-P AT 4o 5 GEV 12/79¹

1 ~ 9)
MASSES QUOTED ABOVE+

M 2160 50 ' AMALDI
M 2120 30~ APPLE
M 2362 20 ~ APPLE
M 0 45 1930~ 20 SUGAHARA
M 0 34 2120 ~ 10 ~ SUGAHARA
M. D. , SEEN IN N¹3/2( 1232) PI PI (NQT RHQ)
M

'

R 176(2200» ) SUGAHARA
M R N¹3/2 ( 1232) RHQ I S DOMINANT ~ IDENT IF I ED
M ~ ~ t ~ ~ ~ ~ ~ ~

M AVERAGE MEANINGLESS ( SCALE FACTOR = 7e 7)

90 N¹1/2( 2220) WIDTH ( MEV)

(258 0)
( 329 ~ 0)
(347 ' )

450m
(450, )
365 ~

6
W

W

W 150~
W

W 30 ~

W ~ ~ ~ ~ ~ ~ ~ ~

W AVERAGE MEANINGLESS (SCALE FACTOR

AY ED
HULL
AYED
HE ND RY
CUTKQSKY
HQEHL ER

1 0)

70 IP WA

70 MPbA
76 IP WA

78 MPWA

79 IPWA
79 IP WA

5 MALL ANGLE PI-P

PI N TQ PI N

Pi N TQ PI N

PI N TQ PI N

1/71
1/.71

11/77
12 /79¹
12/79¹
12/79¹

AMAL D I 71 PL 34B 435
APP{ E 77 LNC 18' ).67
SUGAHARA 79 NC 52A 373

REFERENCES FOR N¹1/2( 2200)

+BIANCASTELL I BOSIQ MATTHIAE+ {SANI+CERN)
+AS Hs CHENGs COYNEs GROS SM AN+ ( PR IN+PA VI A )
+ SUZ UK I sF UKA WA s KABE s KI C HI MI s OCHI AI+ {KEK )

REE

IME

(2180~ )

( 400 ~ )

90 N¹ 1/2( 2220) RE AL PART QF POLE POSITION (MEV )

CUTKQSKY 79 I P WA P I N TO P I N

90 N¹1/2( 2220) -2¹IMAG PART OF POLE POSITION {MEV)

CUTKOSKY 79 IPWA PI N TQ PI N

12/79¹

12/79¹

128 N¹l/2(&2500) I=1/2

WE LIST HERE I=1/2 RESONANCE5 WI TH MASS GREATER ThAN
ABOUT 2 ~ 5 GEV WHICH HAVE BEEN SEEN IN A SINGLE PARTI AL

WAVE ANALYSI S ONLY ALL RESQNANC ES WHICH HAVE BEEN
OBSERVED IN &1 ANALYSIS AT ABOUT THE SAME MASS ARE
GI VEN A SEPARATE LI STING WITH THE APPRQP RIAT E QUANTUM
NUMBERS ~

RER (37 l

(-21 )

90 N¹1/2(2220) REA{ PART OF ELASTIC POLE RESIDUE (MEV)

CUTKQSKY 79 I P WA PI N TO PI N

90 N¹1/2(2220) IMAG PART QF ELASTIC PQL E RESIDUE (MEV )

CUTKQSKY 79 IPWA P I N TQ PI N

12/79¹

12/79¹

128 N¹1/2(&2500) MASS (MEV)

3500~
3 800.
4100 ~

M 200 HENDRY
M 200 ' HE NDRY
M 200 ~ HENDRY

~ ~ ~ ~ ~ ~ 0 ~ ~

M AVERAGE MEANINGLESS (SCALE FACTOR = 1 5)

78 MPWA

78 HP WA

78 MP WA

PI N L115
P I N M117
P I N N119

12/79¹
12/79¹
12/79¹

128 N¹ 1/2(&2500) WIDTH ( ME V)

Pl
P2
P3

90 N¹ 1/2( 2220) PARTI AL DECAY MODES

N¹1/2 (2220) INTO PI N

N¹1/2 ( 2220) I NTQ N E TA
N¹1/2 (2220) INTO LAMBDA K

DECAY MASS ES
139+ 938
939+ 548

1115+ 497

1300
1600
1900.

200
200 ~

300

HENDRY
HE NDRY
HENDRY

~ 0 ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 2)

78 MP WA

78 MP WA

78 MPWA

PI N L115
PI N M117
PI N N119

12/79¹
12/79¹
12/79¹

90 N¹1/2 (2220) BRANCHING RATIOS
128 N¹ 1/2(&2500) PARTI AL DECAY MODES

N¹1/2 {2220) INTO
( 0 ~ 140)
(0 ~ 15 )

( ~ 20)
12

( ~ 20)
18

Rl
Rl 6
Rl
Rl
Rl
Rl
Rl
Rl ~ ~ ~ ~ ~

Rl A VERAGE MEANI NGLESS

(P I N)/TOTAL
AY ED
HULL
AY ED
HE NDRY
CUTKOSKY
HQEHLER

04

~ 015
0 ~

(SCALE FACTOR = 1 4)

R2
R2

R3
R3

N¹1/2 {2220) FROM PI N TQ K LAMBDA
NQT SEEN SAXON

N¹1/2 (2200) FROM PI N TQ ET A N

( 034) BAKER

70
70
76
78
79
79

I PWA
MP WA

IP WA

MP WA

IP WA

I PWA

SMALL ANGLE PI-P

P I N TQ PI N

P I N TO PI N

P I N TQ PI N

SQRT t P 1¹P3)
80 DPWA 0 PI — P TQ K LAM.

SQRT (P 1¹P2)
79 DPWA 0 PI- P TO ETA N

1/71
1/71

I.1/77
12/79¹
12/79¹
12/79¹

).2/79¹
12/79¹

12/79¹
12/79¹

Pl

Rl
Rl
Rl
Rl
Rl
Rl

N¹1/2( &2500) INTO PI N

DECAY MA SSE 5
139+ 938

128 N¹1/2(&2500) BRANCHING RATIOS

( Pl)
78 MPWA P I N L 115
78 MPWA PI N M117
78 MPWA P I N N119

N¹1/2 ( &2500) INTO ( PI N)/TOTAL
~ 055 ~ 02 HE ND RY
040 ~ 015 HENDRY

~ 030 015 HENDRY
~ ~ ~ ~ ~ ~ l ~ ~

AVERAGE MEANINGLESS (SCALE FAC TQR = 1~ 0)

12/79¹
12/79¹
12/79¹
12/79¹

REFERENCES FQR N¹1/2 ( 22 20 )
HENDRY 78 P RL 41 222

REFERENCES FQR N¹1/2 {&2500)

ARCHI BALD W HENDRY ( IND+LBL ) I JP

BUSZA
AYED
HU LL

67 NC 52A 331
70 KIEV CONF
70 PR D2 1783

+DA V I S s 0UF F s HE YMA NNs NI MMQN +
R AYED s P BAREYREs G V ILLET
J HULL s R LEACOCK

(LOUC+LQWC)
( 5 ACL ) I JP

{ISU)

AY ED 76 C EA-N- 1921
HENDRY 78 PRL 41 222

AYED ( THESIS)
ARCHI BALD W HENDRY

(SACL) I JP
( IND+ LB L) I JP

120 N¹1/2( 2600s JP=11/2-) I =1/2

BAKER 79 NP 8156 93 +BROWN s CLARKsOAVIESs DEPAGTERs EVANS+ ( RHEL) I JP
CL'TKQ SKY 79 PRD 20 2839 +FORSYTHs HENDRICKs KELLY {CARN+LBL ) I JP
HQEHLER 79 HANDBOOK OF PI-N SCATTERING PHYSIK OATEN VOL 12-1

+KAISERs KOCHs P I ETARINEN /KARLSRUHE I JP
SAXON 80' NP 8 162 522 ~ +BAKER s B EL'Lr BLI S SETT s BLCQDWQRT H+ (RHEL+BRIS ) I JP 120 N¹ 1/2( 2600) MASS (MEV)

PAPERS NQT REFERRED TQ IiN DATA CARDS
2700 ~

2 577m
100 '

50 ~

HENDRY 78 MPWA PI N TQ PI N

HQEHLER 79 IPWA PI N TO PI N

12/79¹
12/79¹

AYED 70 PL 31 8 598 +BAREYREs VILLET ( SAC LA Y)
MA 76 P RD 13 3027 E ~ MA sG ~ L ~ SHAW (QREG+UCI ) I JP

~ ~ I ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS ( SCALE FACTOR = 1 ~ 1)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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S210 particle Data Group: Review of particle properties

Data Card Listings
N(Z600), N(Z650), N(2700), N(2800), N(3030) For notation, see k,ey at front of Listings.

120 N¹ 1/ 2 ( 2600 ) W IDT H ( HE V )

W 900 ~ 100 HENDRY 78 MPWA P I N TG Pj N
Wl 400 ' 100 ' HOEHLER 79 I P WA P I N TO PI N
W ~ ~ ~ ~ ~ ~ ~ ~ ~

W AVERAGE MEANINGLESS (SCALE FACTOR ~ 3 ~ 5)

12/79¹
12/79¹

121 N¹ 1/2( 2700g JP=13/2+ } I =1/2

113

120 N¹ 1/2(2600} PARTIAL DECAY MODES 121 iN¹1 /2 ( 2700) MASS (MEV )

Pl N¹1/2 ( 2600) INTO Pj N

120 N¹1/2 (2600) BRANCHING RATIOS

DECAY HASSES
139+ 938

M 3000 e 100 ~ HENDRY 78 MPWA P I N TO PI N

M Z6 12 45 HOEHLER 79 IPWA PI N TG PI N
M ~ I ~ I 0 ~ ~ ~

M AVERAGE MEANINGLESS (SCALE FACTOR = 3 5)

12/79¹
12/79¹

Rl N¹1/2 f 2600) INTO (P I N)/TOTAL
Rl 08 ~ 02 HENDRY
Rl 05 Ol HGEHLER
Rl ~ ~ ~ ~ ~ ~ ~ 0 ~

Rl AVERAGE MEANINGLESS I SCALE FACTOR = 1 +3)

(Pl)
78 MPWA P I N TG P I N

79 IPWA PI N TO PI N

12/79¹
12/79¹
12/79¹

121 N¹l/2( 2700) WIDTH (HEV}

W 900, 1 50~ HE ND RY 78 HP WA

350. 50 ~ HOEHLER 79 I PWA
W 0 ~ ~ ~ t ~ ~ ~

W AVERAGE MEANINGLESS (SCALE FACTOR = 3 5)

PI N TO Pj N

PI N TO PI N

12179¹
12/79¹

REFERENCES FOR N¹1/2 ( 2600)

I.EhDRY 78 PRL 41 222 ARCHI BALD W ~ HENDRY ( I ND+ LB L) I JP
HGEH( ER 79 HANDBOOK GF Pl-N SCATTERING PHYS IK OATEN VGL. 12-1

+KAI SERg KOCH gPIETARI NEN /KARLSRUHE I JP Pl

121 N¹1/2{ 2700) PARTIAL DECAY MODES

N¹1/2( 2700} I NTG PI N

DECAY HA SSE S
139+ 938

72 N¹1/2{ 2650, ) I= 1/2 PRODUCT IGN EXPER IHENTS

RGYCHGUDHURY 71 CLAIM F15( 2400) AND G 19( 2400) TG BE
PGSSI BLE RESONANCES ~ BRANS DEN 71 FIND TH E PGSS IBL E
RESONANT CAND IDATES Sl 1( 2520) AND H19(2590), RECENT
PI N PWA'S ESTABLISH THE EXI STENCE OF A JP=1 1/2- STATE
IN, THI 5 REGION g BUT THE POSSIBIL ITY THAT THERE
ARE ALSO OTHER STATES REMAINS. SEE THE MINI-REVIEW
PRECED ING THE N AND DELTA {.I ST INGS

72 N¹1/2 (2650) MASS ( MEV) ( PROD ~ EXP ~ }

2650 MEV REGION — MISCELLANEOUS EXPERIMENTS
121 N¹l/2 (2700 ) BRANCHING RATIOS

Rl f Pl)
Rl HENDRY 78 MPWA P I N TO P I N
Rl HGEHLER 79 IPWA PI N TO PI N
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVERAGE MEANINGLESS ( SCALE FAC TOR = 1 ~ 3)

N¹l/2 {2700) INTO f P I N) /TOTAL
~ 07 02.04 ~ 01

REFERENCES FOR N¹1/2 ( 2700 }

HENDRY 78 PRL 41 222 ARCHI BALD W ~ HENDRY {IND+LBL ) I JP
HOEHLER 79 HANDBOOK OF PI-N SCATT ERI NGg PHYSIK DATEN VOL 12-1

+KAISERgKOCHgP IETARINEN /KARLSRUHE I JP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

12/79¹
12/79¹
12 /79¹

}g

M

M

M

M

(2700 0)
( 2660 ~ Ol
(2 60Q 0 }
( 2633 0}
2649 0 10 0

ALVAREZ
HOHLER
WAHL IG
BARGER
CI TRON

64 CN TR
64 RV UE
64 OSPK
66 F IT
66 CNTR

P I PHOTOPRGD
DATA + DISP REL

0 P I-P CH E'X

TOTAL + CH EX
P I+- P TGT AL

11/67
7/66

I?2 N¹ 1/2 ( 2800 g J P=9/2 —) I =1/2

72 N¹l/2(2650) WIDTH (MEV) (PROD EXP ~ )
122 N¹ 1/2 ( 2800 ) MASS (MEV )

2792 100 ~ HCEHLER 79 I PWA PI N TG PI N 12/79¹
( 100 ~ 0)
( 200 ~ 0)
(425 0)

36Q 0 20 0

ALVAREZ
HGH(. ER
BARGER
CITRCN

64 CNTR
64 RVUE
66 FI T
66 CNT R

TOTAL + CH EX
7/66

11/67
7/66 122 N¹1/2(2800) WIDTH (ME V}

72 N¹l/2(2650 ) PARTIAL DECAY MODES (PROD ~ E XP )

240 100m HOEHLER 79 I PWA P I N TO PI N 12/79¹

Pl
P2
P3

N¹1/2 (2650) INTO Pj N

N¹1/2( 2650) INTO LAMBDA K

N¹1/2 (2650 } INTO N PI P I

DECAY MA SSE5
139+ 938

1115+ 497
93 8+ 139+ 1 39 Pl

122 N¹l/2( 2800) PARTIAL DECAY MODES

N¹1/2 I 2800) INTO Pj N

DECAY MASSES
13 9+ 938

7Z N¹l /2{ 2650) BRANCHING RATI CS (PROD EX P )

Rl N¹1/2 (2650) I NTO ( PI N) /TOT AL (Pl)
Rl ONLY ( J+1/2) ¹( PI N/TOTAL) MEA SURED FOR TH I S STATE
Rl 8 f0.456) f 0 ~ 0 18) BARGER 66 RVUE TOTAL + CH EXC ~ ll/67
Rl 0.436 0 ~ 028 CI TRON 66 CNT R TOTAL CROSS-S EC . 11/67
Rl 8 (0 ~ 30 ) BARGER 67 RVUE USES KORMANYOS67 11/67
Rl 8 USES REGGE AHP ~ +RESCN ~ TO CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGRE
Rl 8 FOR C RITI CI SM OF TH IS METHOD g SEE DOLEN 68
Rl 0 {0 24) D IKI4l EN 67 RVUE USE 5 KOR MA NYGS66 11/67
Rl 0 USES ONLY RESONANCE 5 TO CALCULATE DI F ~ CROSS SECTIONS AT 180 DEGREES
Rl (0.06) KGRMANYOS 67 CNTR PI-P AT 180 DEG 11/67

122 N¹1/2( 2800) BRANCHING RATI GS

Rl N¹1/2 ( 2800) INTO ( P I N) /TOTAL (Pl)
Rl 02 .015 HGEHLER 79 IPWA PI N TO PI N

REFERENCE S FOR N¹1/2 (2800)

HGEHLER 79 'HANDBOOK OF PI-N SCATTERING PHYSIK DATEN VGL 12-1
+KA I SER g KOCH g PIE TA RI NEN /KARL SRUHE I J P

12/79¹
12 /79¹

AL VAREZ
HGHLE R
WAHL I G
BARGER
CITRON
BARGER
DIKHEN
KORMANYG

¹¹¹¹¹¹¹¹¹

64 PRL 12 710
64 PL 12 149
64 PRL 13 103
66 PR 151 1123
66 PR 144 1101
67 PR 155 1792
67 PRL 18 798
67 P R 164 1661

REFERENCES FGR N¹l/2 f265'0) (PROD EXP )

+BAR-Y AMg K ERNg LU CK EY g GS BORNEg + (M I T g CEA )
G HOHLERg J GI ESECKE (KARLS RUHE ) I
+MANNELLIgSGDICKSONg FACKLERgWARDg + ( MIT)
V BARGERg M OLSSON (WISC}
+GALBRAITHgKYCI A g LEONTI CgPHILL IPS ~ + ( BNL ) I
V BARGERg D CL INE ( WISC) P
F N DI KMEN (

MICH�

)
KORHANYOSg KRI SCHg OFALLONg + (HI CHg ANL} P

N(3030)
73 N¹ 1/Zf 3030g JP= ) I=1/2 PRODUCT ION EXPERIMENTS

73 N¹1/2(3030 ) HASS ( MEV) ( PROD ~ EX P }

PAPERS NOT REFERRED TO IN DATA CARDS (3080 0)
( 3030 0)

HGHL ER
C I TRON

64 RVUE
66 CN TR

DATA + DI S P REL 7/66
P I+- P TOTAL 7/66

BAACKE 67 NC 51A 761 J BAACKE g H YVERT ( KAR LS RUHEg ORSAY ) J-L
DOLE N 68 P R 166 1768 R DGLENg D HORN g C SCHHID (CI T)
WAHL IG 68 PR 168 1515 M A WAHLIG g I MANNELL I (MITg P ISA)

F INAL VE RS ION OF DATA USED IN WAHLIG 64 IN CONF UNCTION W I TH
CITRON 66 TOTA L CRCSS SECT ICNS g THIS CHARGE EXCHANGE DATA G I VES
COMPLEX CLASTI C SCATTERING AMPLITUDE AT 0 DEGREES e f 400 ~ 0)

73 N¹l/2(3030) WIDTH (MEV) (PROD EXP )

C I TRON 66 CNTR 7/66

BRA NSDE N 71 NP B26 511
ALS 0 70 NP B16 461

ROYCHOUD 71 NP 827 125

+OGDEN
ROYCHOUDHURY PERRIN BRANSDEN
R K ROY CHOUDHURY ~ 8 H BRANSDEN

(DURH) I JP
( DURH) I JP
( DLRH }I JP 73 N¹ 1/2(3030) PARTIAL DECAY HGDES (PROD EXP ~ )

Pl
P2

N¹1/2( 3030) INTO PI N

N¹ I/2 (3030) INTO N P I P I

DECAY MASSE S
139+ 938
93 8+ 139+ 1 39
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Particle Data Group: Review of particle properties S211

Data Card Listings
For notation, see key at front of Listings .

Baryons
Np(3245), N(3690), Np(3755), h(1232)

73 N¹1/2(3030) BRANCHiNG RATIOS (PROD EXP ~ )

Rl N¹1/2 ( 303 01 INTO ( Pi N) /TOTAL (Pl)
Rl CNLY ( J+1/2 ) ¹( P I

N/TOTAL�

) MEA SURED FOR THI 5 STATE
Rl 8 (0.088 } (0 ~ 016 ) BARGER 66 RVUE TOTAL + CH E XC ~ 11 /67
Rl (0 ~ 048) CI TRON 66 CNTR TOTAL CROS ~ 5 EC 11/67
Rl 8 (0 ~ 12 ) BARGER 67 CNTR USES KORMANYOS66 11/67
Rl 8 USES REGGE AMP ~ +RESCN ~ TO CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGRE
Rl 8 FOR C RITI CI SM OF THIS METHOD SEE DOLEN 68
Rl D (0 ~ 016 ) DIKMEN 67 RVUE USES KQRMANYOS67 11/67
Rl 0 USE S ONLY RESONANCE 5 TO CALCULATE DIF o CROSS S ECT IONS AT 180 DEGREES

%.T 'j M 76 N¹ /2(3755~ JP= } PRO DUC T ION EXP ER INE NT 5
Ay$a3

A SMALL PEAK IN THC (P P PBAR) INVARIANT MASS FRCN

B 8 ~ 4 BEV/C PI+ P TO PI+ P P PBAR EVENTS AS EVIDENCE
fOR A NEW RESONANCE I T I 5 NQT COhjCLUSI V E ~ OMITTED
FRCN TABLE

76 N¹ /2(3755) MASS ( MEV} ( PROD ~ EXP ~ )

REFERENCES FOR N¹1/2( 3030) (PROD ~ EXP )

3755 «0 8 ~ 0 EHRL ICH 68 HBC + P I+ P P PBAR 6/68

HOHLER
BARGER
C I TRON
BARG ER
DIKMEN

64 PL 12 149
66 PR 151 1123
66 PR 144 1101
67 PR 155 1792
67 P RL 18 798

G HOHLER i J GI ESEC KC (KARL SRUHE) I
V BARG ERg M OLSSCN ( WISC)
+GALBRAITH ~KYCI AeLEONTI Cr PHIL(-IPS e + ( BNL ) I
V BARGER' 0 CL INE (WISC) P
F N DIKMEN (MICH)

PAPERS NOT REFERRED TO IN DATA CARDS

40o 0

76 N¹ /2( 3755) WIDTH (MEV} (PROD ~ EXP o }

20 ~ 0 EHRLI CH 68 HBC +

76 N¹ '/2(3755) PART IAL DECAY MODES (PROD ~ EXP )

e/e&

KORNANYO 67 PR 164 1661
DOLE N 68 P R 1 66 1768

KQRMANYOSw KRI

SCHWA

OFALLGNg + ( MI CHp ANL) P
R DOLENy D HQRNy C SCHM ID (CI T) DECAY MA SSES

Pl N¹ /2(3755) INTO PI+ P P PBAR 139+ 938+ 938+ 938

Ng(3245)
BUMPS

74 hl¹ /2( 3245' JP= ) PRODUCT ION EXPERIMENTS

EXI STENCE NOT CQNCLUSI VELY ESTABL ISHED ~ I-S-PI N

NOT DETERMINED BUT THE NARROW WIDTH PRECLUDES
IDENTIFICATION WITH THE N¹3/2(3230) ~

OMITTED FROM TABLE ~

EHRL ICH 68 P RL 20 6&6

REFERENCES FOR N¹ /2(37 "5) (PROD. EXP )

R EHRL ICHOR J PLANOg J B HHI TTAKER (RUTGERS)

S=O I=3/2 NU(:LEON STATES (6)

74 N¹ /2(3245) MASS (MEV) (PROD ~ EXP )

3245 ~ 0 10 ' 0 KQRMANYQS 67 CNTR PI-P 180 DEG EL 6/68 ~(123') 33 N¹3/2( 1232 g JP=3/2+) I=3/2,
,

~ 33

74 N¹ /2(3245) WIDTH (MEV) (PROD ~ EXP ~ )

THE EXISTENCE OF THI S RESONANCE I S HELL ESTABLISHED ~

SEE CARTER 71 AND CARTER 73 FOR PI N CROSS-SECTION
DATA IN THI S REGION ~

( 35 ~ 0} OR LESS KORMANYOS 67 CNTR 6/68
33 N¹3/2( 1232 ) MASS (ME V)

N¹ /2 (3245) INTO P I N

DEC AY MASS ES
139+ 938

74 N¹ /2(3245) BRANCHING RATICS (PROD ~ EXP ~ )

74 N¹ /2( 3245) PARTIAL DECAY MODES ( PROD ~ EXPo ) M (1234~ )
M (1235 )
M 3 ( 1243~ 3) ( 124
M 3 THE THC ENTRIES A
M 3 RE SONANCE CQNTRI B
M ( 1230~ 4)
M (1231 ' )
M 1 233 ~ 2 ~

F IT CART ER71 P33

ROPER 65 DPHA ++0 PHASE SHIFT ANo
ALMEHED 72 IPHA

1 7) CHENG 73 F IT CARTER 7 I
RE FRGN THQ DIFFERENT PARAMETRI ZATI CNS OF THE
UTUICN TO THE P33 PHAS E S HIFT

T SCHANG 73
AY EO 76 I PHA
HCEHLER 79 IP'HA P I N TO PI N

2/72
2/74
2/74
2/74
1/74

11/77
12/79¹

Rl
Rl
Rj

N¹ /2 (3245) INTO (PI N) /TOTAL (Pl)
J I S NQT KNCWN FCLLOWING I S ( J+1/2 )¹( P I N) /TOTAL

(0 37) KQRMANYQS 67 CNTR

KCRNANYQ 67 P R 164 1661

REFERENCES FCR N¹ /2(3245) (PRCD EXP )

KORMANYQSy KRI

SCHWA

QFALLQNt + (MI CHg ANL ) P

N(3690)
BUMPS

75 N¹1/2( 3690' JP= ) I=1/2 PRODUCTION EXPERIMENTS

A BUMP SEEN IN THE INVARI ANT MASS OF A VERY COMPLI-
CATED STATE ( N + SEVEN PI S.} SO AS EVIDENCE FQR
A NEW RESONANCE IT IS NOT CCNCLUSIVE' NOT INCLUDED
IN TABL E ~

6/68

M+
M+
M+

M+
M+
M+
M+
M+

( 1 231 ~ 8)
1230 ~ 6 1.8

( 1231~ 7)
4 (1231 2 }

SUPERSEDES BARBOUR 7e.
1234~ 9 1 ~ 4

GAN P TQ PI NUC
P I N PHOTO-PROD
P I N PHOTO-PROD
P I —N PHOTO-PROD

BERENDS 75 I PHA +
CRA WFCRD 75 DP HA

BARBOUR 76 DPWA
BARBOUR 78 DPHA

+ F IT PHOTO-PRODMIROSHNIC 79
~ ~ ~ ~ ~ ~ ~ o ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 9)
MO 1236 45 0 65
MO 1 232 ~ 9 Oo 6
MO ~ ~ ~ ~ ~ ~ ~ ~ o

MO AVERAGE MEANINGLESS (SCALE

OLSSGN 65 RVUE 0
CARTER 71 NPHA 0 PI-P SIG. TOTAL

FACTOR = 4 ~ 0 }

M++ 1236. 0 0 ' 55 OLSSCN 65 RVUE ++ TOTAL-SIGMA DATA
M++ 2 1 231 ~ 0 1.5 CARTER 71 MP HA ++ P I+P SI G ~ TOTAL
M++ 1 1 231 ~ 1 ~ 2 CART ER 73 IPHA ++ P I N 88-310 ME V
M++ 1 EXPERIMENTAL QUANTITY-SEE CARTER73 FOR COULOMB BARRI ER CORRECTIONS
M++ 2 EXPERIMENT AL QUANT ITY-SEE CART ER71 FOR COULOMB BARRI ER CORREC TI QNS
M++ ~ ~ ~ ~ ~ ~ ~ ~ ~

M++ AVERAGC MEANINGLESS (SCALE FACTOR = 8 4)

1/74
9/73
9/73
1 /74

4/75
1 /76
1/76
3/79¹
3/79¹

12/79¹

1/7 1

75 N¹j/2(3690) MASS (MEV) (PROD ~ EXP ~ )
33 N¹3/2( 1232) HI DTH ( MEV )

3690o 0

50 0

10 ' 0 BARTKE 67 HBC + P I+P 8 PRQNGS

30 ~ 0 BARTKE 67 HBC +

75 N¹1/2( 3690) WIDTH (NE V) ( PRQD o EXP o )

8/67

8/67

W

H 3
W

H

(120 )
( 129. )
( 152 ~ 2)
(120 ' )
( 109» )

116~

( 145~ 8)

5 ~

ROPER
ALMEHEQ
CHENG
TSCHANG
AY ED
HOEHLER

65 DP HA

72 IPHA
73
73
76 I PHA
79 I P HA

++0 PHASE SHI FT Ah! ~

F IT CARTER 71
F IT CARTER 71 P33

PI N TO PI N

2/72
2/74
1 /74

11/77
12/79¹

BARTKE 67 PL 24B 1 1 8

REFERENCES FOR N¹1/2( 3690) (PROD EXP ~ )

+CZ YZ EWSKI oDAhlYSZ g+ (CRACQW ~ CRSAY) I

75 N¹1/2 ( 3690 } PART I AL DECAY MODES ( PROD ~ E XP ~

DECAY MASSES
Pl N¹1/2 (3690) INTO N + 7 PIS

¹¹¹¹¹¹¹¹¹

W++
H++ 2
W++ 1
W++
H++ AVERAGE

H+
H+
H+ 4
W+

W+
W+ AVERAGE

65 RVUE ++
71 MPWA ++ P I+P SIG TOTAL
73 I PHA ++ PI N 88 —3l0 MEV

120 ~ 0
ill o I
111~ 5

2 ~ 0
1o&

~ 4

OL S SON
CARTER
CART ER

~ ~ ~ ~ ~ ~ ~ ~ ~

MEANI NGLE SS (SCALE F ACTOR = 1 ~ 0)

CRAW FORD 75 DP HA P I N PHOTO-PROD
BARBOUR 76 DPWA P I N PHOTO-PROD
BARBOUR 78 DP HA P I —N PHOTO-PROD
M IRQSHhlI C 79 + F IT PHOTO-PROD

120 ' 2 3
( 117o 4)
(111 0)

131~ 1 2

o9

o4
~ ~ ~ o ~ ~ ~ ~ ~

MEANINGLESS (SCAL E FACTOR = 2 ~ 4)

1 /74
9/73

1 /76
1/76
3/79¹

12/79¹

¹¹¹¹¹¹¹¹¹ QL SSON
CART ER

2 ~ 4
3.0

119~ 6
114~ 7

WO

WO

WO

W0 A VERAGE
~ o ~ ~ ~ o o ~ ~

MEANIhlGLESS (SCALE FACTOR & 1 3)

65 RVUE
71 MPHA

0
0 P I-P SIG TQT ~ 1/71

33 (N¹0) — ( N¹++) MASS DIFFERENCE ( MEV)

D R
D 2
0 1
0 R

'

D ~ ~ ~ ~ ~ ~ ~ ~ ~

0 AVERAGE MEANINGLESS ( SCALE FACTOR. = 1 0)

(Oo45) (0 85) OLSSON 65 RV UE
1o3 1 ~ 9 CARTER 71 MP WA ++ P I+-P SI G ~ TOTAL
1 4 ~ 4 CARTER 73 IPWA P I N 88-310 MEV

R EDUNDANT HI TH DATA I N MASS LISTING o

1/74
9/73
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S212 Particle Data Group: Review of particle properties

Baryon s
s(z 23@)

Data Card Li:stings
For notation, see key at front of Listings.

33 (N+0)-(N++~) WIDTH DIFFERENCE (MEV) 9/73 33 N& 3/2( 1232) PARTI AL DECAY MODES

WD

WD

WD

WD

2 6 5 2 2 CARTER
1 10.3 1 3 CARTER

\ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 5)

71 MP WA ++ P I+-P SI G ~ TOTAL
73 I PWA P I N 88-310 MEV

1/74
9/73 Pl

P2
P3
P4
P5

N+3/2( 1232) INTO N PI
N+3/2 (1232 ) I HTQ N GAMMA
N43/2( 1232) INTO N PI P I
N&3/2 ( 1232 ) INTO GAM NUCL EON' HEL ICI TY= 1/ 2
H03/2( 1232) INTO GAM NUCLEON ~ HELIC ITY=3/2

DECAY MASSES
938+ 139
938+ 0
938+ 139+ 139

0+ 938
0+ 938

33 N&3/2( 1232) REAL PART OF POLE POSITI CN ( MEV)

REE
REE
REE
REE
REE
REE
REE
REE
REE
REE
REE

M (1214 )
(1211 )

P 1211 6 0 ~ 7
3 (1210.7} ( 1210~ 7)

1 214 ~ 5 10
( 1213 )

M F IT I NCLUD ES QLS SON 65
M PHASE SHI F T VALUES FOR
P ERROR EST ~ FROM F ITS W

e ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANI NGLE SS ( SCALE

MI CH AEL 67
BAl L 72
PDG 72 F IT DELTA 33
CHE NG 73 F IT CARTER 71
NQGOVA 73 F IT ALMEHED72
SPEARMAN 74 F IT Z ERO T RJCTRY

PARAMETERS PLUS SCATTERING LENGTH PLUS 6
TPI=1 20 TO 492 MEV ~

ITH SOMEWHAT VARYING ASSUMPTIONS

FACTOR = 1 ~ 0)

2/74
2/73
2/73
2/74
2/74
4/7 5

33 N&3/2( 1232) BRANCHING RATIOS

7/68
P HQTO P RQ 0 ~ ANAL 10/7 1

R2 8+3/2 (1232) 0 INTO (N PI )/TOTAL
R2 2 ( ~ 99) CARTER
R2 ) AYED
R2 (1 ) HOEHLER

(P 1}
71 MPWA ++ PI+-P SIG ~ TOTAL 1/74
76 IP WA 11/77
79 IPWA P I N TO P I N 12/79+

Rl N&3/2 ( 1232) INTO ( N GAMMA ) /( N PI ) ( PERC ENT) (PZ) /(Pl)
Rl 0.55 0 ~ 02 DAL ITZ 66 RVUE
Rl 0. 53 0 ~ 025 BERENDS 71 I PWA
R 1 ~ ~ ~ ~ 4 ~ ~ ~ ~

R1 AVERAGE MEANINGLESS (SCALE FACTOR = 1 0)

R++
R++
R++
R++
R++
R++
R++
R++
R++
R++
R++
R++

RE+
RE+

REO
REO
RE 0
RE0
REO
REO
REO

++ F IT CARTER
++ F IT CARTER
++ F IT CARTER

PHASE SHIFT ~

++ F IT CARTER
CQIJ LOMB BA

U 1211 5 ~ 6 BALL 75
U 1210 8 LICH TENS 75
C 1209 ~ 6 ~ 5 VASAN 76
C FROM FITS TO COULOMB-BARRI ER-CORRECTED CART ER 73
U (1210 5) TO( 1210~ 8) VA SAN 76
U FROM FIT S TQ CARTE R 73 NUCLEAR PHASE SHI FT W ITHQ
U CORRECTIONS.
Z 1210 4 ~ 17 ZIDELL 78
Z FI T TO ZIDELL 78 NUCLEAR PHASE SHIFT WITHOUT CQU
Z BARR I ER CORRECT ION S

~ ~ J ~ ~ ~ ~ ~ ~

AVERAGE MEANI NGLE SS ( SCALE FAC TOR = 1 4)

1208. 2 CAMPBELL 76
1206 ~ 9+-0 ~ 9 TQ 1210 5+-1 ~ 8 MI RQ SHNIC 79

U ( 1211
U 1210 ~

C 1210~

U ( 1210~

Z 1209 ~

~ ~ e
AVERAGE MEAN

6)
9
75
2)
5

BALL 75
L ICHTENB 75
VAS AN 76
VA SAN 76
ZI DELL 78

1 4
6

.41
~ ~ ~ ~ ~ ~

INGLESS (SCAL E FACTOR = 1 ~ 3)

73
73
73

73
RR I ER

++ F IT Z IDE LL 78
LOMB

+ F IT PHOTO —PROD
+ F IT PHOTO- PROD

0 F IT CART ER 73
0 F I T CARTER 73
0 F IT CARTER 73
0 F I T CART ER 73
0 F IT ZIDELL 78

11/75
11/75
1/76
3/79&
1/76
3/79+
3/79+
3/79+
3/79+
3/79~

2/77
12/794

11/75
11/75

1/76
1/76
3/7 9+

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

33 N&3/2( 1232) PHOTON DECAY AMPL (GE V+&—1/2)

N&3/2( 1232) INTO GAM NUCLEON g HELIC I TY=1/2 (
—~ 144 ~ 0 14 DEVENISH 73—.142 ~ 006 MOORHOUS 73

138 .004 KN I E S 74
—

~ 140 ~ 006 METCALF 74
—~ 142 .001 MOORHOUS 74
—.130 ~ 002 CRAWFORD 75

( —
~ 139) KR I VE TS 75

( —~129) BAPBOUR 76
—~ 141 ~ 004 FELLER 76
—.136 002 AZNAURYAN 77
—~ 139 002 AZNAURYAN 77
—o 142 ~ 007 BARBOUR 78

N (- ~ 140) NOELLE 78
N CONVERTED TO GUR CONVE NTIGNS USI NG M=1 ~ 232 v

~ ~ 0 ~ 0 0 ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 2 ~ 1 }

GE V++- I/2 )
DP WA P I N PHOTO PROD
DP WA P I N PHOTO-PROD
DP WA P I N PHOTO PROD
DPWA P I N PHOTO-PROD
DP WA . P I N PHOTO-PROD
DP WA P I N PHOTO-PROD
DPWA P I —N PHOTO-PROD
DP WA PI N PHOTO-PROD
DP WA P I N PHOTO —PROD
DP WA P IO PHTPRD gSOL 1
DPWA P IO PHTPRD gSOL 2
DP WA PI —N PHOTO —PROD

P I—N PHOTO-PROD
W= ~ 110 F ROM NOEL L E 78

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES' SEE MINI—
REVIEW PRECEDING THE BARYON LISTINGS ~

2/74
2/73
2 /74
2/74
2/74
1/76
1/78
1 /76
2/77

12/794
12/794
3/79~
1/804
1/804.

I ME

IME
IME
IME
IME
IME
IME
I ME

I++
I++
I++
I++
I++
I++
j++

M (52 ~ )
(50. )

P 49.5 1 8
3 ( 50. 7) (50.6)

48 ~ 6 5.
(49. )

0 ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEAHINGL ESS (S CAL E FACTOR

MICHAEL 67
BALL 72
PDG 72
CHENG 73
NQ GQ VA 73
SP E ARM AN 74

1 0)

F I T DEL TA 33
F IT CART ER 71
F IT ALMEHED72
F IT Z ERO TRJC TR Y

U, 50 ~ 1
U 49 ' 6
C 50 ~ 4
U (49.9)TQ
Z 49' 745

0 ~ ~ ~ ~

A VERAGE MEANINGLE

~ 6
o75

5
(50 ~ 0)

~ 1 4

BALL 75
LI CHTENB 75
VA SAN 76
VA SAN, 76
ZI DELL 78

~ ~ ~ ~

SS (SCALE FACTOR ~ 1 ~ 0)

++ F IT CARTER 73
++ F IT CARTER 73
++ F IT CART ER 73
++ F IT CARTER 73
++ F IT Z IDELL 78

33 N& 3/2( 1232) —I MAG PART OF POL E POSIT ION ( MEV )

2/74
2/73
2/73
2/74
2/74
4/75

11/75
11/75
1/76
1/76
3/79~

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

N+3/2 (1232 ) INTO GAM NUCLEONS
—.262 ~ 015
—~ 259 .016
—~ 25 3 ~ 002
—~ 254 o 007
—.261 .001
—~ 248 ~ 002

(- ~ 253)(- ~ 251)
—.256 .003
—.255 .002
—~ 256 ~ 002—.271 .010

(- 247)
CONVERTED TO OUR CONVENTIONS

HEL I CITY= 3/2 (
DEVENI SH 73
MGGRHQUS 73
KNIES 74'
ME TCALF 74
l4IOOR HQU S 74
CRAWFORD 75
KRI VETS 75
BARBOUR 76
FELLER 76
AZNAURYAN 77
AZNAURY AN 77
BA RBOUR 78
NOELLE 78

US I NG M=1 232 g

GE V+&- 1/
DPWA
DP WA

DP WA

DPWA
DP WA

DPWA
DP WA

DPWA
DPWA
DPWA
DPWA
DPWA

W= 110
~ e ~ ~ ~ e ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 2~9)

2)
PI N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO PROD
PI N PHOTO —PROD
P I N PHOTO —PROD
P I N PHOTO-PROD
P I —N PH OT Q-P ROD
P I N PHOTO-PROD
P I N PHGTQ-PROD
P IO PHTPRDy SOL 1
P IO PHTPRDgSOL 2
P I -N PHOTO-P RGD
P I-N PHOTO-PROD
FROM NOEL L E 78

2/74
2/73
2/74
2/74
2 /74
1/76
1/78
1/76
2/77

12 /794
12/794
3/79+
1/8 04
I/804

IM+
I M+

53 ~ 2 ~

55 ~ 6+-1.0 TO 58 ~ 3+—1 1
CAMPBELL 76
MIRCSHNIC 79

+ F IT PHOTO-PROD
+ F IT PHOTO-PROD

2/77
I 2/794

REFERENCES FOR N&3/2( 1232)
IMO
IMO
IMO
IMO
IMO
IMO
IM0

U (53 ' 0)
U 53 ~ 25
C 52 ~ 8
U ( 52 ~ 9}TO
Z 52. 45

0 1 i ~

A VERAGE MEANINGLE

1 75
6

(53 1)
~ 2

BALL 75
LICHTENB 75
VA SAN 76
VASAN 76
ZIDELL 78

~ ~ ~ ~

SS ( SCALE FACTOR = 1 0)

0 F IT CARTER 73
0 F IT CART ER 73
0 F IT CARTER 73
0 F IT CART ER 73
0 F IT Z IDELL 78

11/7 5
11/75
1/76
1/76
3/79+

CLSSCN 65 PRL 14 118
ROPER 65 PR 138 8190

M G 'OL SSON ( W I SC)
L D ROPER' R M WRIGHT' 8 T FEL 0 (LRL+MIT }IJP

MICHAEL 67 PR 156 1677
BEREHDS 71 NP 830 575
CART ER 71 NP B26 445

MICHAEL (RHEL) I JP
+WEA VER ( CEASE MIT p TUFT )
+WILLIAMS' BUGGY BUSSEYp DANCE (CAVE pRHEL)

DALITZ 66 PR 146 1180 GAL ITZy SUTHERLAND ( OXF CRD )
COHTA INS REFERENCES TQ EARLI ER WORK ON DELTA PHOTCPRODUCTION ~

ABS

A++
A++

ABO
ABO

(53. )

(52.4) TQ (53 ~ 2 )
( 52 ~ 1) TO (52 4)

(54.8) TO (55 0)
( 55 ~ 2) TO ( 55+ 3)

BALL

VA SAN
VA SAN

VAS AN

VA SAN

73

76
76

76
76

FIT DELTA 33

++ F IT CARTER 73
++ F IT CART ER 73

++ F IT CARTER 73
++ F IT CARTER 73

33 N+3/2( 1232) ABSOLUTE VALUE OF ELASTIC
POLE RESIDUE ( MEV)

9/73

1 /76
1/76

1/76
1/76

AL ME HED 72
BALL 72
PDG 72
BALL 73
CARTER 73
CHENG 73
DE VENISH 73
MQQRHOUS 73
NOGQVA 73

ALSO 73
ALSO 73

T SCHANG 73

NP 840
PRL 28
PL 398
PRD 7
NP 858
PRD 7
PL 47B
PL 438
NP 861
HP 861
HP B65
HP 859

157
1143
103

2789
378

2249
53
44
445
438
544
445

+LOV EL AC E ( LUND gRUTG) I JP
+CAMPB ELL e L EEr SHAW (UTAH, BOI Sg UCI )
SODINGgBARTELSg+ (DESY+LBL+BRAN+CERN+HELS ) I JP
BAl L gLEEgSHAW ( UTAH+ UCI ) I JP
CARTER g BUGGY CART ER (C AVENDISH+QUEEN MARY ) I JP
CHENGg L ICHTENBERG ( I ND) I JP
DEVENISHy

RANKIN'S

LYTH (LQUC+BONN+LANC) IJP
MOORHOUSE g GBERLACK ( GLAS+LBL }I JP
NQGOVA P ISUT( IP SLOVAK ACAD SCI CQMENIUS U) I JP
HOGOVAgPISUT+(IP SLQVK ACAD SCIL COMENIUS U) I JP
NOGOVA g PI SUT+( IP SLOVK ACAD SC I pCOME NIUS U] I JP
TSCHANGy PARK INSL N ( FLOR+GAI NE S V I LL E ) IJ P

PH

P++
P++

PH0
PHD

M1P
M1P
Ml p
MIP

33 N&3/2(1232) PHASE OF ELASTIC POLE RESIDUE (RADIANS)

( —~ 81 ) BALL 73 F IT DELTA 33

(- 822) TO — 833(- ~ 823) TO — 830

( —.840) TQ — 8 47(- ~ 848) TQ —.856

VA SAN
VASAN

VA SAN
VASAN

76
76

76
76

++ F IT CARTER 73
++ F IT CARTER 73

++ F IT CARTER 73
++ F IT CART ER 73

33 N&3/2( 1232 ) PHASE OF M 1+(3/2) PHOTOP RDDUCT ION
MULT IPQLE AMPLITUDE POt E RESIDUE

INFORMATI QN CN THE PHAS E ( AND MAGNITUDE } OF T l-E Ml+( 3/2) MULT IPOLE
AMPLI TUDE POLE RESIDUE I S CONTAINED IMPLIC ITLY IN THE PAPER QF
MIROSHNICHENKO 79' THEY F IND THAT THE PHA SE IS CQNSI STENT WI TH
BEING EQUAL TQ THAT OF THE ELASTIC POLE RES IUDE

9/73

1/76
1/76

1/76
1/76

12/7M
12/794'
12 /79'4
12/79+

SALL 75
BERENDS 75
CRAWFORD /5
KRI VETS 75

ALSO 74
LICHTENB 75

PRO 11 1171
NP 88+ 342'
NP B97 125
S JNP 20 430-
SJNP 19 112
LNC 12 616

AY ED 76
BA RBGUR 76
CAMPBELL 76
FELLER 76
VA SAN 76

ALSO 76

C EA- N- 1921
HP 8111 358
PRD 14 2431
NP 8 104 219
NP B106 535
NP 8106 526

KNIES 74 PRD 9 Z680
ME TCALF 74 NP B76 2 53
MQQRHQU S 74 P RD 9 1
SPEARMAN 74 PRO 10 1660

KN IE S g MO()R HOUSE g QB ER LAC K (LBLg GLAS) I JP
J METCALF pR L WALKER (CIT) IJP

MOQRHQUSE g OBERLACKg ROSE NF ELD (GLAS+LBL) I JP
T D SP EARMAN ( TRINITY CD LL EGEST 0 UBL IN )

J S BALL pR L GOB LE
BE RENDS g DONHACHI E
R L CRAWFORD
+M IROS HN ICHENKOp NIKI F0 ROVE SAN I N+
KRI VETSp NI KI FQROVt SANI N w SHAL AT SK
D B L ICHTENBERG

( UTAH) I JP
(LE I Dg M CH S)

(GLAS ) I JP
(KIEV) I JP

II (KIEV) IJP
( IND) I JP

AYED ( THESIS) (SACL) IJPI. MD BARBOURgR L. CRAWFORD (G LAS) I JP
CAMPBELL' SHAWg BALL (BQIS+UC I+UTAH) I JP
+F UKUSHI MA gHOR I KAWAy KA J IKAWA+ ( NAGGYA+OSAKA) I JP
S ~ S V AS AN (CARH) I JP
S. S ~ VASAN (CARN }I JP

(+4 ~ 7}TO (+6 7) NEFKENS 78 P I P TO PI P GAM 12/79+

33 N+3/2( 1232 ) MAGNET IC MOMENT (NUCLEAR MAGNE TONS)

AZNAURYA 77 EF I-264 (57) -77
BA ARBOUR 78 NP 8141 253
NE FKENS 78 PRO 18 3911
NOELLE 78 PTP 60 778
ZIDELL 78 LNC 21 140

+AKOPOVgBAGDASARYAN (YEREVAN PHYSICS INST. ) IJP
BARBOUR gCRA WFORD g PAR SON S (GLAS)
+ARMAND BALLAGHy GLOD I St HADDOCK+ (UCLA+CATH) I J P
P NOELLE (NAGO)
Z I DELL y ARNOT' ROP ER (Vpj) I JP

HO EHL ER 79 HANDBOOK OF

MIROSHNI 79 SJNP 29 94

Pj-N SCATTERING' PHYSI K OATEN VOL 12-1
+KAISER' KOCH' PIETARINEN /KARLSRUHE I JP
MIROSHNICHENKOgNIKIFORQVgSANIN+ (KHARKOV) I JP
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Particle Data Group: Review of particle properties S213

Data Card Listings
For notation, see key at front of Listings.

Baryons
h(183P), b,(1550), A(1650)

DO NNACHI
FONDA
HENY EY
GL SSON
PFEIL
SU ZUK I

68 PL 268 161
73 PRD 8 353
74 PR D9 302
74 LNC 10 333
74 h)P 873 166
74 NP 868 413

GANENKO 75 S JNP 22 522
NI GRO 75 NP B84 201
.GANENK01 76 5JNP 24 284
GANENK02 76 SJNP 24 594
ZABEV 76 SJNP 24 70

PAPERS NOT REF ERRED TO IN DATA CARDS

DQNNACHI E2 LOV ELACEy K IRSQPP ( CERN)
FONDA3GHI RARDI 3 SHAH ( ICTP-TRI EST E+T RST ) I JP
HENYEYyKANE ( MICH) I JP
OLSSON (CERN ) I JP
PF E I L 3 ROLLNI K3 STANKG WSK I (8CNN)
SUZUKIpKUROKAHAt KONDO ( TOKYO)

+KRIVETS MIROSHNICHENKO NIKIFOROV+ ( KIEV) I JP
NI GROg S P I I L ANT IN I g VA L Eh) T E ( P ADO 3 F RA S)
+KRI VE T S3 MIROSHNI CHE NKO 3NI KIFORGV+ ( K IEV ) I JP
+GORBENK03 KR I V ET Sy KOL ESN IKO V+ ( KIEV) I JP
ZABE V2 KUZ NET SGV 3 STUKOV (TMSK) I J P

COOP ER 74 NP 8 79 259
L I CHTMAN 74 NP 881 31

BRAUN1 75 NP 895 481
BRAUN2 75 NP 895 503
MUSGRAVE 75 NP 887 365

ATHERTGN 76 NP 8103 381
APPL E 77 LNC 18 167
GQGGI2 78 Np 8143 3e5
APELDGOR 79 NP 8 156 111

COOPER 3SEI DL3VANDERVELDE (MICH)
L ICHTMAN BI SHAS CA SON KENNE Y MCGAHAN+ ( NDAM) I

+GERBER2MAURER ~ MICHALGN3SCHIBY+ (STRB3LPNP) I
+GERBER' MAURER3 MI CHALONE SCHIB Y+ {STRB3 LPNP ) I
+PEETERS, SCREI NE R, WHIT MORE, YUT A (ANL )

ATHERTON3 F RENCH2 S KURAC BGHM+ ( CERN+P RAG ) I
+A SH, CHENG, C QYNE, G ROSS MAN+ ( P R IN+ PA V IA )
+CAVALLI-SFORZA2 CONT A+ ( C ER hl+ P A V I )
VAN APELDCCRN HART ING HOLTHUIZ EN+ (AMST )

PAPERS NOT REFERRED TG IN DATA CARDS

1232 MKV REGION — PRODUCTION EXPERIMENTS

AL EXANDE 73 NP 852 221
BEAUPRE 73 NP B66 93
8ERLAND 74 NP 875 93

ALSO 74 PL 518 187
ATHERTCN 75 NC 30A 505
STRACHMA 75 NP 898 120

ALEX ANDER2 BENARY+( T EL-A V IV+HEI DELB ERG+D E SY )
( AACH+BE RL+ BONN+ CERN+NDAM+ P ENN+T CHO ) I

BERL. AND3 HABER 2 HQDOUS 3HULSI ZER3+ (MlT) I
8 ERt AND 3 HA BE R 3 HD DO US 3 HU LS I Z E R3 + (MI T) I
ATHERTGN3BAR-NIR 2F RE NCH 35KURA+ (CERN+P RAG) I
STRACHMAN3 BRAUN3 GERBER2 MAURER+ (LPNP+STRB) I

81 N¹3/2( 1232 2 J P=3/2+ ) I =3/2 PRODUCT I CIN EX PER IMENT S

SEE THE MI NI-REVIEW PRECEDING THE N ANO DELTA LISTINGS
FOR A DISCUSSION OF PRODUCTION EXPERIMENTS ~

41¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹C¹¹¹¹
C

110 N¹3/2( 1550 2 JP=l /2+) I=3/2
3T

11/77

81 N¹3/2 ( 1232) MASS ( MEV) ( PROD ~ EXP )

1217~

1227 6 0
~ ~ ~ ~

A VG 1222 7
STUDENT1 Z22 e 7

M++ ( 1232 0)
M++ (1236 ~ 0)
M++ { 1233~ 4)
M++ (1224.0)
M++ 1236 0
M++ 1226 0
M+,+ 1222 0
M++ 1226 0
M++ (1231 ~ )
M++ 1219.
M++ 1213

++ (1224 ~ )
M++ 12246 T
M++ 2K 1 226 ~

M++ 840 1 Z25
M++ ~ ~ ~ ~

M++ A VG 1 226 ~ 1
M++ STUDENT 1 225 ~ 3

8 ~

7 ' 0

5 ~ 3
5 9

{6 0)

10

e ~ ~ ~ ~

2 ~ 2
le 1

(4 ~ 4)
(2 ~ 0 )

2 ~ 0
2 ~ 0
360
2 ~ 0

(3 )
5
3 ~

5 TO
0 1228

3 ~

2 ~

FERRO-LUZ 65
DEANS 66
Gl DAL ee
HABER 70
COLT GN 72
CGLTGhl 72
CQLTON 72
CG LTGhl 72
LEWIS 73
LICHTMAN 74
L I CH THAN 74
BRAUN2 75
A THE RTGN 76
GGGG I 2 78
APELDCGRN 79

HBC ++ K+P TO KO P Pl+
RVUE ++ P I+P TOTAL
DBC ++ 0 D TO NN( NN) PI
DBC . K-D TO 4 BQD( P)
HBC ++ PP TG P I+PN 7GEV
H BC ++ TG P I+ P I -PP
HBC ++ TO PI+P I-PIOPP
HBC ++ TO PI+P I-P I-PN
HBC ++ .K+ P TG K P 2P I
H BC ++ P I+P TO 3P I P
HBC ++ P I-P TO 3PI P

BC P BAR P AND D3567
HBC PBAR P 5 67 GEV
I SR ++ PP TQ DELTA P PI
HBC ++ P BAR P 7 ~ 2 'GEV/C

7/66
7/66
7/70
1/73
1/73
1/73
1/73
1/76
4/75
4/75

11/75
2/77
I/80¹

12/79¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 6)
A VE RAGE USI NG STUDE NT10(H/1 el 1 ) —S EE MAIN T EXT

ANDERSON 70 MMS - P I- P TO PI- MMS 2/71
ELLI 5 71 CiNTR MMS PP 3,7 GEV/C 10/71

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

110 N¹3/2( 1550) MASS ( ME V) 11/77

110 N¹3/2(1550) WIDTH (MEV) 11/77

{110 )
(40. )

LQNGACRE 77 IPWA P I N TG 2PI N

BARNHAM 79 IPWA ++ PI N TO 2P I N

11/77
12/79¹

110 N¹3/2( 1550 ) REAL. PART OF P GL E POS IT IGN ( MEV ) 11/77

RE 8 1554 ~ OR 1553 ~ LONGACRE 77 I PHA P I N TD 2P I N 11/77

110 N¹3/2( 1550) -2¹I MAG PART OF POLE PGS IT ION (MEV) - 11/77

M 8 ' (1550~ ) LQNGACRE 77 IPWA PI N TO 2P I N ll/77
M 8 ALL LGNGACRE77 PARAMETERS ARE FROM SOLUTION 522 EXCEPT FOR THE POLE 11/77
M 8 POSI TION WHI CH I S FROM SOLUTIONS Sl AND Cl 11/77
M (1525 ' ) BARNHAM 79 IPWA ++ PI N TG 2P I N 12/79¹

M+ 1224. T 0 1230~ BRAUN1
M+ 1 1256~ 15 APPLE
M+ 1 NGT SEEN IN P P TO P (P P IO)

75 HBC
77 SPEC +

PBAR P 5 ~ 7 GEV 11/75
P P TO P (N PI+) 1/78

1 /78

IM 8 105 OR 104 LGNGACRE 77 I PWA P I N TG 2P I N 11/77

MO

MO

MO

M-
M-

1 231.
( 1230 ~ )
(1220. )

( 1 241 ~ 3)
1239~ 0

5 ~ TO 10'
(5 ~ 1)

5 ' 0

COOPER
BR AUN1
BRAUN2

GI DAL
CGLTON

ee DBC
72 HBC TG PI+P I-P I-PN

7/66
1/73

74 HBC 0 D P CEX 4/75-
75 HBC PBAR P 567 GEV 11/75
75 BC PBAR P AND 03 5, 7 11/75

110 N¹3/2( 1550) PARTIAL DECAY MODES

Pl N¹3/2 (1550) INTO PI N

P2 N¹3/2( 1550) I NTG N¹3/2{ 1232) PI
P3 N¹3/2 ( 1550 ) INTO N RH03 S=3/2

DECAY MASSES
139+ 938

123 2+ 139
93 8+ 776

11/77

81 {N¹-) — (N¹++) MASS DIFFER ENC E ( MEV ) ( PROD ~ EXP ) 110 N¹3/2( 1550) BRANCHING RAT I GS 11/77

7 ' 9 6 ~ 8 GI DAL 66 DBC Rl N¹3/2 ( 1550) FROM PI N TO N¹3/ 2 ( 1232) P I SQRT (P 1¹PZ)
Rl 8 (+. 11) LGNGACRE 77 IPWA PI N TG 2PI N

Rl ~ 13 .05 BARNHAM 79 I PWA ++ PI N TO 2P I N

11/77
11/77
12 /79¹

1156
105 0
141 ~

81 N¹3/2( 123Z) WIDTH (MEV) ( PROD EXP ~ )

5
7 ~ 0

lj ~

ANDERSGhl 70 MMS — P I- P TO P I- MMS 2/71
ELLI S 71 CNTR MMS PP 3 ~ 7 GEV/C 10/71
MU SGRAVE 75 HBC K+ P TG K PI N 11/75

R2 N¹3/2( 1550) FROM P I N TO N RH02S=3/2 SQRT (Pl¹P3)
R2 8 {+.08 ) LONGACRE 77 IPWA P I N TG 2P I N

RZ 17 , 05 BARhlHAM 79 I PWA ++ P I N TG 2P I N

11/77
ll/77
12/79¹

~ ~ ~ ~

AVG 115 ' 2
STUDENT 1 14 5

7 5
4 6

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 0)
AVERAGE USING STUDENT10(H/1 ~ 11) —5 EE MAIN TEXT

REFERENCES FGR N¹3/2( 1550)

125 ~ 0)
121 0)
124 0)
120~ 0)
115 ~ 0
127, 0
122 ~ 0
106 ~ 0
146 )
166 ~

134
110.)
96 ~ T 0

113~

100.

(30 0)W++
W++
W++
H++
W++
W++
W++
W++
W++
H++
W+ +
H++
W++
H++ ZK
W++ 840
W++
W++ AVG
W++ STUD ENT

(1460)
{8 0)
6 ~ 0
5 ~ 0
9 ~ 0
7 ~ 0

(10~ )
14 ~

7
10 TO

113 ~

16
5,

~ ~ ~ ~ ~

117 5
118 5

~ ~ ~ ~

5 ~ 5
3 8

W+

W+ 1
110 TQ

206
130 ~

60

206

F E RRO-LU 2 65
DEANS 66
GI DAL 66
HABER 70
CGLTON 72
CGLTGN 72
COLTON 72
CGLTON 72
LEWI 5 73
{ ICHTMAN 74
L I CHT MAhl 74
BRAUN2 75
ATHERTON 76
GQGGI2 78
AP ELDCORN 79

HBC ++
RVUE ++
DBC ++
DBC
HBC ++
HBC ++
HBC ++
HBC ++
HBC ++
HBC ++
HBC ++

BC
HBC
ISR ++
HBC ++

K-D TO 4 BQD(P)
P P TO P I+P N 7GEV

TG P I+P I-PP
TG PI+PI-PIOPP
TG P I+P I-P I-PN
K+ P TG K P 2P I
PI+P TG 3P I P
P I—P TO 3P I P
P BAR P AND 035 7
PBAR P 5e7 GEV
PP TO DELTA P PI
P BAR P 7.2 GEV/C

7/66
7/66
7/70
1/73
1/73
1/73
1/73
1/76
4/75
4/75

11/75
2/77
1/80¹

12 /79¹

WO

WO

WO

109
{ 120~ )
(120 )

32 ~ 25

10 TO 20.
COOPER 74 HBC 0 D P CEX 4/75
BRAUN1 75 HBC PBAR P 5 7 GEV ll/75
BRAUN2 75- BC PBAR P AND Dg 5 ~ 7 11/75

( 149.0)
237 0

( 18 0)
22 ' 0

GI GAL ee DBC
COLTGN 72 HBC — TG PI+PI-P I-PN

7/66
1/ 73

REFERENCES FOR N¹3/2(1232) (PRC'DE EXP )

FERRO LU 65 NC 36 1101
DE ANS 66 PREP R INT
G IDAL 66 PR 141,1261

FERRO- LUZZ I 3 GEORGE 3 +
S R DEANS3 W G HOLLADAY
G GIDAL3 A KERNANC S KIM

(CERN )
{VANDERBILT)

(LRL )

ANDE RSON 70 PRL 25 699
HABER 70 NP 1 78 289
ELLIS 71 PRL 27 442
COLT GN 72 P R D6 95
LEW IS 73 h)P B60 283

+8 LES ERy BL I EDEN' COLL IN 5++ ( BNL y CARN)
+ SHA PI RA ME RRI LL MCNARI ++ (SABRE COLL )
+MAGL I CH 3NGREM 3 SANNE S3 S ILVERMAN ( RUTG)
E COLT ON2 A K IRS CHBAUM (LBL)
+ALLEN 3 JACOBS ~ DANYSZ 3 I S LAM+ (LOWC+LGIC+CCEF)

AVERAGE ( ERROR INCLUDE 5 SCALE FACTOR OF 2 3 )
AVERAGE USING STUDENT10(H/1 jl) -- SEE MAIN TEXT

BRAUN1 75 HBC P BAR P 5 ~ 7 GEV 11/75
20 ~ APPLE 77 SPEC + P P TO P (N P I+) 1/78

LCINGACRE 77 NP 8122 493
ALSO 76 hlP B108 365

BARNHAM 79 IC/HENP/78/3

LQNGACRE3DGLBEAU
DOLBEAU3 TRIANTISCNEVEU3 CADI ET
+GLI CKMAN3 MI ER- JED RZE JGWICZ+

( SACL) I JP
( SACL ) I JP
(LGIC) I JP

)g(] 650) 32 N63/2(1630 JP 1/2 —1 1"-3/2 3$
THE EXISTENCE OF THI 5 RESONANCE I S WELL ESTABLI SHED.

8 2 N¹3/2 (1650 ) MASS (MEV )

P I+- P TOT AL
PHASE-SHIFT ANAL

LL F IT
PHASE-SHIFT ANAL

(1648.0) (12 0) DEVLIN e5 CNTR
(1695.0) BAREYRE 68 RVUE

WHERE CROSS 5 ECT ION IS GREATEST — EY EBA
( 1&35.0] DONNACH1 68 RVUE
(1614 0) AY ED 70 I P HA

ENER. DEP FIT OF ARGAND DIAGRAM
(1617' 0) DA VI ES 70 RVllE
(1620. ) ALMEHED 72 IPWA

1622 ~ TG 1688 CRAWFORD 75 D P WA

1625. OR 1600 . LCNGACRE 75 I PWA
THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND

(1623. ) AY ED 76 I PWA

( 16806 ) BARBOUR 76 0 P'H A

(1580. ) LONGACRE 77 I PHA
ALL LCNGACRE77 PARAMETERS ARE FROM SOLUT ION 522
POSI TIGN HHI CH I S FROM SOl UTIONS Sl AND Cl ~

(1662 ~ ) BARBOUR 78 DP WA

SUPERSEDES BARBOUR 76.
(1620 ) BARNHAM
1620 206 CUTKGSKY
1610~ 7 HO/HLER
~ ~ ~ ~ ~ e ~ 6 ~

ERAGE MEANINGLE SS ( SCALE FACTOR = 1 ~ 0)

M

M 1
M 1
M 3
M 6
M 6
M 4
M 7
M

M L
M L
M

M

M 8
M 8
M 8
M 2
M 2
M 5
M

M

M

M AV

P-5 ANAL SOL A

PI N PHOTO-PROD
P I N TG 2PI

2 OF LONGAC RE 75

P I N PHOTO-PROD
PI N TO 2P I N

EXCEPT FOR THE POL E

P I —N PHOTO-PROD

79 IP WA ++ PI N TO 2PI N

79 IPWA PI N TO PI N

79 IPHA PI N TO PI N

11/67

6/68
1/71

8/69
2/72
1/76

11/75
ll/75
11 /77

1/76
11/77
11/77
11/77
3/79¹
3/79¹

12/79¹j2/79¹
12/79¹
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S214 Particle Data Group: Review of particle properties

BaryOnS
a(1650), h,(1670)

Data Card Listings
For notation, see key at front of Listings.

W

W

W

W

W

W

W

W

W

W

RE
RE
RE

82 Ni]'3/ 2( 1650 ) W I DT H (MEV )

1 (
3
6 . (
4 (
7 (

L
(
(

8 (
2 {
5 {

SEE T

A VERAGE

250 ~ 0)
177» 0)
142 0)
141~ 0)
140~ )
125~ TO 214.
160» OR 150~

161.)
246 ~ )
120» }
180~ )
120» )
140» 20 ~

139~ 1&~
l. E NOT ES ACCOMPANY ING THE

~ ~ ~ ~ ~ ~ ~

MEANI NGLE SS ( SCALE FACTOR

BAREYRE 68 RVUE
DGNNACHl 68 RVUE
AYED 70 I P WA

DAV I ES 70 R VUE
ALMEHFD 72 I P Wk

CRA WFQRD 75 DP WA

LQNGACRE 75 I PWA
AYED 76 IP WA

BARBOUR 76 DP WA

LQNGACRE 77 I P WA

BARBOUR 78 DPWA
BARNHAH 79 IPWA
CUTKOSKY 79 IPWA
HOEHLER 79 IPWA
MASSES QUOTED»

1 ' 0)

P-S ANA L SOL A

P I N PHOT, G-PROD
PI N TO 2P I N

P I N PHOTO-PROD
PI N TO ZP I N

P I-N PHOTO-PROD
++ PI N TO 2PI N

PI N TQ PI N

PI N TO PI N

(1583» }
1575~ OR 1572 ~

{1597 )

LONGACRE
LQNGAC RE
CUTKOSKY

75 I PWA
77 I PWA
79 IPWA

PI N TQ 2P I N

PI N TG ZPI N

P I N TO PI N

82 .Nili3/2(1650) REAL PART OF POLE POSITION (HEV)

11/67
6/68
1/71
8/69
2/72
1/76

11/75
11/77

1/76
11/77

3/ 79i!'
12/79~
12/TW
12/794

11/75

11 /75
11/77
12/79+

REFERENCES FOR N+3/2(1650)

DEVL IN 65 PRL 14 1031 T J DEVLIN J SOLOMON, G BERTSCH {PRINCETON) I

BAREYRE 68 PR 165 1731
DCNN ACH1 68 PL 268 16 1

ALSO 68 VIENNA 139
AL SO 68 THE SI S

P BAREYREp C BRICMANt G VILL ET ( SACLAY ) IJP
A DONNACHI Eg R G KIRSOPPi C LOVELACE (CERN) I JP
DONNACHIE RAPPORTEUR ' S TALK ( GLA S)
R G KIRSQPP (ECIN }

ALMEHED
DEVE NISH
HEHMI 1
HGORHOU S

DEVENIS 2
KNIES
ME TCALF
MOGRHOUS

72 NP B40 157
73 PL 478 53
73 PL 438 79
73 PL 438 44

74 PL 52B 227
74 PRO 9 2680
74 NP BT6 253
74 PRD 9 1

CRAWFORD 75 NP 897 125
KR IVETS 75 5 JNP 20 430

A) SO 74 S JNP 19 112
LQNGACRE 75 PL 55B 415

AlSO 78 PRD 17 1795

AYED 76 CEA-N-1921
BARBOUR 76 NP B111 358
FELLER 76 NP B 104 2).9

+LOVELACE ( LUNDY RUT G ) I JP
DEVENISHt RANKINi LYTH (LOUC+BONN+LANC) I JP
HEMMI t INAGAKI+ {KYOTO+S AGA+K EK+TGKY ) IJ P
MGQRHOUSE i GBERLACK ( GLAS+LBL ] I JP

OE V EN I SH g (.Y TH g RA NK IN
KNI ESy MQQRHOUSEi OBERLAC K

W J HETCALF ~ R L WALKER
MOQRHQUSE g GBERLACK gROSENFE LD

R I CRAWFORD
+MIROSHNICHENKOg NIKIFORQVw SANI N+

KRI V ET St N IK I FCROV e SAN IN e SHALAT SK I
+ROSENF ELD g LASINSKI i SHAD JA+
LDNGACREt l AS INSKI g RQSENFELD+

LANC g BCNN }I JP
( LBLy GLAS) I JP

(CIT ) I JP
( GLAS+LBL ) I JP

(GLAS ) IJP
( KIEV) I JP

I (KIEV) I JP
{LBLg SLAC ) I JP
{LBLy SLAG)

AYED ( THESIS) (SACL) I JP
I » M ~ BARBOUR' R ~ L ~ CRAWFORD ( GLAS) IJP
+F UK USHI MA y HOR I KA WA g KA J I KAW A+ ( NAGGYA+0 SAK A ) I J P

AYED 70 KIEV CCNF R AYEDgP BAREYREg G VILLET ( SACL ) I JP
DAVIES 70 NP 821 359 A DA VIE S (GLAS)

IM
IM
IM

(143 )
1 19~ OR 128»

(120~ )

LGNGACRE 75 IPWA PI N TO 2PI N

LONGACRE 77 IP'WA PI N TO 2 PI N

CUTKOSKY 79 IPWA PI N TO PI N

82 N+3/2{ 1650) -Zi!»IMAG PART QF PCLE PGS IT IQN (MEV) 11/75

11/75
11/77
12 /79+

AZNAURYA 77 EF I —264( 57) -77
LQNGACRE 77 NP 8122 493

ALSO 76 NP B108 365

+AKQPQVgBAGQASARYAN (YEREVAN PHYSICS INST ) IJP
l.ONGACR E e DOL BEAU ( SACL) I JP
DOL BEAU t T R I ANT IS e NEV EU i CADI ET ( SACL ) I JP

RER (-6» )

82 4+3/2{ 1650) REAL PART OF ELASTIC POLE RESIDUE (MEV)

CUTKOSKY 79 IPWA PI N TG PI N 12/ 794'

BARBOUR 78 NP 8141 253 BAR B GU Rg C RAW FOROy P AR SQN S {GLAS)
BARNHAM 79 IC/HENP/78/3 +GLICKMANi HIER-JEDRZEJQWICZ+ (LCIC) I JP
CUTKQSKY 79 PRD 20 2839 +FORSYTHi HENDR IC K g KE LLY {CARN+ LBL) I JP
HOEHLER 79 HANDBOCK OF PI-N SCATT ER ING PHYS IK OATEN VQL 12-1

+KAI SERI KOCH iPIETARINEN /KARLSRUHE I JP

PAPERS NOT REFERRED TO IN DATA CARDS

IHR (-15» )

82 N+3/2( 1650 } IMAG PART OF CLASTIC POLE RESI DUE {HEV)

CUTKQSKY 79 I PWA P I N TQ P I N

82 Ni!'3/2( 1650) PARTIAL DECAY MODES

12/794'

CARR UTHE
DEVL IN
HE LLANO
BAREYRE
JOHNS GN
DQNNACH I
AY ED

BQW( ER
DEAN S

60 PRL 4 303
62 PR 125 690
64 P R 134 8 1062
65 PL 18 342
67 U CRL-1 7683 T HE 5 IS
69 NP 108 433
70 PL 31B 598
70 NP 17B 331
75 NP 896 90

P CARRUTHERS (CORNELL ) I
T J DE VL IN w B J MOYE Re V PERE Z-MENDEZ ( LRL) I
+DEVLIN HAGGE LONGO MOY ER HOOD (LRL) I
+ BR ICMAN y STI RLI NGe Vi LLET {SACi AY) I JP
C H JOHNSON {LRL)
A DONNACHIEr R KIRSQPP (GLAS+EDIN )
+BAREYRE i VILLET {SACLAY)
+CASHMORE {U ~ QXFCRD )
+Mi TCHELL i MGNTGGHERY y+ (SFLATALABAHA) I JP

Pl
P2
P3
P4
P5
P6
P7
PB

N&3/ Z ( 1650)
N&3/2( 1650)
N43/2( 1650)
N+3/2 {1650}
N+3/Z(1650)
N43/2(1650)
N~3/2(1650]
N+3/2 ( 1650)

INTO P I N

INTO N PI Pj
INTO GAM NUCLEON, HELICITY=1/2
INTO 4+3/ 2( 1232 ) P I
I NT C N RHO
INTO N RHQi S=l/2 r S WA VE
INTO N RHOy 5=3/ZgD-WAVE
INTO N+1/2(1470) Pi

DECAY MA SSE S
139+ 938
938+ 139+ 139

0+ 938
123 2+ 139

93 8+ 776
93 8+ 776
938+ 776

1470+ 139

Q( 3 6'70) 10 N»3/2(1670, J»=3/2-) E=3/2 D33
THE EXISTENCE OF THI S RESONANCE IS WELL ESTABLISHED ~

Rl
Rl
Rj
Rl
Rl
Rl
Rl
R),
Rl
Rl

RZ
R2
RZ
R2
R2
R2
R2

R3
R3
R3
R3

R4
R4

R5
R5

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

82 5+3/2( 1650) BRANCHING RATIOS

Nil'3/2{ 1650) INTQ (P I N) /TOTAL
(0 ~ 284)
(0 ~ 317)
(0 28)
(0~ 35 )

( ~ 321
, 25
35

DGNNACHl
AY ED
DA Vj ES
AL MEHED
AYED
CUTKQSKY
HQEHLER

68 RVUE
70 IPWA
70 RVUE
7Z IPWA
76 I PWA
79 I PWA
79 I PWA

(Pl)

P-S ANAL SOL A

P I N TO PI N

PI N TQ PI N

N»!'3/2 (1650) FROM PI N

L ( ~ 18 )QR —~ 28
8 (- ~ 08)

5 —~ 40 F 10

N+3/2(1650) FROM PI N

8 (+.13 )

N&G/2( 1650} FROM PI N

5 ~ ll ~ 05

TQ N RHGySc 1/Zy S-WAVE SQRT( P 1+P6}
LONGACRE 75 IPWA PI N TG 2PI N

LQNGACRE 77 I PWA P I N TO 2P I N

BARNHAM 79 I PWA ++ P I N TQ 2P I N

TO N RHODE S=3/2 p D-WAV E SQRT (Pl+PT)
LQNGACRE 77 IPWA PI N TQ ZPI N

TQ N+ j/2(1470) PI SQRT (P I+P& )
BARNHAM 79 IPWA ++ PI N TO 2PI N

&2 Ni'3/2(1650) PHOTON DECAY AHPL (GEV++-1/2)

FQR DEFINI TIGN OF GAMMA-NUCLEON DECAY AMPL ITUDESi SEE MINI-
R EV IEW PRECEDING THE BARYON L I STINGS»

N~3/2 ( 1650) INTO
~ 004

( 113)
+ 090

1'3
~ 033
~ 105

078
+ F 044

(+ 058)
(+.055}
-» 005
—~ 014

~ 000
+.034

GAH NUCLEONS
033

~ 076
«017
015

~ 038
~ 066
~ 027

016
~ 030
~ 014
~ 028

1/2 {GE V++- I/2 )
73 DP'WA Pj N PHOTO PROD
73 + FQD P IO PHTOPROD
73 DP WA P I N PHOTO-PROD
74 D PWA P I N PHOTO-PROD
74 DPWA PI N PHOTO PROD
74 D P WA P I N PHOTO-PROD
74 DP WA PI N PHOTO-PROD
75 DP WA P I N PHOTO-PROD
75 DPWA P I-N PHOTO-PROD
76 DPWA P I N PHOTO-PROD
T6 DPWA P I N PHOTO-PROD

N 77 DPWA PIO PHTPRDgSOL 1
N 77 DPWA P I0 PHTPRD ~ SQL 2

78 DPWA P I-N PHOTO-PROD

HELICI TY=
DEVENI SH
HE HHI 1
MQQRHGUS
DE VENI S2
KNIE S
METCALF
HOQRHGUS
CRAWFORD
KRIVETS
BARBOUR
FELLER
AZ NAURYA
AZ NAURYA
BARBOUR

» ~ » ~ » ~ ~ ~

EANINGLESS (S CALE FACTOR c 2 ~ 4)AVERAGE M

» ~ » ~ » ~ ~ » ~

AVERAGE MEANINGLESS (SCALE FACTOR c 1 4)

N+3/2 (1650) FROM PI N TQ N+3/2(1232) PI SQRT(P I+P4)
L (+ ~ 40) OR + 40 LQNGACRE 75 IPWA PI N TD 2P I N

8 (+~ 39 ) LQNGACRE 77 I P WA P I N TO 2 PI N

8 LCNGACRE 77 CONSIDER THIS COUPLING TQ BE WELL DETERMINED ~

5 + ~ 33 ~ 06 BARNHAH 79 I P'WA ++ P I N TO 2P I N

5 THE COUPLING SIGNS (WHERE DETERMINED) OF BARNHAM 79 HAVE BEEN
5 CHANGED TQ AGREE WITH THE CCNVENTICh OF LQNGACRE 77

6/68
1/71
8/69
2/72

11/77
12/79~
12/794

11/75
11/75
11/77

12/794
12/79+
I 2/794

11/75
11/75
11/77
12/79+

11/77
11/77

12/79+
12 /794'

2 /74
2/74
2/73
4/75
2/74
2 /74
2/74
1/76
1/78
1/76
2/77

12/79+
12/79'!'
3/79~

10 N+3/2{ 1670) MASS (HEV)

PHA SE- SHI F T ANAL 8/6968 R VUEM 3
M 6
M

M 7
M

H

M

M

M

M

M 8
M &

H 8
H

M

M

M

M

M

M A

(1691 0) DQNNACH1
ENER DEP FIT OF ARGAND DIAGRAM

{1649»0) DA VI ES
(1700 ~ } ALMEHED
1612' TQ 1624 ' CRAWFORD

(1600 ) {10 ~ ) GA I DOS
L 1725 ~ OR 1680~ LG NGAC RE
L ThE 2 SETS OF PARAHETERS ARE FROM HETHQD

(1723~ ) AY ED
{1629~ ) BARBOUR
(1600~ ) LONGACRE

ALL LQNGACRE77 PARAHETERS ARE FRCM SQLUT
POSITION WHICH IS FROH SOLUTIONS Sl AND

5 {1629») BARBOUR
5 SUPER SEDE S BARBOUR 76»
9 (1650 ~ ) BARNHAM

1730 30 ' CUTKGSKY
1680 70 HGEHLE R
~ ~ ~ ~ ~ » ~ ~ ~

VERAGE MEANINGl E SS ( SCALE FACTOR = 1 ~ 0)

70 RV UE
72 IP WA

75 DPWA
75 HBC
75 I PWA
S 1 AND
76 IP, WA

76 DPWA
77 IP WA

ICN S2i
Cl
78 DP WA

8/69
2/72
1/76
1/76

11/75
11/75
11/77
1/76

11/77
11/77
11/77

3/79+
3/79+

121794'
12/ 79+
12/79~

P-S ANAL SOL A

P I N PHOT 0-PROD
++ P I+P TQ Nil' 2 PI

Pi N TG 2PI N

2 OF LONGACRE 75.
PI N PHOTO-PROD
P I N TQ 2P I N

EXCEPT FOR T HE PQL E

P I-N PHOTO-PROD

79 IPWA ++ PI N TQ 2PI N

79 IPWA PI N TO PI N

79 IPWA PI N TQ PI N

10 Ni]:3/2( 1670) 'WIDTH {MEV )

W 3
W 6
W

W 7
W

W

W

W 8
W 5
W 9
W

W

W

( 269 0)
(258 ' 0)
( 188» 0)
{260 ' )

210~ TO
, {180 )

190~ OR
( 192» )
(222. )
( 200. )
(216 )
( 160~ )

3 00»
230»

~ ~ ~ ~ ~

AVERAGE HEANINGLE
SEE THE NQT ES

DONNAC H1 68
AY ED 70
DA VI ES 70
ALHEHED 72
CRAWFORD 75

{20 ) GAIDOS 75
LONGACRE 75
AYED 76
BARBOUR 76
LONG AC RE 77
BARBOUR 78
BARNHAM 79

100 ' CUTKOSKY 79
80» HOEHl ER 79

~ ~ ~ ~

SS ( SCALE FACTOR = 1»0}
ACCQ HPA NY I NG THE M AS S ES QUOT

RV UE
IPWA
RVUE
I PWA

DPWA
HBC
IP WA

I PWA
DPWA
I PWA
DP WA

IP WA

IPWA
IPWA

268 ~

(35 )
240 ~

ED

SOL A

P I N PHOTO-PROD
++ P I+P TQ N+ 2 PI

Pi N TQ 2PI N

PI ]
PI
PI-N

++ Pl N

PI N

Pj N

PHOTO-PROD
TQ 2P I N

P HOT G-PROD
TO 2P I N

TQ Pi N

TG PI N

8/69
1/71
8/69
2/72
1/76
1/76

11/75
11/77

1 /76
11/77
3/79+

I2/79+
12/790
12 /794

10 Nili3/2{ 1670) REAL PART QF POLE POSITION ( MEV) 11/75

(1681» }
1600 OR 1 594 ~

( 1691~ )

10 N+3/2{ 1670) -2+IHAG PART QF PCLE POSITION ( MEV) ll/75

RE LGNGACRE 75 I PWA P I iN TQ 2P I N 11/75
RE 8 LONGACRE 77 IPWA PI N TG 2 PI N 11/T7
RE CUTKOSKY 79 IPWA PI N TO PI N 12/79+

IM
IM 8
IH

( 245
208» OR 201 '

{292. )

LGNGACRE 75 IP WA

LGNGACRE 77 IPWA
CUTKOSKY 79 I P WA

P I N TO 2PI N

P I N TO 2PI N

PI N TG PI N

11/75
1 1/77
12/79~
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Particle Data Group: Review of particle properties S215

Data Card Listings
For notation, see key at front of Listings.

Baryons
g(yeso), a(1690)

RER (24 )

10 N»3/2( 1670 ) REAL PART OF ELASTIC POLE RE SID UE (HEY)

CUTKGSKY 79 I P WA PI N TO PI N 12/79»

ALMEHED 72 NP 840 157
DEVENISH 73 PL 478 53
MOOR HOU S 73 P L 43B 44

+LOVELACE
DEVENISHy RANKIN'S LYTH
MOGRHOUSE~ GBERLACK

( LUNDY RUTG) I JP
(LOUC+BONN+LANC ) I JP

( GL, AS+LBL ) I JP

IMR (-2 )

10 N» 3/2( 1670) I NAG PART OF ELASTIC PGL E RES IDU E (MEV )

CUTKQSKY 79 IPHA PI N TO PI N 12/79»

DE VENI S2 74 PL 528 227
KNI ES 74 PRD 9 2680
METCALF 74 NP B7& 253
MOORHQU S 74 P RD 9 1

DEVENISHt LYTHg RANK IN ( DE SY g LANC y BONN ) I J P
KNIE S y MOORHG USE gOB ER LAC K ( LBLg GLAS ) I JP
W J NETCALFy R L HALKER (CIT) I JP
MOGRHQUSEyOBERLACKt RGSENFELD {GLAS+LBL ) I JP

10 N»3/2( 1670) PARTIAL DECAY MODES

CRA HFORD 75 NP 897 125
DEANS 75 NP 896 90
GAI DOS 75 PRD 12 2565
LGNGACRE 75 PL 558 415

ALSO 78 PRO 17 1795

R L CR AHFORD
+MI TCHELL g MONTGOMERY g+
GA IDOS pMILLER
+ROSENF ELD g LAS I NS K I g S MAD J A+
LONGACRE ALA S INSKI q ROSE NFELD+

(GLAS) I JP
(SFLAp ALABAMA) IJP

(PURD) I JP
(LBLg SLAC) IJP
( LB L g S LAC )

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pl 1

N»3/2 (1670)
N»3/2{1670)
N»3/2{ 1670)
N»3/2 (1670)
N»3/2{ 1670)
N»3/2 (1670)
N»3/2 ( 1670)
N»3/2 ( 1670}
N»3/2 {1670)
N»3/2( 1670)
N»3/2(1670)

INTO P I N

I NTO N PI P I
INTO K SIGMA
INTO GAM NUCLEONS HEL ICITY~ 1/2
INTO GAM NUCLEONS HELICITY=3/2
INTO N»3/ 2( 1232 ) P I
I NTG N»3/2(1232 ) PI g S-WAVE
INTO N»3/2( 1232 } PI yD-WA VE
INTO N RHODE S=3/Zg S-HAVE
INTO N RHOg S=l/2 gD-WAVE
INTO N RHOp S=3/2, 0-WfAYE

10 N»3/2( 1670) BRANCHING RATI GS

DECAY MASS ES
139+ 938
938+ 139+ 139
493+1189

0+ 938
0+ 938

1Z32+ 139
1232+ 139
1232+ 139

938+ 776
938+ 776
93 8+ 776

AY ED
BA RBOUR
FE LLER

76 CEA-N- 1921
76 NP 8111 358
76 NP 8104 219

AZ NAURYA 77 EF I-264 ( 57 }-77
LONGACRE 77 NP 8 12 2 493

ALSO 76 NP 8108 365

BARBOUR 78 NP B 141 253
BA RNHAM 79 I C/ H ENP /78/3
CUTKOSKY 79 PRD 20 2839
HQEHLER 79 HANDBOOK OF PI N

AYED ( THESIS) (SACL) I JP
I ~ M ~ BARBOUR' R e L ~ CRA WFORD (GLAS) I JP
+FUKUSHI MA tH GRI KAW Ar KAJ IKAW A+( NAGOYA+GSAK A ) I JP

+AKGPQYy BAGDASARYAN ( YEREVAN P HYSIC S I N ST ) I JP
I ONGACREgDQLBEAU {SACL }IJP
DGLB EAUX TR IANTI S i NE VEU s CADI ET (SACL) I JP

BARBOUR gCRA HFORD g PAR SONS {GLAS )
+GLICKMANg MI ER-JEDRZEJOWICZ+ ( LGIC }I JP
+FGRSYTH gHENDRICKy KELLY ( CARN+LBL ) IJP

SCATTERING' PHYSI K OATEN VGI ~ 12-1
+KAI SERg KOCH' P ICTARINEN /KAR LSRUHE I J P

PAPERS NOT REFERRED TO IN DATA CARDS

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

N»3/2 {1670) INTO
3 {0 14)
6 (0 ~ 217)
4 (0 ~ 12)
7 (0 ~ 16 )

{~ 17)
~ 12
~ 20

~ ~ ~ e e e ~

AYE RAGE MEANINGLESS

( P I N) /TOTAI
DONNACH1
AY ED
DA VIE S
AL MEHED
AYED

~ 04 CUTKOSKY
«03 HQEHLER

~ ~

(SCALE FACTOR = le6)

68
70
70
72
76
79
79

RVUE
IP WA

RV UE
IP WA

IPHA
IPHA
IP HA

(Pl)

SOL A

PI N TO PI N

P I N TO PI N

8/69
1/71
8/69
2/72

I. 1/77
12/79»
12/79»

DC NN ACH I 69 NP 1 08 433
AYED 70 PL 318 598
BOWL ER 70 NP 1 78 331
WINNIK 77 NP 8128 66

A DGNNACHIEg R KIRSOPP
+BAREYREy VILLET
+CASHNGRE
+TOAFFgREVELgGGLDBERGgBERNY

( GLAS+E DI N )
{ SACLAY}

(U QX FORD )
(HAIF) I

R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4

R5
R5
R5

R6
R6
R6
R6
R6

R7
R7

RB
R8

N»3/2 ( 1670) INTO ( K SIGMA ) /TOTAL (P3)
1 ( e00002)GR LESS FEUERBACH 70 RVUE P I P TO K+ SIG+
1 A S SLIME NA SS t HI 0TH e X ( E LAST) OF DGNNACHI E 68

MODEL USED MAY DOUBLE COUNT e

N»3/2(1670) FROM PI N TQ N»3/2(1232) PI g S-HAVE SQRT(Pl»P7)
L (- ~ 25)GR -e24 LGNGACRE 75 IP WA P I N TD 2PI N

8 ( ~ 30) LONGACRE 77 I PHA P I N TO 2PI N

8 LCINGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED ~

9 18 ~ 04 BARNHAM 79 I PHA ++ P I N TO 2P I N

9 THE COUPLING SIGNS (WHERE DETERMINED) OF BARNHAM 79 HAVE BEEN
9 CHANGED TG AGREE W ITH THE CONV ENT IGN. OF LONGACR E 77 ~

N»3/2 (1670) FROM P I N TO N»3/2(1232) Ply 0-HAVE SQRT(P l»PB)
L (0 ~ ) OR ( —~ 10) LGNGACRE 75 IPWA P I N TO 2PI N

8 {-~ 05 ) LQNGACRE 77 IPWA Pl N TO 2PI N

9 ~ 14 ~ 04 BARNHAM 79 IPHA ++ P I N TO ZPI N

N»3/2 (1670) FROM P I N TO N RHOy S=3/Zg S-HAVE SQRT (P 1»P9)
L ( ~ 20) OR +e30 LGNGACRE 75 IPWA PI N TO 2P I N

8 (- 04) LGNGACRE 77 IP WA P I N TO 2 PI N

N»3/2( 1670) FROM PI N TQ K SIGMA SQRT (Pl»P3 )
2 ( 001)TO .011 DEANS 75 DP WA PI N TO K SIGNA
2 RANGE GI VEN I S FROM FOUR BEST SOLUTIONS ~

2 DEANS75 DISAGREES WITH PI+ P TG K+ SIGMA+ DATA OF HI NNIK77
2 AROUND 1920 MEV ~

N»3/2, ( 1670) FROM P I N TQ N

RHODE

S= 1/Zy D-HAVE SQRT (Pl»P10)
9 17 ~ 05 BARNHAN 79 IPHA ++ PI N TD 2P I

N»3/2 ( 1670) FROM PI N TO N RHOg S=3/2 g 0-WAVE SQRT (Pl»Pll)
9 ~ 18 F 07 BARNHAM 79 I PWA ++ PI N TO 2P I N

7/70

11/75
11/75
11/77

12/79»
12/79»
12/79»

11/75
11!75
11/77
12/79»

11/75
11/75
11/77

11/75
11/75
11/75
1/78
1/78

12/79»
12/79»

12/79»
12/79»

19 N» 3/2( 1690m JP=3/2+) I =3/2

19 N»3/2 ( 1690 } MASS ( MEV )

N 3
M 3
M 3
M 6
M 6
M 7
M L
M L
M

M 8
M 8
M 8
M 4
M

M

M

N AV

RYUE PHASe SHIFT-CERN1 10/69
RVUE P HASE SHI FT ANAL 10/69

SOP P. EYEBALL FIT CERN I 10/&9
IPWA I /71

(1690 ~ ) DONNACH2 68
(1690e } K IRSOPP 68

WHERE MAX ~ ABSORPTION IS -DGNNACH1~ 2 FAKIR
(1801 0) AY ED 70

ENER DEP ~ F I T OF ARGAND DI AGRAM
(1680 ~ ) ALMCHED 72
1900 OR 1640 ~ LONGACRE 75

THE 2 SETS OF PARAMETERS ARE FROM METHODS
(1900~ ) AYED 76
{1560 ) LGNGACRE 77

ALL LONGACRE77 PARAMETERS ARE FRGN SOLUTIO
POSITION WHICH IS FROM SOLUTIGNS Sl ANDNCl

( 1690~ ) BARNHAM 79
1640 ~ 50 ' CUTKOSKY 79
1522e 13 ' HOEHL ER 79
e « ~ ~ ~ e ~ ~ e

ERAGE MEANINGLESS (SCALE. FACTOR t 2 ~ 3)

IP HA

I P HA

1 AND
IPHA
I PWA

N SZg

I PHA
I P WA

IPHA

2/72
11/75
11/75
11/77
ll/77
11/77
1 1/77
12/79»
12/79» .

12/79»

P I N TO 2PI N

2 OF LQNGACRE 75.
PI N TQ 2P I N

EXCEPT FOR THE POLE

++ PI N TO 2P I N

P I N TG PI N

P I N TG Pl N

19 N»3/2( 1690} WIDTH ( MEV)

RECENT ANALYSE S INDI CATE AT LEAST ONE P33. RESONANCE
SOMEWHERE IN THE 1650-1900 '

ME V RE G I ON IN ADDI T I CN
TO THE STATE LISTED' THE ANALYSIS OF BARNHAM 79 I S
CONSISTENT WITH THE PRESENCE OF ANOTHER P33 RESONANCE
WITH MASS 1&00 NEV AND Wl IDTH 80 MEV ~ SEE ALSO THE
N»3/2(1960' JP=3/2+) LISTINGS ~

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

N»3/2 ( 1670) I NTQ
e 036

+ 068
~ 054
~ 078
~ 0
041

+.101
(+.120)
+ ~ 072
+.147
+.136
+, 130

~ ~ e ~ ~ \
AVERAGE MEANINGLESS

GAN NUCL EON g HEL I CITY=
~ 052 DEVENISH
042 NGGRHGUS

~ 029 DE VENI S2
~ 009 KN IES
~ 048 NE TCALF
~ 028 NQQRHOUS
~ 011 CRAWFORD

BA RBOUR
~ 033 FELLER
~ 013 AZNAURYA
~ 013 AZNAURYA
037 BARBOUR

~ ~ ~

(S CALE FACTOR ~ 2 ~ 1)

1/2
73
73
74
74
74
74
75
76
76

N 77
N 77

78

( GEY»»-I/
DP WA

DPWA
DPWA
DPWA
DPHA
DP WA

DPHA
DP HA

DP WA

0PWA
DP WA

DPHA

2)
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
PI N PHOTO-PROD
PI N PHOTO-PROD
P I N PHOTO-PROD
PIO. PHTPRDySOL 1
P I 0 PHTPRD y SOL 2
P I-N PHOTO-PROD

10 N»3/2 ( 1670 ) PHOTON DECAY A MPL (GEV»»-1/2 }

FOR DEFI NI TION OF GAMMA-NUCL EON DECAY AMPL ITUDES g SEE MI NI-
RE VIEW PRECEDING THE BARYON LI STINGS ~

2/74
2/73
4/75
2 /74
2/74
2/74
1/76
1/76
2/77

12/79»
12/79»
3/79»

W 3
H 3
H 6
H 7
H L
W

W 8
W 4

H

H

W AV

RE
RE 8
RE

{281. )
(240 ' )
(598 0)
( 220e )
205 OR 300 ~

(204 )
( 180. )
(250

370~ 70
220 40e

~ ~ ~ ~ ~ ~ ~ e ~

ERAGE MEANINGLESS (SCALE FACTOR = 1 e 9)
S EE THE NGT ES ACCOMPANY IN G MASS ES QUOTED

DONNAC H2 &8
KIRSGPP 68
AY ED 70
ALMEHED 72
LONGACRE 75
AY ED 76
LONG AC RE 77
BARNHAM 79
CUTKOS KY 79
HOEHLE R 79

RVUE
RVUE
IP WA

IPWA
I P WA

I P WA

IPWA
IP WA ++
I PHA
I P WA

P HASe SHIFT-CERNl
P HASE SHIFT ANAL

P I N TG 2PI N

PI N TO 2PI N

P I N TO 2PI N

PI N TO PI N

PI 'N TQ PI N

10/69
10/69

I. /71
2/72

11/75
11/77
11/77
12 /79»
12/79»
12 /79»

(1609 }
1541 OR 1 542

(1547 )

LONGACRE 75 I PWA
LONG ACRE 77 I P HA

CUTKQ SKY 79 IP WA

P I N TO 2PI N

PI N TO 2PI N

P I N TO PI N

11/75
11/77
12/79»

19 N»3/2( 1690) REAL PART GF POI E POSITI ON ( MEV) 11/75

A2
A2
A2
A2
A2
A2
A2
AZ
A2
A2
A2
A2
A2
A2
A2

5

AVE

N&3/2 (1670) INTO
F 110

+ ~ 022
~ 072
070
0

~ OZ1
+e 116

(+ ~ 117)
+. 087
+.053
+ ~ 022
+. 098

~ ~ ~ ~ e
RAGE MEANINGLESS

GAM NUCL EON t HEL ICITY=3
~ 039 DEVENISH
~ 052 MOGRHG US
~ 0 14 DEYENIS2
~ 009 KNI E S
e041 ME TCALF
020 . NOGRHOUS

~ 024 CRAWFORD
BARBOUR

~ 023 FELLER
~ 003 AZNAURYAN
003 AZNAURYAN
036 BARBOUR

~ ~ ~

{SCALE FACTOR ~ 4 ~ 9)

/2 ( GE V»»-1/2 )
73 DPWA PI N PHOTO PROD
73 DP HA P I N PHOTO-PROD
74 DP WA P I N PHOTO-PROD
74 DPHA PI N PHOTO PROD
74 DP WA P I N PHOTO-PROD
74 DP HA P I N PHOTO-PROD
75 DPHA P I N PHOTO-PROD
76 0 P WA P I N PHOTO-PROD
76 DPWA PI N PHOTO-PROD
77 DP WA P 10 PHTPRD g SOL 1
77 DPHA P I0 PHTPRD y SOL 2
78 DPWA P I-N PHOTO-PROD

2/74
2/73
4/75
2/74
2/74
2/74
1/76
1/76
2/77

12/79»
12/79»
3/79»

IM
IM 8
IM

RER
AG

IMR

19 N»3/2{ 1690) -2»I MAG PART OF POLE PGS IT ION ( MEV)

{323 )
178 OR 178 '

(230 )

LONGACRE 75 IPHA P I N TO ZPI N
LQNGACRE 77 IPWA PI N TO 2PI N
CUTKOSKY 79 IP 'WA - P I N TO P I N

19 N»3/2( 1690} REAL PART OF ELASTIC POLE RESIDUE (MEV)

(-18~ ) CUTKOSKY 79 I P WA PI N TO P I N

19 N»3/2{ 1690) IMAG PART OF ELASTIC POLE RESIDUE (MEV )

CUTKOSKY 79 IPHA P I N TQ PI N

11/75

11/75
11/77
12/79»

12/79»

12/79»

DQNNACH1 68 PL 268 161
ALSO 68 V I ENNA 139
ALSO 68 THESI S

REFERENCES FOR N»3/2( 1670)

A DQNNACHI E g R G KI RSOPPg C LOVELACE (CERN) I JP
DONNACHIE RAPPORTEUR'S TALK ( GLAS)
R G KI RSOP P ( ED IN )

AYED 70 KIEV CONF
DAVI ES 70 NP 821 359
F EUERBAC 70 NP 168 85

R AY EDt P BAREYREt G VILL ET
A DAVIES
FEUERBACHER+HGLLADAY

( SACL) I JP
(GLAS )

( VA NDE RB I LT }
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S2'i 6 Particle Data Group: Review of particle properties

Baryons
~(1690), ~(1690)

Data Card Listings
For ~otation, see key at front of Listings.

Pl
P2
P3
P4
P5.
Pb
P7

N»3/2 (1690)
N~3/2{ 1690)
N»3/2 ( 1690)
N &3/2 {1690 )
N»3/2 ( 1690)
N»3/2 (1690)
N»3/2( 1690}

19 N»3/2( 1690) PARTIAL DEC A Y MODES

INTO P I N

INTO K SIGMA
INTO N»3/2( 1232 } PI 9P-WAVE
I NTG N»3/2 ( 1232 ) PI 9 F-W AV E
INTO N RHO9 5= 1/22P-WAVE
INTO N RHQ9 5=3/29 P-WAVE
I NTQ. N» 1/2( 1470} PI

DECAY MASSES
139+ 938
493+1189

1232+ 139
123 2+ 139
93 8+ 776
93 8+ 776

147 0+ 139

BARBOUR T8 HP 8141 253
HOVOSELL 78 NP B 137 509

ALSO 78 NP 8137 445

BARBOUR 5 CRAW FORDg PARSONS
D E ~ NOVO SELLER
DE ED NOVOSELLER

( GLAS )
(CAL TECH) IJP
(CAL TECH)IJP

BARHHAM 79 IC/HENP/78/3 +GLICKMAH, MIER-JEDRZ E JGWICZ+ (LQIC) I JP
CUTKOSKY 79 PRD 20 2839 +FQRSYTH 2HENDR IC K5 KE LLY ( CARN+LBL ) IJP
HQEHLER 79 HANDBOOK OF PI-N SCATTERINGP PHYSI K OATEN VOL ~ 12-1

+KAISERr KOCHt P IETARINEN /KARLSRUHE I JP

PAPERS NOT REFERRED TG IN DATA CARDS

19 N»3/2 (1690 ) BRANCHING RATIOS

AYED
BOWLER
WINNIK

70 PL 31B 598
70 NP 17B 331
77 NP B128 66

+BAREYRE ~ VILLET
+CAS HMGRE
+TQAFF5REVEL3GOLDBERG9 BERNY

(5ACLAY j
( U OXF QRD)

(HAIF) I
Rl N»3/2 (1690)
Rl 3 ( 10
Rl 3 ( 08
Rl 6 (0, 13
Rl 7 (0 ~ 1)
Rl ( ~ 19
Rl ~ 20
Rl .21
Rl ~ ~ ~ ~

Rl AVERAGE MEAHIN

INTO (P I H)/TOTAL
)
)
5)

DONNAC H2
K I RSOPP
AY ED
A LMEHED
AY ED
CUT KGS KY
HOEHLER

~ 04.06
~ ~ ~ ~ »

GLESS {SCALE FACTOR = 1 ~ 0)

(Pl)
68 RVUE P HAS ~ SHIFT-CERNl
68 RV UE P HASE SHI FT AHA L
70 IP WA

72 IPWA
76 I P WA

79 I PWA
79 IPWA

1 0/69
10/69

1/Tl
2/72

11/77
12/79»
12/79»

6(1890) 11 N»3/2(1890, JP 5/2+1 1 3/2 F35
THE EXISTENCE OF THIS RESONANCE I 5 WELL ESTABLI SHED»

R2 N&3/2 ( 1690) I NTO ( K 5 IGMA)/TOT AL (P2)
R2 1 ( 00002) OR LESS FEUERBACH 70 RVUE PI P TO K+ S IG+
R2 1 ASSUME MASS5 WI DTH5 X ( ELAST ) QF DGNHACHI E 68
R2 1 MODEL U SED MAY DOUBLE COUNT ~

R3 N&3/2(1690} FROM PI N TG K SIGMA SQRT (Pl»P2)
R3 2 { 006}TO 042 DEANS 75 DPWA PI N TO K SIGMA
R3 2 RANGE GI VEN IS FROM FOUR BEST SOLUT IGNS
R3 2 DEANS 75 DI SA GREE S WI TH PI+ P TO K+ 5 IG MA+ DATA OF W I NNI K77
R3 2 AROUND 1920 MEV ~

R4 N&3/2 ( 1690) FROM PI N TO N»3/2( 1232) PI 9P-WAVE SQRT {Pl»P3)
R4 L ( —» 36) OR — 30 LGNGACRE 75 I PWA P I N TO 2P I N

R4 8 (-.34) LQNGACRE 77 I PWA PI N TG 2P I N
R4 8 LQNGACRE 77 CONS ID ER THI S COUPL ING TQ BE W ELL DETERMINED
R4 M ( ~ 3) NOVGSELLE 78 IPWA PI N TO 2PI N

R4 M BW F IT TO LQNGACRE 75 IPWA9 PHASE IS NEAR -90 DEGREES
R4 N {~ 27) NOVGSELLE 78 IPWA PI N TO 2P I
R4 H BW F IT TO HQVOSELLER 78 IPWA PHASE IS NEAR -90 DEGREES ~ THIS FIT
R4 N ASSUMES THE MASS IS NEAR 1900 MEV
R4 4 24 ~ 05 BARHHAM . 79 I PWA ++ PI N TQ 2 PI N

R4 4 THE COUPL I NG 5 IGNS (WHER E DETERMINED ) OF 8 ARNHAM T9 HA VE BEEN
R4 4 CHANGED TQ AGREE WITH THE CONVENTION OF LQNGACRE 77 ~

7/70

11/75
11/75
11/75
1/78
1/78

11/75
11/75
11/77

3/79»
3/79»
3/79»

12/79»
12/79»
12/79»
12/79*
12/79»

M 3
M 6
M 6
M 4
M 7
M 1
M 5
M 5
M 5
M 5
M L
M L
M

M

M 8
M C
M C

M

M AV

11 N»3/2( 1890) MASS (ME V)

(1913.0 } DQ NHACHl 68
(1837.0) AY ED 70

FROM. ENE R ~ DEP ~ FI T OF ARGAND DIAGRAM
(1841 0) DA VI ES 70
(1875 ) ALMEHED 72

1. 890. TO 1986 ME HTA NI 72
{1890 ) LANGBE IN 73
(1890 LA NGBE IN 73

DEANS75 AND LANGBE IN73 DISAGREE WITH PI+ P
WI NNI K77 AROUND 1920 MEV

1870» OR 1830» LO NGAC RE 75
THE 2 SETS OF PARAMETERS ARE FROM METHODS

(1869» ) AY ED 76
1885 2T» CUTKOSKY 76

(1892 ) BARBOUR 78
1920~ 30~ CUTKOSKY 79

SUPERSEDES CUTKGSKY 7b .
1 905 20 HOEHLER 79
» ~ ~ ~ » ~ ~ » ~

ERAGE MEANINGLESS (SCALE FACTOR c 1 ~ 0)

RVUE
I P WA

RVUE
I P'WA

DPWA
IPWA
IPWA
TO K+

I PWA

1 AND
IPWA
I P WA

DP WA

I PWA

I PWA

PHASE-SHIFT ANAL

P-5 ANAL SOL A

P I+ P TO P I+P I OP

PI N-K SIGg SOL 1
P I N-K S IG2SQL 2

SIGMA+ DATA OF

PI N TO 2P I N

2 OF LONGACRE 75 ~

P I-N PHOTO-PROD
PI N TO PI N

PI N TQ PI H

8/69
1/71

8/69
2/72
9/73
9/73
9/73
1/78
1/78

11/75
11/75
11/77
11/77

3/79»
12/79»
12/79»
12/79»

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

19 N»3/2( 1690) PHOTON DECAY A MPL (GE V»»-I/2)

FQR DEF INI TIGN OF GAMMA-NUCLEON DECAY AMPL
R EV IEW PRECE DING THE BARYON L I STI HGS ~

N»3/2{ 1690) INTO GAM NUCLEQNP HELICITY=l/2
016 ~ 0 55 DE VEN I SH 73

—~ 033 ~ 037 DEVENI52 74
» 003 015 KNIE 5 74
~ 0 ~ 038 METCALF 74
»0 020 FELLER 76

+ 006 ~ 0 18 AZNAURYAN 77
—» 119 ~ 014 AZ NAURYA N 77

~ 000 ~ 030 BARBOUR 78

ITUDES 9 S E E MINI-

(GE V»»-I/2 )
DPWA PI N

OPWA PI N

DPWA PI N

DPWA P I N

OPSIA

P I N

DP WA PI 0 P
DPWA P IO P
DPWA PI-N

PHOTO PROD
PHOTO-PROD
PHOTO PROD
PHOTO-PROD
PHOTO-PRQD
HTPRDPSGL 1
HTPRD5SOL 2
PHOT Q-PROD

AVERAGE MEANINGLESS ( SCALE FACTOR = 2 ~ 8)

R5 N»3/2 (1690) FRCM PI N TQ H»3/2(1232) PILAF-WAVE SQRT {Pl&P4)
R5 8 {+.07) LGNGACRE 77 IPWA PI N TO 2PI N

R6 N»3/2 {1690} FROM PI N TQ N RHO5 5=1/2 5 P-WAV E SQRT (Pl&P5}
R6 8 (- ~ 10) LONGACRE 77 IPWA PI N TO 2PI N

R7 N&3/2( 1690) FROM PI N TG N RHOPS=3/2 5 P-WAVE S QRT (P 1» Pb )
R7 8 {— 10} LQNGACRE 77 IPWA PI N TQ 2PI N

R8 N»3/2{ 1690) FROM PI N TO N»1/2{ 1470} PI SQRT (Pl»P7)
R8 2 3 ~ 04 BARNHAM 79 IPWA ++ PI N TQ 2PI N

11/77
11/77

11/77
11/77

11/77
11/77

12/79»
12/79»

2/74
4/75
2/74
2 /74
2/77

12/79»
12/79»
3/79»

11 N»3/2( 1890) WIDTH (MEV)

( 350.
( 198
( 136
( 250»

2 73 ~

( 180
(140
255

( 255 ~

310.
( 159
340
260

W 3
W 6
W 4

7
W 1
W 5
W 5
W L
W

W

W 8
C

W

W

W

0)
0}
0)

TO 322 '
)
)

QR 220
)

DQNNACHl
AYED
DAVIES
ALMEHED
ME HT AN I
LA NGBE IN
LANGBEI N

LONGACRE
AYED
CUTKOSKY
BARBOUR
CUTKOSKY
HO EHLER

90 '
)

80»
20 '»»»»»» ~ »»

AVERAGE MEANINGLESS (SCALE FACTOR ~ 1 ~ 0)
SEE NOTES ACCOMPANY I NG MASSES QUOT ED

68 RVUE
70 I P WA

70 RVUE
72 IPWA
72 DPWA
73 I PWA
73 IP WA

75 IPWA
76 I PWA
76 I O'WA

78 DPWA
79 I PWA
79 I PWA

SGL A

P I+P TQ PI+PI OP
PI N K 5IG5SQL 1
P I N-K SI G 9SOL 2
PI N TQ 2PI N

PI-N PHOTO-PROD '

P I N TQ PI N

P I N TQ PI

AS FGR N»1/2 (}.910)

8/69
1/71
8/b9
2/72
9/73
9/ 73
9/73

11/75
11/77
11 /77

3/79»
12/79*
12/79»

11 N»3/2( 1890) REAL PART GF POLE POSI TI QN ( MEV) 11/75

REE (1813» ) LONGACRE 75 I P WA P I N TO 2 P I H 11/75
REE 1825 ~ 12 ~ CUTKOSKY 76 IPWA 11/77
REE C (1865 } CUTKQSKY 79 I PWA P I N TQ PI N 12/79»

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

N&3/2{ 1690) I NTQ.074
' 008

—~ 034
~ 0
~ 0—.133
088

~ 000

GAM NUCL EQN 9

~ 064
~ 046
~ 022
~ 033
~ 015
~ 042
~ 037
045

HE L IC ITY= 3/2
DE VENI SH 73
DEVENI S? 74
KNIES 7 t
METCALF 74
FELLER 76
AZNAURYAN 77
AZNAURYAN 77
BARBOUR 78

(GEV»&-I/2 }
DPWA PI N

DPWA PI N

DPWA PI N

DPWA PI N

DPWA PI H

DPWA PIO P
DPWA P IO P
DPWA P I-N

PHOTO PROD
PHOTO-PROD
PHOTO PROD
PHOTO-PROD
PHOTO-PROD
HTPRDPSOL 1
HTPRD5SGL 2
PHOTO —PROD

~ ~ ' ~ »» ~ »» ~

AVERAGE MEAHI NGl ESS (SCALE FACTOR = 1»5)

2/74
4/75
2/74
2/74
2/77

12/79»
12/79»
3/79»

IME
I ME

IME C
GV

(193 ' )
250»

(266 )
36 ~

LONGACRE 75 I PWA
CUTKQSKY 76 I PWA
CUTKOSKY 79 IPWA

P I N TQ 2PI N

PI H TO PI H

11 /75
ll/77
12/79»

ll N»3/2( 1890) REAL PART OF ELASTIC POLE RESIDUE (MEV )

11 N»3/2( 1890 } -2»IMAG PART OF POLE POSITION {ME V) 11/75

RER
RER C

13~ 5
(20 ' )

3 ~ 5 cUTKosKY 7e I pwA
CUTKOSKY 79 IPWA PI N TO PI N

11/77
12 /79»

DONNACH2 68 VIENNA 139
KIRSOPP 68 THESIS

AYED 70 KIEV CCNF
FEUERBAC 70 NP 168 85
ALME HED 72 NP B40 157
DEVENISH 73 PL 47B 53

REFERENCES FOR N»3/2 (1690)

DONNAC HIE RAPPORTEUR ' S TALK
R G KI RSQPP

(GLA S)
(EDIH)

R AY EDP P BAREYRE5 G VILLET ( SACL ) I JP
FEUERBACHER+HGLLADAY ( VA NDE RB ILT )
+LOV E LAC E {LUHD5RUTG) I JP
DEVENI SHPRANKIN2 LYTH (LOUC+BQNN+LANC) I JP

IMR
IMR C

—ll»
{-5~ )

11 N» 3/2( 1890& IMAG PART OF ELASTIC POLE RESIDUE (MEV)

CUTKGSKY 76 IPWA
CUTKOSKY 79 IP WA P I N TO PI H

11 N»3/2( 1890) PARTIAL DECAY MODES

11/77
12/79»

DE VE NI S2 74 P L 528 227
KN IE 5 74 P RD 9 2680
METCALF 74 HP B76 253

DEANS 75 NP 896 90
LCNGACRE 75 PL 558 415

ALSO 78 PRD 17 1795

AYED
FELLER

76 C EA-N —1921
76 NP B104 219

AZNAURYA 77 EF I —264{57)—77
LQ NGACR E 77 NP 8 122 493

ALSO 76 NP 8108 365

DEVENI5H5 LYTH5 RANK IN (DE SY9 LAHC 5 BONN) I JP
KN I E S 5 MOORHOU SE 9 GB ERLAC K (LBL5 GLAS) IJP
W J METCALF 5R L WALKER {CIT)IJP
+MITCHELL5 MGNTGQMERY5+ ( SFLA PALABAMA ) I JP
+ROS EHFELDq LAS INSKI5 SMADJA+ (LBL5 SLAC ) I JP
LQNGACRE9LASINSKI 5RQSENFELD+ (LBLPSLAC)

AYED ( THFS IS ) (SACL ) IJP
+FUKUSHI MA 9HORI KAWA 9 KA J IKA WA+ ( NAGQYA+GS AKA) I JP

+AKOPOV9BAGDASARYAH (YEREVAN PHYSICS INST. ) IJP
LONGACREPDOLBEAU ( SACL) I JP
DOLBEAU5TRIANTIS 9 NEVEUP CADI ET ( SACL ) IJP

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10

N»3/2 ( 1890)
N»3/2 (1890)
N»3/2( 1890)
N»3/2 (1890 )
N»3/2(1890}
N»3/2 ( 1890 )
N»3/2 (1890)
N»3/2( 1890)
N»3/2 {1890)
N&3/2 ( I 890)

INTO PI N

INTO N PI P I
INTO K SIGMA
INTO N»3/2( 1232 } PI
INTO GAM NUCLEON5 HELIC ITY=1/2
INTO GA M NUC LEON 5 HEI I C I TY= 3/2
INTO H RHO
INTO N»3/2( 1232) PI 9 P-WAVE
INTO N»3/2( 1232 ) Pj t F-WAVE
INTO N RHO55=3/23P-WAVE

DECAY MA SSE5
139+ 938
938+ 139+ 139
493+1189

1232+ 139
0+ 938
0+ 938

93 8+ 776
1232+ 139
1232+ 139
93 8+ 776
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Particle Data Group: Review of particle properties 8217

Data Card Listings
For notation, see key at front of Listings.

9aryons
h(1890), h,(1900), h(1910)

11 N¹3/2(1890) BRANCHING RATIOS

1890 ) INTO {P I N) /TOT AL
{Oo 16) DONNACHL
(0 ' 147) AYED
(Oo20 ) DAVI ES
(Oo 18) ALMEHED{.14) AY ED

~ 1 40 008 CUTKGSKY
F 15 ~ 02 CUTKOSKY
~ 15 ~ 02 HQEHLER

~ o ~ o ~ ~ ~ ~

0 ~ 1424 0 0070 AVERAGE (ERROR INCLUDES SCALE FACTOR 0
0 ~ 1424 0 ~ 0076 AVERAGE USING STUDENT10(H/1 11) —SEE

Rl N¹3/2 (
Rl 3
Rl 6
RL 4
Rl 7
Rl
RL
RL C
Rl
Rl
RL AVG
Rl STUDENT
GV

R2
RZ 1
R2 1
R2 1

N¹3/2( 1890) INTO (K SIGMA) /TOTAL (P3)
(Oo008 }OR LES S FE UERBACH 70 RVUE P I P TO K+

ASSUHE MASS 3 WL DTH3 X {ELAST ) CF DONNACHI E 68
MODEL U SED MAY DOUBLE COUNTo

8/69
1/71
8/69
2/72

11 /77
1)./77
LZ/79¹
12/79¹

F 1 ~ 0)
MA I N TEXT

SIG+ 7/70

30 N¹3/2( L900y JP~L/2-) 1~3/2

THIS EFFECT IS SEEN IN TWO CHANNELSo

IPWA P I N-K SIG3SOL
IPWA PI N-K SIG3SQL
TQ K+ S I G MA+ DA TA OF

IPWA
IP WA

IPWA
P I N TQ PI N

P I N TQ PI N

30 N¹3/2( 1900 ) MASS ( ME V)

M 2 (1920~ ) LANG BEIN 73
M 2 (1870 ) LANG BE IN 73
M 2 DEANS75 AND I ANGBEIN73 DISAGREE WITH PI+ P
M 2 WINNIK77 AROUND 1920 MEV ~

M (2001 ) AYED 76
M 1850 ~ 35 ~ CUTKQSKY 79
M 1 908 ~ 30 ~ . HOEHI E R 79
H ~ ~ ~ o ~ ~ ~ ~ s
H AVERAGE MEANINGLESS (SCALE FACTOR = 1 3)

9/73

9/73

1 9/73
2 9/73

1/78
1/78

11/77
12/79¹
]2/79¹

R3
R3

N¹3/2{ 1890) INTO ( SIGHA K) ¹(PI N) /TGTAL¹¹2 (P3¹PL)
( ~ 0016 }OR LESS KALMUS 70 DPWA PI+P TO K+ SI G+ 1/71

R5
R5 5
R5 5
R5 2
R5 2

N¹3/2 (1890) FROM PI N TG K SIGMA SQRT(PL¹P3)
( ~ 06) LANGBEIN 73 I PWA PI N-K SIG3SGL 1
( 06) LANGBEIN 73 IPWA P I N-K SIGtSOL 2
( ~ 021) TO ~ 054 DEANS 75 DPWA P I N TO K SIGMA

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS

R6
R6 L
R6 H

R6 M

R6 N

R6 N

N¹3/2( 1890) FRQH PI N TQ N¹3/2( ]232) PI 3 F-WA VE(- ~ 12 )OR —~ 20 LONGACRE 75 I P WA(- 17} NQYGSELLE 78 IPWA
BW FIT TO LONGACRE 75 IPWA ~{-06) NOVQSELL E 78 IP WA

BW F IT TG NQVOSEI LER 78 I PWAo

SQRT (Pl¹P9)
P I N TO 2PI N

PI N TO 2PI N

P I N TO 2PI N

R4 N¹3/2( 1890) FROM PI N TO N¹3/2( 1232) PI SQRT {Pl¹P4)
R4 1 .19 TO 23 MEHTANI 72 DPWA P I+P TO PI+PI OP
R4 1 MOSTLY F WAVE DECAY

9/73
9/73

9/73
9/73
9/73

ll/75
ll/75
11/75
11/75
3/79¹
3/79¹
3/79¹
3/79¹

30 N¹3/2( 1900 ) WIDTH (HEV )

73
73
76
79
79

W 2
W 2
W

W

W

W

A

{140o } LANG BEIN
(160 ) LANG BE IN
( 307 ~ ) AYED
130. 40 CUTKOSKY
140o 40. HGEHLER

o ~ O s ~ ~ o ~ ~

VERAGE MEANINGLESS (SCALE FACTOR ~ 1 ~ 0)
SEE THE NOTES ACCOHPANYING HASSES QUOTED

IPWA
IP WA

I P WA

I P WA

IPWA

P I N-K SI G SQL
P I N-K S I G 3 SOL

PI N TO PI N

PI N TO PI N

REE (1844 ~ )

30 N¹3/2( 1900 ) REAL PART OF POLE POSITION (MEV)

CUTKOSKY 79 I P WA P I N TO PI N

9/73

1 9/73
2 9/73

11/77
]2/79¹
12/79¹

12/79¹
R7
R7 L
R7 M

R7 9
R7 9

N¹3/2 ( 1890) FROH PI N TG(- 28 )OR —~ 33
(- ~ 26 )(- ~ 11)TO —~ 33

BW F IT TO NOVOSELL ER 78

RHG3S=3/23 P-WAVE SQRT (Pl¹PLO)
LONGACRE 75 IPWA P I N TO 2PI N

NOYQSELL E 78 IP WA P I N TQ 2P I N

NQVQSELLE 78 IPWA PI N TO 2PI. N
IPWA3 PHASE IS NEAR 90 DEGREES

11/75
11/75
3/79¹
3/79¹

]2/79¹ IME {142. )

30 N¹3/2 ( 1900) -2¹l HAG PART OF PCLE POS IT ION (M EV )

CUTKOSKY 79 IPWA P I N TQ PI N 12/79¹

11 N¹3/2( 1890) PHOTON DECAY A MPL {GEV¹¹-1/2)
FOR DEF INI TION OF GAMMA-NUCLEON DECAY AMPL ITUDES3 S EE MINI-

REVIEW PRECEDING THE BARYON LI STINGS RER (7o)

30 N¹3/2( 1900) REAL PART OF ELASTIC POLE RESIDUE (MEV)

CUTKOSKY 79 IPWA PI N TQ PI N 12/79¹

Al
Al
Al
A]
Al
Al
AL
Al
Al
Al
AL
Al

N¹3/2( 1890) INTO GAH NUCLEON3 HEI IC I TY=L/2
~ 019 027 DEVENIS2 74.042 o 016 KNI E S . 74

+.047 .067 METCALF 74
—~ 003 o 009 CRAWFORD 75(+.035) BARBOUR 76
-o 001 .012 AZNAURYAN 77
+ ~ 063 ~ 018 AZ NA URYAN 77

8 + ~ 033 ~ 018 BARBOUR 78
8 SUPERSEDE S BARBOUR 76 ~

~ ~ ~ ~ ~ ~ o ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR 2* 1 8)

(GE V¹¹-1/2 )
DP WA P I N PHOTO-PROD
DPWA P I N PHOTO PROD
DPWA PI N PHOTO-PROD
DPWA P I N PHOTO-PROD
DP WA P I N PHOTO-PROD
DP WA P I 0 PHTPRD 3 SOL 1
DPWA P IO PHT PRD3SOL 2
DP WA PI-N PHOTO-PROD

4 /75
2/74
2/74
1/76
1/76

]2/79¹
12/79¹

3 /79¹
3/79¹

LMR

Pl
P2

30 N¹3/2( 1900) PARTI AL DECAY HODES

N¹3/2 (1900) INTO PI N

N¹3/2( 1900} INTO K SIGMA

DEC AY MASS ES
139+ 938
493+1189

30 N¹3/2(1900) IMAG PART OF ELASTIC POL E RESIDUE (MEV)

CUTKOSKY 79 IP WA P I N TO P I N I2/79¹

9/73

N)I 3/2A2
A2
A2
A2
A2
A2
A2
A2
A2 8
A2
A2. AV ERAC E

(1890) INTO
078
022
028

—~ 021
( —~ 013)

094
—.101
—~ 055

~ o ~ ~ \ o

MEANINGLESS

GAM NUCLEON3 HEL IC ITY& 8/2
~ 020 DEVENISZ 74
020 KNI E S 74

~ 066 METCALF 74
~ 036 CRA WFORD 75

BA R8 OUR 76
027 AZNAURYAN 77

~ 018 AZNAURYAN 77
~ 019 BARBOUR 78

~ ~

(SCAL E FACTOR = 2 9)

(GE V¹¹- I/2 )
DPWA P I N PHOTO-PROD '

DP WA P I N PHOTO PROD
DP WA P I N PHOTO-PROD
DP WA P I N PHOTO-PROD
DPWA P I N PHOTO-PROD
DPWA . P IO PHTPRD3 SOL 1
DP WA PIO PHTPRD3SQL 2
DP WA P I-N PHOTO-PROD

DCNNACH1 68 P L 268 161
ALSO 68 Y IENNA 139
ALSO 68 THESIS

REFERENCES FGR N¹3/2(1890)

A DQNNACHIE 3 R G KIRSQPP3 C LGVELACE (CERN) IJP
DGNNACHIE RAPPORTEUR' S TALK (GLAS )
R G K I RSOP P ( EDIN)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

4/75
2/74
2/74
1/76
1/76

12/79¹
lZ/79¹

3/ 79¹

R2
R2
R2
R2
R2
R2

N¹3/2 (1900) INTO PI N/TOTAL
( ~ 08).08 03

08 ~ 04

(Pl)
AYED 76 I P WA

CUTKGSKY 79 IPWA P I N TO PI N
HOEHLER 79 IPWA PI N TQ Pl N

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = lo0)

30 N¹3/2( 1900) BRANCHING RATIOS

Rl N¹3/2 ( 1900 } FROH P I N 'TO K SIGMA SQRT(PL¹P2)
Rl 2 ( ~ 11) LANGBEIN 73 IP WA P I N-K SIG3 SQL 1
Rl 2 ( 12) LANGBEIN 73 I PWA PI N-K SIG3SOL 2
Rl 1 ( 076) DEANS 75 DPWA PI N TO K SIGMA
Rl 1 VALUE GI VEN I S FROM. SOLUTI QN 1 3 NGT PRESENT IN SOLUT IONS 23 334

9/73

9/73
9/73
9/73

11/75
11/75

ll /77
L2/79¹
12/79*

AY ED 70 K IEY CGNF
DA VI E S 70 NP 821 359
FEUERBAC 70 NP 168 85
KA LMUS 70 P R 02 1824

ALMEHEQ
HE HTANI
LANGBEIN
DEVENIS2
KNI E S
METC ALF

72 NP B40 157
72 PRLi 29 1634
73 NP 853 251
74 PL 528 227
74 PRO 9 2680
74 NP B76 253

CRAWFORD 75 NP 897 LZ5
DEANS 75 NP 896 90
LGNGACRE 75 PL 558 415

ALSO 78 P RD 17 1795

AY ED 76 C EA- N- 192 1
BA I'BQUR 76 NP 8111 358
CUTKQSKY 76 PRL 37 645

ALSO 76 OXFORD CONF' 49
AZNAURYA 77 EFI-264(57)-77

R AYED 3P BAR EYRE 3 G VI L LET ( SACL) I JP
A DA Vl ES (GLAS )
FEUERBACHER+HOLLADAY {VANDERB ILT)
G KALMUS 3 G BORR EANI 3 J LOU IE, ( LRL)

+LOVEL AC E
+FUNG2 KERNAN3 SCHALK3 +
LA NGBE I N 3 WAG NE R
DEVENISH3 LYTH2 RANKIN
KNIES tHGORHGUSE3 OBERLACK
W J METCALF 3R L WALKER

{LUND 3RUTG) I JP
(UCR +LBL)

( MUNICH) I J P
(DESY3 LANC38GNN) I JP

{LBL 2 GLAS }I JP
{CIT) I JP

R L CR A WFQRD (GLAS ) IJP
+HIT CHELL3 HONTGOMERY 3+ ( SFLAgALABAHA) I JP
+ROS ENF ELD, LAS I NSKI, SMADJ A+ (LBL ~ SLAC ) I JP
LQNGACRE3LASINSKI 3ROSENFELD+ (LBL3SLAC)

AYED ( THESI S) (SACL) IJP
I ~ M ~ BARBOUR 3R o L CRA WFORD (GLAS) I JP
CUTKQS KY 3 HENDRI CK3 KELLY (CARN+LBL ) I JP
CUTKOSKY3HENDR ICK3CHAQ+ (CARN+LBL+BRI S) I JP
+AKQPOV BAGDASARYAN (Y EREVAN PHYSICS INST ~ ) I JP

LANGBEI N 73 NP 853 251
DEAN S 75 NP 896 90
AYED 76 CEA-N-1921

REFERENCES FGR N¹3/2 (1900)
LANG BEING W AGNER
+MITCHELL3HGNTGOMERY 3+
AYED ( THES IS }

{MUNlCH ) I JP
(SF LA3 ALABAMA) I JP

(SACL) I JP

WI NNI K 77 NP 8128 66

PAPERS NOT REF ERRED TO IN DATA CARDS

+TOAFF~REVELt GOLDBERG' BERNY {HAIF) I

~}C
Q( 1 910) 12 No 3/211910, Jo=l/2+) 1=3/2 ~ 31

THE EXISTENCE OF THIS RESONANCE IS WEI L ESTABLI SHED ~

CUTKOSKY 79 PRO 20 2839 +FORSYTH, HENDRICK, KELLY ( CAR N+LBL ) I JP
HOEHLER 79 HANDBOOK OF PI-N SCATT ERING PHYSIK DATEN VOL 12-1

+KAI SERg KOCH3PIETARINEN /KARLSRUHE IJP

BA FBQUR 78 NP 8141 253
NGYOSELL 78 NP 8137 509

ALSO 78 NP 8137 445

BARBOUR 3CRAWFORD3 PARSON S
Do ED NGVQSELLER
D ~ E NOYOSEI. LER

( GLAS)
(CAL TECH) IJP
( CAL TECH) I JP 12 N¹3/2(1910) MASS (MEV)

AYED 70 Pt. 31B 598
WI NNIK 77 NP 8 128 66

+BAR EY RE+V ILL ET
+TOAFF REVEL GOLDBERG BERNY

( SAC LAY)
(HAIF)I

CUTKGSKY 79 PRD 20 2839 +FOR SY TH 3HENDRI C K3 KE LLY ( CARN+I BL ) I JP
HOEHLER 79 HANDBQCK OF PI-N SCATT ER ING3 PHYS IK OATEN VOL ~ 12-1

+KAI SERg KOCH 3PI ETARI NEN /KARLSRUHE I JP

PAPERS NOT REFERRED TO IN DATA CARDS

M 3
M 6
H 6
M 4
H 7
M 9
M 9
H 9
M 9

(1934~ 0} DGNNACH1 68
( 1783~ 0) AYED 70

FROM ENER ~ DEP ~ FIT OF ARGAND DIAGRAM
( 1914o 0) DA VI ES 70
( 1900 ~ } AL HE HE 0 72
{1980' ) LANGBEIN 73
( 1950~ ) LANGBE IN 73

DEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P
WINNIK77 AROUND 1920 MEY ~

RVUE
I PWA

RVUE
IP WA

IPWA
I PWA
TO K+

P HASE-SHIF T ANAL

P-S ANAL SOL A

P I N-K SIG 3SQL 1
P I N-K S IG 3SOL 2

SIGMA+ DA TA OF

8/69
1/71

8/69
2/72
9/73
9/73
1 /78
1/78
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Baryons
~(~9io), ~(~95o)

Data Card Listings
For notation, see k,ey at front of Listings.

M

M

M 8
M 8
M 8
M 5
M C
M C
M

M

M AV

3
W 6
W 4
W 7
W 9
W 9
W

W

W 8
W 5

C

W

AV

12 N&3/2{ 1910) WIDTH (MEV)

( 339.0)
(308 0)
{290. )
( 200. )
(190 )

( 1708 l
(221, )

380.
( 170. )
( 230 ~ )
300 ~

280

130

100 ~

508

DGNNACH1
AYED
DAVI ES
A LMEHE0
LANGBEIN
LANGBE IN
AYED
CUTKOS KY
LONG AC RE
BARBOUR

' CUTKOSKY
HOEHLER

68
70
70
72
73
73
76
76
77
78
79
79

RVUE
I PWA
RVUE
I PWA
IP WA

IPWA
IPWA
I PWA
I PWA
DP WA

I P WA

I PWA

SOL A

P I N-K SIG2 SQL 1
PI N-K SIGPSOL 2

PI N TO 2PI N

P I-N PHOTO-PRQD
PI N TO PI N

PI N TQ PI N

~ ~ ~ ~ ~ ~ ~ 4 ~

ERAGE MEANINGLESS (SCALE FACTOR = 1 0)
SEE NOT ES ACCOMPANY ING MASS ES QUOT ED

f }.789 ~ ) AYED 76 I P WA

1 940 30 ' CUTKOSKY 76 IPWA
f 1790. ) LONGACRE 77 IPWA PI N TQ 2 PI N

ALL LCNGACRE77 P ARAMET ERS ARE FROM SOLUTION SZP EXCEPT FOR THE POLE
POSI TION WHICH I S FROM SOLUTIONS S 1 AND Cl

(1899 ~ ) BARBOUR 78 DP WA P I-N PHOTO-PROD
19ZO ~ 50 ~ CUTKOSKY 79 I PWA PI N TQ PI N

SUPER SEDES CUTKQSKY 76
1 888 20 ~ HOEHLER 79 IP WA P I N TO PI N

~ 8 ~ ~ 8 ~ ~ ~ 0

ERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0}

11/77
11/77
11/77
11 /77
11/77
3/79~

12/79+
12/79+
12 /79+

8/b9
1/71
8/69
2/72
9/73
9/73

11/77
11/77
11/77

3/7M
12/79+
12 /79+

12 N&3/2( 1910) PHOTON DECAY AMPL(GE V++- j/2}
FQR DEFINI TIQN OF GAMMA-NUCLEON DECAY AMPLI TUDES SEE MIiNI-

REVIEW PRECEDING THE BARYON LISTINGS ~

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

GAM NU
8 025.0 12
~ 065
~ 013

013
~ 012
~ 021
UR 76~

CL EON 2 HEL IC ITY~ j/2 (
DEVE NIS2 74
KNI E S 74
METCAL F 74
CRA WFORD 75
BARBOUR 76
AZ NAURY AN 77
AZNAURYAN 77
BA R BOOR 78

GEV++-
DPWA
DPWA
DPWA
DP WA

DP WA

DPWA
DP WA

DPWA

N+3/2 ( 1910) INTO
~ 000.010

—~ 032
—~ 009(- ~ 031)
+ 040
+.039

5 035
5 SUPERSEDES BARBO

1/2 )
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P IO PHT PRD3SOL 1
P I 0 PHTPRD gSOL 2
P I-N PHOTO-PROD

~ ~ I ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLE SS {SCALE FACTOR = 18 9)

REFERENCES FOR N+3/2 ( 19 10 ]

OQiNNACH1 68 PL 268 161
ALSO 68 V IENNA 139
ALSO 68 THES IS

A DQNNACHIEg R G KIRSOPP3 C LOVELACE (CERN) I JP
DONNACHI E RAPPORTEUR'S TALK (GLAS )
R G K IRSOPP (EDIN)

R AYED PP BAREYRE 8 G VILLET
A DAVIES
F EUERBACHE R+HQLLADAY

AY ED 70 K IEV COiNF
DA VI ES 70 NP 821 359
FEUERBAC 70 NP 168 85

ALMEHED 72 NP 840 157
LANGBEIN- 73 NP 853 251

(SACL)IJP
{GLAS)

(VANDERB ILT }

(LUNDPRUTG) I JP
(MUNICH) I JP

+LQVELACE
LANGBE INP WAGNER

4/75
2/74
2/74
1/76
1/?6

12/794
I 2/792}2

3/79+
3/79+

12 @+3/2( 1910} REAL PAR T OF POLE POS I TI CN ( MEV)
DEVENIS2 74 PL 52B 227
KNIES 74 PRD 9 2680
ME TC ALF 74 NP B76 2 53

DEVENI SH3t YTHPRANKIN
KNIES PMODRHOUSEy OB ERLACK
W J METCALFPR L WALKER

(DESYP LANC3 BCNN) I JP
( LBL ~ GLA 5) I JP

(CIT) IJP
REE
REE 8
REE C

1 863. 15.
1792 OR 1801 ~

( 1871~ )

CUT KQSKY 76 I PW A

LONGACRE 77 I PWA

CUTKOSKY 79 IPWA
PI N TQ 2PI N

PI N TQ PI N

1 l. /77
11/77
12/794

CRAWFORD 75 NP 897 125
DEANS 75 NP 896 90

R L CRAW FORD
+MI TCHE LL MQNTGQME RY +

{GLAS)IJP
(SFLA3ALABAMA) I JP

12 N+3/2( 1910) —2+IMAG PART OF POLE POSITION (MEV)

AYED 76 CEA-N- 1921
BARBOUR 76 NP Bj1 1 358
CUTKOSKY 76 PRL 37 645

ALSO 7e OXFORD CONF. 49

AYED ( THES IS ) (SACL ) I JPI. M. BARBQUR3R. L CRAWFORD (GLAS ) I JP
CUTKOSKYt HENDRICK3 KELLY ( CARN+LBL) I JP
CUTKOSKY HENDRICK CHAD+ (CARN+LBL+BRIS }I JP

IME
I ME 8
IME C

250 34 '
172 ~ OR 165.

( 200. )

cUTKosKY 7e I pwA
LONGACRE 77 IPWA P I N TO 2P I N

CUTKOSKY 79 IPWA PI N TO PI N

11/77
11/77
12/794

AZ iNAURYA 77 EF I-264 ( 57}-77
LONGACRE 77 NP B 122 493

ALSO 76 NP B108 365

+AKOPOVPBAGDASARYAN (YEREVAN PHYSICS INST ~ ) IJP
LONGACREPDGLBEAU ( SACL) I JP
DOLBEAUy TRIANTI S3 NEVEUy CADIET ( SACL) I JP

RER
RER C

IMR
IMR C

(- 6)

-27
{—18 ' )

12 N+3/2( 1910) REAL PART OF ELASTIC POLE RESIDUE {MEV)

5. CUTKQ SKY 76 I P WA

CUTKQSKY 79 IP WA P I N TO PI N

CUTKOSKY 76 I P WA

CUTKOSKY 79 IP WA P I N TQ PI . N

12 N+3/2{ 1910} IMAG PART OF ELASTIC POLE RESIDUE (MEV)

11/77
12/79+

11/77
I 2/794'

BARBOUR 78 NP 8141 253 BARBOUR rCRAWFORDPPAR SONS (GLAS)
NOVO SE LL 78 NP 813 7 509 D ~ E ~ NOVOSELL ER (CAL TECH) IJP

ALSO 78 NP 8 137 445 D ~ E . NOVOSE LLER (CAL T ECHl I JP
CUT KQSKY 79 P RD 20 Z839

+FORSYTHIA

HENDR ICKY KE( {Y ( CAR N+ LBL) I JP
HDEHLER 79 HANDBOOK OF PI-N SCATTER INGP PHYSI K OATEN VOL 12-1

+KAISERPKOCHPP IETARI NEN /KARLSRUHE I JP

PAPERS NOT REFERRED TO IN DATA CARDS

CARYANN 65 PR 138 8433 CARAYANNOPQULQSP TAUTF EST PWILLMANN ( PURD )
A P ART IAL WAV E ANALYSI S OF P. I+P TO SIGMA+ K+

AYED 70 PL 31B 598 +BAREYRiE+VILLET (SACLAY)
WINNIK 77 NP B128 66 +TOAFF PRE VEL8GOLDB ERG 2 8 ERNY ( HA IF) I

12 8+3/2 ( 19I 0 } PARTI AL DEC AY MOD ES

Pl
P2
P3
p4
P5
P6

N43/2 {1910)
N+3/2( 1910)
N&3/2(1910)
N&3/2(1910)
N&3/2{1910)
N I3/2 {1910 )

INTO PI N

I NTO N PI PI
INTO K SIGMA
I NTC N&3/2 (1232 ) PI
INTO GAM NUCLEON3 HELICITY=l/2
INTO N RHOP S= 3/2

DECAY MASSES
139+ 938
938+ 139+ 1 39
493+1189

123 2+ }.39
0+ 938

93 8+ 776

Q( ] 950) 83 N83/ 2( 1550, JP=7/2+) 1=3/2 F37
THE EXISTENCE OF THI S RESONANCE I 5 WELL ESTABLI SHEDP

83 N43/2( 1950 l MASS (MEV )

12 N&3/2f 1910} BRANCHING RATIOS

N&3/2 ( 1910) I NTO
(0.30)
(0 128)
{0 18)
(0 33)

( ~ 16)
~ 225
19

~ 24

Rj
Rl 3
Rl 6
Rl 4
Rl 7
Rl
Rl
Rl C
Rl
Rl ~ ~ ~ ~ ~ 0

Rl AVERAGE MEANINGLESS

( P I N) /TOTAL
DONNACH1
AY ED
DA VI ES
ALMEHED
AYED
CUTKOSKY
CUTKOSKY
HOEHLER

~ 025.04
~ 06

~ ~

{SCALE FACTOR-= 1 0)

68 RV UE
70 IP WA

70 RVUE
72 I PWA

76 I PWA
76 IP WA

79 IPWA
79 IPWA

(Pl)

SOL A

P I N TO PI N

PI N TO PI 'N

R3
R3 9
R3 9
R3 2
R3 2

N&3/2(1910) FROM PI N TO K SIGMA S QRT (P 12}'P3 )
( ~ 11) LANGBEIN 73 I PWA PI N—K SI G 3SOL 1
( ~ 15) LANGBEIN 73 IPWA P I N-K SIGPSOL 2
f ~ 082) TO 184 DEANS 75 DPWA PI N TO K SIGMA

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS '

R4 4+3/2 ( 1910) FROM P I N TQ 8+3/ 2( 1232) P I SQRT(PI+P4)
R4 8 (- 06) LONGACRE 77 IPWA PI N TO 2P I N

R2 N&3/2{ 1910} I NTG (K SIGMA)/TOTAL (P3}
R2 1 (0 008)OR LESS FEUERBACH 70 RVUE PI P TO K+ SI G+
R2 1 ASSUME MASS 5 W I DT Ht X {ELAST ) OF DONNACHI E 68
R2 1 MODEL U SED MAY DOUBLE COUNT

8/69
1/71
8/69
2 /72

11/77
11/77
12/7M
12/79+

7/70

9/73
9/73
9/73

11/75
11/75

lj/77
11/77

M

M

M 1
M 3
M 6
M 6
M

M

M

M 7
M 2
M K

M K

M

M

M 8
M C
M C
M L
M H

M LH
M LH
M LH
M

M AV

(1920 ~ 0) DUKE 65 CNTR PI —P EL + POL
(1950 0) APPROX YOKOSAWA 66 CNTR P I- P DS IG + POL
(1975 0 l BAREYRE 68 RVUE PHASE-SHIFT ANAL

WHERE CROSS SECTION IS GREATEST — EYEBALL FIT
( 1946.0) DONNACHl 68 RVUE PHASE-SHIFT ANAL
(1931 0} A YED 70 I P WA

FROM ENER8 DEPP FIT OF ARGAND DIAGRAM
(1935.0) DAVIES 70 RVUE P-S ANAL SOL A

(1950.0) (30 0 ) KALMUS 70 DPWA P I+P T{) K+ SIG+
f. 1930. ) ROYCHOUD 71 DPWA
(1925 ) ALMEHED 72 I P WA

19ZO TO 1951 ME HTAN I 72 MP WA P I+P TO P I+P I OP
1930. OR 1925~ LONGACRE 75 IPWA PI N TQ 2PI N

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75 ~

{1928 } AY ED 76 I PWA

1945 ~ 7 ~ CUTKOSKY 76 I P W'A

(1912.) BARBOUR 78 DP WA P I-N PHOTO-PROD
1 9508 20 ~ CUTKQSKY 79 IPWA PI N TO PI N

SUPERSEDES CUTKQSKY 76 ~

1913~ 8. HOEHLER 79 IPWA PI N TO PI N

2425 P 60 ~ HOEHLER 79 I P WA P I N TO PI N

HOEHLER79 FINDS A HIGHER MASS F37 RESONANCES AS WELL AS ONE IN THI S
MASS REGION BOTH ARE LISTED HERE 2 AND LABLED L AND H FOR LOW AND
HIGHS AWAITING CONFIRMAT ION QF THE HIGHER MASS STATE ~

~ ~ ~ ~ 8 ~ 0 ~ ~

ERAGE MEANINGLESS (SCALE FACTOR = 2 3}

83 N+ 3/2( 1950) WI DTH {MEV)

6/68
7/66

jl/67
6/68
1/71

8/69
1/71
3/72
2/72
9/73

ll/75
11/75
11/77
11/77

3/7M
12/794
12 /79)I'
I 2/794
I 2/794'
12/7M
12/794
12/794'

R5 N+3/2 (1910) FROM PI N TQ N RHQPS~3/2 sQRT(p j&pe)
R5 8 {— 29) LONGACRE 77 I PWA P I N TO 2PI N

R5 N 17) NOVOSELLE 78 IPWA PI N TQ 2PI
R5 N EVIDENCE FOR THIS COUPLING IS WEAK SEE NOVOS ELLER 78 THIS
R5 N COUPL ING ASSUMES THE MASS IS NEAR 1820 MEV

11/77
11/77

3 /79*
12/794
12/79+

W (
W (
W 1 (
W 3 (
W 6
W 4
W

W 7 (
W 2 2
W K
'W (

W 8
C
L
H

AVERAGE
SEE T

170.0)
200 0} APPROX
180' 0)
221 ~ 0)
197 0}
221P 0)
300 0) (60 0)
200 )
34 TO 269
235 OR 240
237P )
305 ' 40 '
198 )
340 60 '
2248 10 '
3 008 80 '

0 ~ ~ 0 ~ ~ ~

MEANINGLESS (SCALE FACTOR
HE NOT E S ACCOMP ANY I NG THE

DUKE 65 CNTR
YQKQ SA WA 66 CN TR
BAREYRE 68 RVUE
DONNAC Hj 68 RVUE
AYED 70 IP WA

DAVI ES 70 RVUE
KALMUS 70 DP'WA

ALMEHED 72 IP WA

ME HTANI 72 MP WA

LONGACRE 75 I PWA

AYED 76 I PWA
CUTKOSKY 76 I P WA

BAR BOU R 78 DPWA
CUTKOSKY 79 I P WA

HQEHLER 79 IPWA
HOEHLER 79 I PWA

2 0)
MA SSES QUOTE D

SQL A

P I+P TO K+ S IG+

PI+P TO PI+PIOP
PIN TD ZPI N

P I-N PHOTO-PROD
PI N TO PI N

PI N TO PI N

PI N TO PI N

7/66
7/ee

11/67
6/6 8
1/71
8/69
1/71
2/72
9/73

11/75
11/77
11 /77
3/79+

12/79~
12/79%
IZ/79+
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Data Card Listings
For notation, see key at front of Listings.

Baryons
h(195Q)

REE
REE
REE
REE

IME
IME
IHE
IME

(1924~ l
{1515 )

1 895 ~

C (1892 ~ l

( 258» )
(220 ~ )

260»
(248 )

83 N4'3/2( 1950 ) REAL PART OF POLE POSITION t ME V)

LQNGACRE
VA SA N2
CUTKGSKY
CUTKQSKY

75 I P WA

76
76 I PWA
79 IP WA

PI N TO 2PI N

F IT AY ED 76

Pl N TQ PI N

24»

LQNGACRE
VA SAN2
CUTKGSKY
CUTKOSKY

75 I P WA

76
76 I PHA
79 I PWA

PI N TG 2P I I4

F IT AYED 76

PI N TO PI N

83 N+3/2( 1950) -2+1 HAG PART OF POLE POSITION (HEV)

11/75

11/75
ll/7T
ll/77
EZ/79+

11/75

11/75
ll/77
11/77
12/794

A2 8+3/2{ 1950) INTO GAH NUCLEGN» HELICITY=3/2
A2 - ~ 080 ~ 021 DEVENIS2 74
A2 -~ 078 «010 KNI ES 74
A2 —~ 093 ~ 024 ME TCA LF 74
A2 (-» 180) HOQRHGUS 74
A2 - ~ 038 ~ 014 CRAWFORD 75
A2 (- ~ 065) BA RBOUR 76
A2 160 ~ 016 AZNAURY AN 77
A2 169 ~ 015 AZNAURYAN 77
A2 8 - ~ 075 ~ 0 20 BARBOUR 78
A2 » ~ ~ » ~ ~ ~ ~ ~

A2 AVERAGE MEANINGLESS (SCALE FACTOR = 3 2)

( G E V«I'«I'- I/
DP WA

DPHA
DPWA
DP WA

DPHA
DP WA

DPWA
DPWA
DP HA

2)
P I N PHOTO-P RQD
P I N PHOTO PROD
PI N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PH QTQ PROD
P IO PHTPRD»SQL 1
P IO PHTPRD»SOL 2
P I-N PHOTO-PROD

4/75
2/74
2/74
2/74
1/76
1 /76

12/794
12/794

3/ 79»

83 N+3/2{1950) REAL PART OF ELASTIC PQLE RESIDUE {MEV) .

DUKE 65 PRL 1 5 468
YQKOSA WA 66 PRL 16 714

REFEREI4CES FOR N«I'3/2 {1950)

+JONES» KEMP» MURPHY» PRENTICE» + {RHE I » CXF ) I JI
+SUl4A» HI I.L» ESTERLI NG» SOOTH (ANL» C I;IC ) IJP

RER
RER

50 ~

(43» )
6 ~ CUTKOSKY

GUTKQSKY
76 I P WA

79 I PWA PI N TQ PI N

11/77
12/794

BAREYRE 68 PR 165 1T31
8ORREANI 68 UCRL 18350
DCNNACHl 68 PL 268 161

ALSO 68 VIENNA 139
ALSO 68 THCS IS

P BAREYRE, C BRICMAN, G VILLET (SACLAY)IJP
BQRREANI » KALMUS {LRL)

A DQNNACHI E» R G KIRSOPP» C LQVELACE f CERN) I JP
DQNNAGHIE RAPPORTEUR'S TALK (GI AS )
R G KIRSQPP {EDIN)

83 N4'3/2{ 1950) IHAG PART OF CLASTIC POLE RESIDUE (HEV)

IMR
INR

-25 ~

(-24 )
9 CUTKQSKY

CUTKGSKY
76 I P WA

79 IPWA P I N TQ PI N

11 /77
12/TM

AYCD 70 KIEV CONF
DA VIE 5 70 NP 821 359
FEUERBAC 70 NP 168 85
KA LHUS 70 PR D2 1824

ROYC HGUD 71 NP 827 I 2 5

R AYED» P BAREYRE» G V IL LET (SACL)IJP
A DA VI ES ( GLAS)
FEUERBACHER+HGLLADAY {VAND ERB ILT )
G KALNUS» G BQRREANI » J LOUIE ( LRL)

R K RQYCHQUDHURV» 8 H BRANSDEN ( DURH) I JP

Pl
P2
P3
P4
P5
P6
P7
PS
P9
P10
Pll
P12
P13

M'3/2(1950}
N&3/2( 1950)
N+3/2 t 1950 I
N&3/2(1950)
N+3/2 ( 1950 l
N&3/2(1950)
N~3/2(1950)
N&3/2(1950)
N&3/2( 1'950)
N&3/2 t 1950 )
N+3/2 ( 1950)
N&3/2( 1950)
N43/2 ( 1950}

83 N«I'3/2( 1950) PARTIAL DECAY MODES

INTO PI N

INTO SIGMA K
INTO N4«3/ 2( 1232 ) P I
I NTQ Y+1 (1385) K
INTO N+3/2{ 1232) RHQ
I NTG NEUTRON PI+ P I+
INTO I+3/2( 1232) PI P I ( NQT RHG)
INTO GAM NUCLEON» HEL ICITY= 1/2
INTO GAM NUCI EQN» HELICITY=3/2
INTO N RHQ
INTO N&3/2(1232 l PI» F-WAVE
INTO N«I'3(2( 1232) PI »H-WAVE
I NTQ N RHQ» 5~3/2» F-HAVE

83 N+3/2( 1950) BRANCHII4G RATIOS

DECAY MASSES
139+ 938

1189+ 493
1232+ 139
1384+ 493
1232+ 776
939+ 139+ 139

1232+ 139+ 1 39
0+ 938
0+ 938

93 8+ 776
1232+ 139
1232+ 139
93 8+ 776

AL HEHED 72 NP 840 157
HE HTANI 72 PRL 29 1634
LANGBE IN 73 NP 853 251

DEVENIS2 74 PL 528 227
KNIES 74 PRD 9 2680
NE TGALF 74 NP 876 253
MQQRHQUS 74 PRO 9

CRAWFORD 75 NP 897 125
OE ANS 75 NP 896 90
LGNGACRE 75 PL 55B 415

ALSO 78 PRD 17 1795

AYED 76 C EA- N- 1921
BA I)SOUR 76 NP 8 1 I 1 358
CUTKQSKY 76 PRL 37 645

ALSO 76 OXFORD CONF «49
VA SAN2 76 NP 8106 526

+LQVELAG E
+FUNG» KERNAN» SCHALK» +
LANGBE IN»WAGNER

( LUND» RUTG ) I JP
{UCR +LBL }

( MUNICH) I J P

DE VENI SH» LYTH» RANK IN (DESY»LANC ~ BONN) IJP
KNIE S» HOORHGUSE» 08 ERLAC K ( LBL»GLAS) I JP
W J NETCALF» R L WALK E R (CIT ) IJP
HGQRHQUSE» QBERLACK»RQSENFELD (GLAS+LBL ) IJP

R L CRAWFQRD {GLAS ) I JP
+MITCHELL» MONTGOMERY»+ ( SF LA» ALABAMA }I JP
+ROS ENF ELD» LAS INSK I» SMADJ A+ {LBL»SLAG ) I JP
LONGAGRE»LASINSKI»RGSENFELD+ (LBL»SLAC I

AYED (THESIS) (SACL ) IJPI' N ~ BARBOUR»RE LE CRAWFORD (GLAS) I JP
CUTKQSKY» HENDR IGK» KELLY ( CARN+LBL } IJP
CUTKOSKY»HENDRICK»CHAG+ (GARN+LBL+BRIS) I JP
S ~ S ~ VASAN ( GARN) I JP

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

RZ
R2
RZ
R2
R2
R2

R3
Rj
R3

N&3/2 ( 1950) I NTG (PI Nl /TOTAL
(0 ~ 41 )
{0 4) APPROX

1 (0.57 l
3 (0 ~ 386)
6 {0 ~ 496)
4 (0 ~ 51 l
7 (0«4)

( 41)
~ 396 ~ 010

G 40 ~ 02
L ~ 38 ~ 02
H ~ 07 ~ 04

« ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE NEANINGLE SS ( SCALE FACTOR
5 EE T }tE NOTES ACCOMPANYING THE

DUKE
YOKGSA WA

BAREYRE
DGNNACH1
AYED
DAY I ES
ALMEHED
AYED
CUTKGSKY
CUTKOSKY
HOEHL ER
HOCHLER

65 CNTR
ee CNTR
68 R VUE,
68 RVUE
70 I PWA
70 RVUE
72 I P WA

76 IP WA

76 I PWA
79 I P HA

79 IP WA

79 I P WA

4 ~ 6)
MASSES QUOTED ~

{Pl )
VERY ENERGY DEP

SOL A

P I N TG PI N

PI N TO Pl N

PI N TO PI N

N«I'3/2( 1950} INTO { SIGNA K) 4'(P I N) /TQTAL+«I'2 ' (P24' Pl )
SEEN BORR EANI 68 HBC P I+P 1» 35-1~ 68

( 0 ~ 004) ( 0 ~ 008) FEUERBACH 70 RVUE PI P TQ K+ 5IG+
ASSUME MASS«WIDTH» X{ELAST) OF DONNACHIE 6S
MODEL USED HAY DOUBLE COUNT ~

0 0081 0 ~ 0013 KALHUS 70 DPWA Pl+P TO K+ SIG+

N+3/2( 1950) FRQH PI N TQ N+3/2(1232 l PI SQRT (PI+P3)
2 37 TQ ~ 48 ME HTANI 72 MPHA PI+P TO PI+PIOP
2 HOSTLY F WAVE DECA Y

7/66
7/66

11/67
6/68
1/71
8/69
2/72

11/77
ll/77
12/794'
12/79»
12/79+

10/69
7/70

1/71

9/73
9173

AZNAURYA 77 EFI 264 ( 57 ) 77 +AKGPGV» BAGDASARYAN ( YEREVAN PHYSICS IN ST }I JP
BA RBQUR 78 NP 8141 253 BARBOUR ~ CRAWFORD» PARSONS ( GLAS )
NOVOSELL TB NP 8137 509 D ~ E NOVOSELLER (CAL TECH) I JP

ALSO 78 NP 8137 445 D ~ E ~ NOVOS ELL ER (CAL TECH) I JP

CUTKGSKY 79 PRO 20 2839 +FORSYTH» HENDR ICK» KELLY I CARN+ LBL) I JP
HGEHLER 79 HANDBOOK OF PI-N SCATTERING PHYSIK DATEN VQL ~ 12-1

+KA I SER» KOCH» P I ETARI NE N /KARLSRUHE I JP

PAPERS NQT REFERRED TO IN DATA CARDS

HQHLER 63 NP 48 470 G HQHLER» G EBEL {KARL SRUHE ) I
LAYS GN 63 NC 27 724 W N LAYSON {CERN) IJ
AUVI L 64 NC 33 473 P AUVIL» C LOVELACC (LGIG ) I JP
HELLAND 64 PR 134 81062 +DE VL IN»HAGGE» LONG O» HOY ER» WOQD f LRL) IJ
HGHLER 64 PL 12 149 G HGHLER» J GIESECKE ( KARL SR UHE ) I
HQLLADAY 65 PR 139 81348 H G HQLLADAY (VANDERB ILT )
JOHNSON 67 UCRL-17683 THE S IS C H JOHNSON {LRL)
DQNNACHI 69 NP 108 433 A DONNAC HIE» R K IRSOPP ( GL AS+ E DIN )
AY ED 70 PL 318 598 +BARE YRE+VILLET (SAGLAV)
AYED T4 PRIV AT E COMMCTN ~ AV ED» BAREYRE ( SACL}l JP

ALSO 73 AI X CONF ERENCE AYED»BAREYRE f SACL ) I JP
HINNIK 77 NP 8128 66 +TOAFF»REVEL ~ GOLDBERG» BERNY (HAIF) I

4«yafcg+++~
44%4 4 4 4«I«4444%44 44448 «I«%4 4 +4 4A»»4444 4444444kA 444444444 4444«I %444 44%4«444 4

R4
R4
R4
R4
R4
R4
R4.

N+3/2(1950} FRGN PI N TQ SIGMA K
(»04) LA I4GBE IN 73
( ~ 05) LANGSEIN 73
( ~ 022) TQ ~ 040 DEANS 75

RANGE GIVEN IS FROM FOUR BEST SQLUTIQI45 ~

DEANS75 AND LANGBE j&73 DISAGREE WITH P I+ P
W INN IK77 AROUND 1920 MEV

SQRT t P I+PZ }
IPWA P I N-K SIG»SQL 1
IP WA P I N-K SI G»SOL 2
DPWA PI N TO K SIGHA

TO K+ SIGMA+ DATA OF

9/73
9/73
9/73

11/75
11/75

1/78
1/78

3.950 MEV REGION —PRODUCTION AND a'TOT~ K(P TS

70 N4'3/2{ 1950» JP~ ) I~3/2 PRODUCTION CXPERIHENTS

SEE THE MINI-REVIEW PRECEDING THE N AND DELTA LISTINGS
FQR A DISCUSS ION QF PRODUCTION EXPERIMENTS

R5
R5
R5
R5
R5
R5

R6
R6
R6
R6
R6
R6

N+3/2( 1950) FROH PI N TQ N4'3/2(1232) PI » F-WAVC 5QRT (Pl+Pl 1 )
K (- 25 }OR — 32 LGNGACRE 75 IP WA P I N TQ 2PI N

{ Zl ) NQVGSELLE 78 IPWA P I N TO 2P I N
M BW F IT TQ LONGACRE 75 IPWA» PHA SE IS NEAR -60 DEGREE S ~

N { 38) NOVGSELL C 78 IP WA P I N TQ 2P I N

N BW F IT TO NOVQSELLER 78 I P'HA PHASE IS NEAR -60 DEGREES ~

N+3/2 ( 1950) FRGiM PI N TQ N RHQ» 5~3/2» F-WAVE SQRT (P l«I'P13)
K {~ 18)OR — 24 LGNGACRE 75 IPWA PI N TQ 2PI N

P (.24) NOVQSELLE 78 IPWA P I N TO ZP I N

BW F I T TO LGNGACRE 75 I PHA» PHASE IS NEAR 120 DEGREES ~

Q 43) NOVGSELLE 78 IPWA PI N TG 2PI N

Q BW F IT TO NOVQSELLER 78 IPWA» PHASE IS NEAR 120 DEGREES ~

NORE INFQRHAT ION ON IN ELASTIC DECAY NODES OF BUMPS» SEEN I N PRODUCTION
EXPER IHENTS ARCUND 1950 ME V» HAY BE FOUND IN THE NEXT ENTRY

83 N4'3/2( 1950 ) PHOTON DECAY AHPL (GEV+- 1/2)

FOR 0EF I NIT IQN OF GAHNA NUCL EON DECAY AHPI I TUDE S» SE E Ml Nl-
RE VIE'W PRECEDING THE BARYON LISTINGS ~

11/75
11/75

3/794
3/79+
3/794
3/79+

11/75
ll/75
3/794
3/79+
3/79+
3/7~

H

M

H

H N

M N

M

H

H C
H C
M

N 8
8

H 8
M 0
H G

70 N+3/2{ 1950) MASS (ME Vl (PROD ~ EXP l

( 1922 ~ 0) APPROX COOL 56 C NTR
(1912~ 0) f 15 ~ 0 ) BR ISSQN 61 CNTR
t 1 900» 0} t 9 ~ 0 l DEVLIN 65 CNTR
(2080 ~ 0) t 12»0) YQQN 67 H BC +

THIS BUHP I 5 NOT SEEN BY CHUNG 68 AT 3 ~ 2 GEV/C
(1860 0) COLTON 72 HBC ++
(1895 ) (15 ) CQLLEY 74 HBC ++
(1890» ) 5 ~ TG 10~ BRAUN2 75 BC
(1881 1 {6~ ) CHUNG 75 HBC ++

HOST PROBABLE JP ASSIGNMENT IS 7/2+ ~

(1880» } (10 ~ ) GA IDGS 75 HBC ++
540 ( 1871» ) {22 ~ ) ZEMANY 78 HBC ++

BEST SIGNAL I 5 SEEI4 IN THE P P I+ SPECTRUM FROM THE
P PI+ Pl+ PI- FINAL STATE

600 1849» TQ 1893~ ZE MANY 78 H BC ++
FROM OTHER N PI» N P I PI AND SIGHA K CHANI4ELS

150{1880 ) (30~ ) AP ELDGGRN 79 HBC ++

P I+ P TOTAL
P I+ P TOTAL
P I+ P TOTAL
3 BEV/C P I-P

PP TQ PI+PN 7GEV
K+P TO K+PPI+P I—
P BAR P AND D» 5 ~ 7
P I+ P AND K+ P

P I+P TQ N+ ZPI
P I+P 10~ 3 GC. V/C

P I+P 10 3 GEV/C

P BAR P 7 ~ 2 GEV/C

7/66
7/66

1/73
10/74
ll/75
1/76
1/76
1/76
3/79+
3/794
3/794
3/79+
3/794

12/79+

70 N4«3/2(1950l WIDTH (MEV} (PROD EXP ~ )
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

GE V++-1/2)
DPWA P I N PHOTO-PROD
DP WA P I N PHOTO PROD
DP WA P I '

N PHOTO-PROD
DP HA P I N PHOTO-PROD.
DP WA PI N PHOTO-PROD
DPWA P I N PHOTO-PROD
DPWA P IO PHTPRD»SOL I
DP WA P IO PHTPRD» SOL 2
DPWA P I-N PHOTO-PROD

HEL IC ITY~ 1/2 f
DE VENI 52 74
KNIE S 74
NETCAL F 74
MQORHQU5 74
CRAWFORD 75
BARBOUR 76
AZI4AURYAN 77
A ZNAURYAN 77
BA RB QUR 78

M+3/2 (1950) INTO GAM NUGL EON»
—~ 08 8 ~ 025
~ ~ 070 0 12
~ ~ 059 ~ 029(- ~ 08 0)
—~ 053 . ~ 005(- 076)
—~ 078»008
-«132 015
—~ 05 8 ~ 013

SUP ER 5E DES BARBOUR 76»
~ ~ « ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS ( SCALE FACTOR ~ 2»4)

4/75
2/74
-2/74
2/74
1 /76
1/76

12/794
12/79+
31794
3/794

H
H

H

H

W

W C

H 8
W Q

( 246» 0}
(40 ' 0)

{180 Ol
t 230 ~ l
tl20 l
( 219» l
( 180~ )

540 f 205» )
600 114 TQ
150 ( 270

SEE THE NOTE

(39F 0)
(20 ~ 0 )

(50 ~ )
10» TG 20»

{23 l
(30~ )
{43 ~ )
273 '
{70~ )
5 ACCOMPANYING

DE VL IN
YOQN
COLTGN
COLLEY
BRAUN2
CHUNG
GA I DOS
ZEMANY
ZEMANY
AP ELDGGR

THE MASSES

65 CNTR
67 HBC +
72 HBC ++ PP TQ PI+PN 7GEV
74 HBG ++ K+P TG K+PPl+PI-
75 BC P BAR P' ANO 0» 5 7
75 HBC. ++ P I+ P AND K+ P
75 HBC ++ P I+P TO N+ 2PI
TS HBC ++ Pj+P 10 3 GEV/C
78 HBC ++ P I+P 10~ 3 GEV/C

N 79 HBC ++ P BAR P 7 2 GEV/C
QUOTED ABOVE

8/67
1/73

10/74
1.), /75
1/76
1/76
3/79+
3/794

12/79+
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S220 Particle Data Group: Review of particle properties

Baryons
h(1950), b,(1960)

Data Card Listings
For notation, see key at front of Listings.

70 N&3/2(1950) PARTIAL DECAY MODES (PROD EXP ~ ) 117 N+3/2{ 1960) WI DTH (MEV)

Pl
P2
P3
P4
P5
P6
P7
P8
P9

N+3/2 ( 1950}
N&3/2 ( 1950 )
N&3/2 ( 1950)
N43/2(1950)
N'43/2 (1950)
N43/2( 1950)
N43/2 (1950)
N&3/2 ( 1950)
N43/2( 1950)

I NTO PI N

INTO S I GMA K
I NTO 8+3/2(1232 ) PI
INTO Y@l( 1385) K

INTO N+3/2( 123Z ) RHO
I NTO NE UTRGN PI+ PI+
INTO Nlt'3/2( 1232) PI PI (NOT RHO)
INTO PROTON PI~ P IO
INTO P I PI N

DECAY MA SSF S
139+ 938

1189+ 493
123 2+ 139
1384+ 493
123 2+ 776
939+ 139+ 139

1232+ 139+ 139
938+ 139+ 139
139+ 139+ 938

(260 )
{200 )
(190 )

300
220

H 3
7

W 1
W 100
W 80 ~

H ~ » ~ ~ ~ ~ ~ » ~

W A VERAGE MEANI NGLESS ( SCALE FACTOR

K I RSOPP 68 RVUE
ALMEHED 7Z IPHA
LANGBE IN 73 IPHA
CUTKOSKY 79 I PWA

HOEHLER 79 I PWA

1»0)

P HASE SHIFT ANAL 10/69
2/72

PI N-K SIGy SOL 1 9/73
PI N TO PI N 12/79+
PI N TG PI N 12/794

70 N+3/2( 1950) BRANCHING RATI GS (PRQ 0 EXP )
REE

117 N&3/2( 1960) REAL PART OF POLE POSITION (ME V)

CUTKOSKY 79 IP WA PI N TO PI N

Rl N&3/2 ( 1950) INTO (P I N} /TOTAL ( Pl}
Rl (0 ~ 57) (0 ~ 12} DE VLIN 65 CNTR
Rl (0.48 ) (0 ~ 15 ) ZEMANY 78 HBC ++ P I+P 10~ 3 GE V!C 1/78

IME (280. )

117 N&3/2(1960) -2&IMAG PART OF POLE POSITION (MEV)

CUTKOSKY 79 IP WA P I N TQ P I N 12/79+
R2
R2

N&3/2( 1950 } INTO ( S IGMA K )/(PI N) (P2) /(Pl)
0. 059 0 ~ 024 CHINOWSKY 68 HBC ++ PP TO P SIG K 11/68

R3
R3
R3

N&3/2 (1950) INTO N+3/2(1232 } PI P I (NGT RHO) (P7}
SEEN CHINOHSKY 68 HBC ++ PP TG ( P 3PI ) N ll/68
SEEN BQGGILD 70 HBC P P TQ N3PI (NTRL) 6/70 RER ( —10 )

117 8+3/2( 1960& REAL PART OF ELASTIC POLE RESIDUE (MEV)

CUTKGSKY 79 IPWA PI N TO PI N 12/794

R4
R4

N 3/2( 1950) INTO (P I N) /( N&3/2( 1232) PI ) {Pl } /(P3)
(0.55 & GR LESS LEE 67 HBC P I-P 3 63 BE V/C 11/67

117 N+3/2( 1960) IMAG PART OF E LASTIC POLE RESIDUE (MEV)
R5 N&3/ 2 ( 1950 } INTO ( ( P j. N ) &( NEUTRON P I+ P I+ l & /TOTAL&3}'2
R5 ( pl+pe)
R5 0 05 0 ~ 013 GA{ LOHAY 68 R VUE ++ P I+P TQ N 2PI+ 6/68

IMR CUTKOSKY 79 IPHA PI N TG PI N 12/798

R6
R6

N&3/2( 1950) I NTQ t Y&1 {1385) K) I( PI N& (P4&/(Pl )0.035 0 015 CHINOWSKY 68 HBC ++ P P TG P LAM K PI 11/68 117 N43/2 (1960 ) PART I AL DECAY MODES

R7
R7
R7

R8
RB
R8

N&3/2 (1950 j INTO (N&3/2( 1232) RHG) /( PI N& (P5) /{ Pl)
(0 ~ 45 ) APPROX ' CH INGWSKY 68 HBC ++ P P TO ( P 3PI ) N

THIS INCLUDES CORRECTION FOR UNSEEN DECAY ( I SPIN FACTOR 5/3}.
N@3/2( 1950} INTO ( N&3/2 (1232 ) RHO) /TOTAL (P5)

SEEN YOQN 67 HBC +
NQT SEEN BQGGILD 70 HBC PP TO N3PI {NTRL }

11/e8

8/67
6/70

Pl
P2

N&3/2 ( 1960) INTO PI N

N&3/2 ( 1960) INTO K SIGMA

117 N&3/2{ 1960) BRANCHING RATIOS

DECAY '
MA SSE S

139+ 938
493+1189

R9 N&3/2(1950) INTO (PROTON P I+ P I0&/TOTAL (P8}
R9 (0. 26) ( 0 ~ 071 ZEMANY 78 HBC ++ P I+P 10 3 GEV/C

R10 N&3/2 t 1950) INTO (NEUTRON PI+ PI+)/TOTAL ( P6)
R10 (0.24) (0» 07) ZE MANY 78 iHBC ++ P I+P 10.3 GEV/C

Rl1 N+3/2 (1950) INTO t S IGMA K)/TGTAl. (P2)
Rl 1 (0 ~ 03 ) ( 0 ~ 01) ZEMANY 78 HBC ++ P I+P 10.3 GEV/C

1/78

1/78

3/79+

Rl N&3/2, ( 1960) INTO
Rl 3 ( 25)
Rl 7 (0 3)
Rl ~ 17
Rl ~ 14
Rl ~ ~ ~ » ~ ~ »

Rl AVERAGE MEANI NGLESS

(P 1 N)/TOTAL
KI RSOPP
AL MEHE D

~ 04 CUTKOSKY
»04 HOEHLER

~ ~

( SCALE F ACTOR = 1 ~ 0)

(P 1) 12/79&
68 RVUE PHASE SHIFT ANAL 10/69
7Z IP WA 2/72
79 I P WA P I N TO P I N 12/790
79 I P WA PI N TQ PI N 12/79+

R12 N&3/2( 1950) INTO ( PI PI N) I (PI N + PI PI N) (P9) /(Pl+P9)
R12 0 (0 35) {0 08& GAIDGS 75 HBC ++ P I+P TG N& 2P I
R12 0 ASSUMING ( PI P I N) IS ALL N&3/2( 1232) P 13 WHI CH AGREES HITH DATA
R12 R (0 ~ 30) (0»07) GAIDGS 75 HBC ++ P I+P TG N& 2 PI
R12 R ASSUMING ( PI P I N} IS ALL RHQ P I

1/78
1/78
1178
1/78

R2 N+3/2(1960) FROM PI N TO K SIGMA SQRT (P 1/t'PZ) 12/7M
R2 1 ( 08) LANGBEIN 73 IPHA P I N-K SIG3SOL 1 9/73
R2 5 048)TQ 120 DEANS 75 DPHA PI N TQ K SIGMA ll/75 .

R2 5 RANGE GIVEN I S FROM FOUR BEST SOLUTIONS ~ 11/75

CGGL
BRIS SGN
DEVL IN
LEE
Y CON

3 3&' Q Q

56 PR 103 1082
61 NC 19 210
65 P RL 14 10'31
67 PR 159 1156
67 PL 248 307

REFERENCES FOR N+3/2 (1950) (PROD EXP. )

R CGOL2 0 PICCICNI, D CLARK (BNL } I
+DETOE UF 3F AL K—VAI RANT 3 VAN ROSS UM3+ ( SAC LAY ) I
T J DEVLIN' J SOLDMONgG BERTSCH (PRINCETQN} I
+MGEBS3RGE 3SINCLAIR, VANDER VELDE {MICH&
+BERENYI 3KEY3PRENTICE 3 + (TQRGNT05 WISC)

KIRSOPP 68 THES IS
RGYCHOUD 71 NP 827 125

ALMEHED 72 NP B40 157
LA NGB EI N 73 NP B53 251
DEAN S 75 NP B 96 90

REFERENCES FOR N+3/2( 1960}

R G KI RSQPP
R K ROYCHQUDHURY3 B H BRANSDEN

+LOVEl ACE
LANGBE I N3 W AGNER
+MI TCHE LL 3 MONT GOME RY 3+

{EGIN)
(DURH) I JP

{LUND 3RUTG} I JP
{MUNICH) I JP

{SFLA3ALABAMA}IJP

CHINOWSK 68 PR 17 I 1421
CHUNG 68 P R 165 1491
GALLOWAY 68 PL 26B 334

CHINGWSKY3CCNDGN 5KINSEY 5KLEIN3+ ( LRL »SLAC)
S U CHUNG3 DAHLPKIRZ3 MILLER ( LRL l

K F GALLOHAY ( I NDI ANA ) I

CUTKOSKY 79 PRO 20 2839 +FORSYTH3 HENDRICK3 KELLY ( CARN+LBL ) I JP
HGEHLER 79 HANDBOOK OF P I-N SCATTERING3 PHYSI K OATEN VOL. 12-1

+KAISER3 KOCH' PIETARINEN /KARLSRUHE I JP

BQGG I LD
COLT GN
CGLLEY

70 NP B16 503
72 PR 06 95
74 NP B69 205

BRAUN2 75 NP 895 503
CHUNG 7 5 P L 578 384

AL SO 75 PRD 12 693
GAIDOS 75 PRD 12 2565

+KOREA-AHO+JACGBSEN+ ( BGHR+ HELS+QSLQ+STGH }
E CGLTON 3 A KI RSCHBAUM ( LBL)
CQLLEY5 HLIQy JGBES3 K INSGNg MILNE'+ (8 IRM+GLA S) I

+GERBER MAURER MICHALGN SCHIBY+ STBRB LPNP I
+ PRGTQPOPESCU3 E IS NER+ ( BNL+C AS E+LBL+UCSC ) I JP
CHUNG 3 PROTOPQPESCU3 E I SNER+ ( BNL'+CASE+UCSC) I JP
GAIDOS3 MILLER ( PURD) I JP

6(1960) 13 N»3/2&1950 JP=5/2-1 l=3/2 Das

13 N43/2( 1960 ) MAss (MEv)
ZEMANY 78 NP 8137 365

ALSO 78 NP B138 265
ALSO 78 P RD 17 Z888

APELDOQR 79 NP 8156 111

+BEAUFAYS3 GODDARD3 KEY+ ( TNTO+PURD+BNL ) I JP
GODDARD3 KEY 5 GGRDON3 LAI {TNTG+BNL )
KE NNEDY3 ZEMANY3 BEAUF AYS 3KE Y 3LUSTE+ ( TNTQ)
VAN APELDOQRN3 HARTING3 HCLTHUIZ FN+ (AMST}

PAPERS NQT REFERRED TO lN DATA CARDS

a(1960) 117 N&3/2( 19603 JP~3/2+) I=3/2 ~}II

EARLY ANALYSES FOUND EV IDENCE FOR A P33 R ESQNANCE NEAR
2160 ME V5 THERE MAY HA VE BEEN CONFUSION W ITH OTHER
RESONANCES IN THAT REGION ( SEE LISTING FOR 8+3/2( 2160) ) ~

RECENT ANALYSES AGREE THAT THE MASS IS CLOSER TO
1960 ME V

DEUTSCHM 75 NP 899 397 DE UT SCHMANN+ (AACH+ BGNN+BERL+CE RN+CRAC~HE I D )

M 3
M 3
M X

M X
M 3
M 7
M 1
M 1

1
1

M

M

M

M C
M C

L
M H

M LH
M LH
M LH
M

M AV

(1954 ~ 0 ) DONNACHI
t1 970 ) K I RSQPP
(1950~ 0) AP PROX LE A

S EE ALSO AP t. IN 70
WHERE MAX. AB SGRPT ION IS —DONNAC Hl 3 2 3 K I RSGP P EY EBALL F IT CERN 1

( 2200 ) AL MEHED l2 I P WA

(1960 ~ ) LANGBEIN 73 IP WA P I N-K SIG y SOL 2
NOT SEEN IN SOLUTI GN 1 GF LANGBE IN73
DEANS75 AND LANGBE IN73 DISAGREE WITH P I+ P TQ K+ SIGMA+ DATA CF
WI NNI K77 AROUND 1920 MEV

( 1894 ) AYED 76 I PHA
1925» 20» CUTKOSKY 76 I P HA

(2024 ) BARBOUR 78 DPWA P I-N PHOTO —PROD
1930~ 20» CUTKOSKY 79 IPWA PI N TG PI N

SUP ER SED ES CUT KGSKY 76 .
1901 15~ HGEHLER 79 IPWA P I N TG PI
2305. 26 ' HDEHLER 79 IPHA PI N TO PI N

HGEHLER79 FINDS A HIGHER MASS D35 RESONANCE3 AS WELL AS ONE IN THI S
MASS REGION BOTH ARE L ISTED HERE 3 AND LAB LED L AND H FOR LGW AND
HIGH3 AHAITING CONF IRMAT IQN OF THE HIGHER MASS STATE

»»» ~ » ~ ~ » ~

ERAGE MEANINGLESS (SCALE FACTOR = 8. 1)

6/68
10/69
8/69

10/69
2/72
9/73
9/73
1/78
1/78

11/77
11/77

3/79+
12 /79+
12/79&
12/79+
12 /794
12/79)t
12/794
12/793P

117 N&3/2(1960] MASS (MEV)

3 (2160 ~ )
{2120 ~ )

7 (2150. )
1 (1980. )
1 NGT SEEN IN SOLUTION 2
1 DE ANS75 AN 0 LANGBE IN73
1 HINNI K77 AROUND 1920 M

1 960. 80.
18e8. 10.

K IRSQPP 68
RQYCHQUD 71
ALMEHED 72
LANGBEIN 73

OF LANGBE I N73
D IS AGREE W I TH P I+ P

EV ~

CUTKGSKY 79
HO EHL ER 79

FACTOR = 1 ~ 0)

M

M

M

M

M

M

M

M

M

M ~ »»» ~ »» ~ ~

AVERAGE MEANINGLESS f SCALE

RVUE P HASE SHIF T ANAL
DPWA
IPWA
IPHA P I N-K SIG»SDL 1

TO K+ SI GMA+ DA TA GF

IPWA P I N TO PI N

IPWA P I N TD PI N

10/69
3/72
2/72
9/73
9/73
1/78
1/78

12/794
12/794

13 N3/2( 1960 ) HI DTH ( MEV )

00)
)
)
)
)

DGNNACH 1 68
KIRSOPP 68
ALMEHED 72
LANGBEIN 73
AYED 76
CU TKOSK Y 76
BA RBOU R 78
C UTKOSK Y 79
HQ EHL ER 79
HOEHLE R 79

(311~

( 400
{e00.
( 150
( 1,21
350

( 462
280 ~

195
300 ~

W 3
W 3

7
1

W

H 4
W . C
W L

H H

H

H

100.
)

90
60.
70.

»»
A VE RAGE MEAN

SEE THE
INGLESS ( SCAl E FACTOR = 1 0)

NOTES ACCOMPANYING MASSES QUOTED

RVUE
RVUE
IP &5A

IPWA
IPHA
I PWA
DPHA
IP WA

I P WA

IPWA

PHASE SHIFT ANAL

PI N-K SIG3SGL 2

P I —N PHOTO-PRO D

P I N TO PI N

PI N TO PI N

PI N TO PI N

8/69
10/69
2/72
9173

11/77
11 /77
3/79+

12/794
12179+
12/79+
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Particle Data Group: Review of particle properties 8221

Data Card Listings
For notation, see key at front of Listings.

Baryons
S(X960), a(a&60)

13 N&3/2(1960} REAL PART OF POLE POSITION (MEV }

REE 1 860 ~

REE C (19CB )
15 ~ CUTKOSKY 76 IP WA

CUTKOSKY 79 I PWA PI N TO PI N

ll/77
12/794 ~ (8160) 9 N+3/2( 2160 g ) I M 3/2

IME
IME C

RER
RER C

276
(226 ' )

12
(13.)

13 Ngl'3/2( 1960) -zg4IMAG PART OF POLE POS IT ION ( ME V)

40 C UTKOSKY 76 I P WA

CUTKOSKY 79 IP WA P I N TO P I N

3 ~ CUTKOSKY 76 IPWA
CUTKOSKY 79 I P WA P I N TO PI N

13 N+3/2{ 1960) REAL PART OF ELASTI C POLE RES IDUE (MEV)

11/77
12/79+

11/77
12/79~

EARLY ANALYSES FOUND EVIDENCE FOR A RESONANCE
NEAR THI S MASS IN THE P33 PART I AL 4IAV E ~ THESE
RESULTS ARE NQW INCLUDED WI TH THE LI STING FOR
N+3/ 2 ( 1960 J P 3/2+ ) ~ IN ADDI T ION g RQYC HOUD HUR Y 71
F I ND POSSI BLE EVIDENCE FOR P31 g D33 g AND D35
RESONANCES IN TH I S MASS REGION ~ IN A SI MI LAR ANA LYSI S
BRANSDEN 71 FOUND SOME EVIDENCE FOR S31g D33g AND D35

RESONANCES IN THI S REGION ~ VON SCHLIPPE 72 SUGGESTS A G39 A PRQNCUNCED
SHARP DIP IS OBSERVED IN PI+ P BACKWARD SCATTERING AT 2200 MEV BY
REY 74. DUAL INTERFERENCE MODEL ANALYSIS OF MA 75 FINDS SIGNAL FOR
P33g P31 g AND D35 g BUT NOT FQR G39+ A YED 76 F IND S A G39 RE SONANC E
IN THI S MASS REGION CUTKOSKY 79 AND HOEHL ER 79 F IND A G37 RESONANCE ~
HENDRY 78 FIND S BOTH A G37 AND A G39 RESONANICE

I MR
IMR C

Pl
P2

—15
(2 )

4 ~ CUTKOSKY 76 IPWA
CUTKOSKY 79 I P'WA P I N TO PI N

13 N43/2( 1960 ) PART IAL DECAY MODES

N~3/2 (1960) INTO PI N

N&3/2 {1960} INTO K SIGMA

DECAY MA SSES
139+ 938
493+11 89

13 N43/2( 1960 ) BRANCHING RATIOS

13 N43/2 ( 1960 ) I MAG PART OF ELASTIC POLE RESIDUE

(ME

V�
)

11/77
12/79+

M

M

M

M

M

M

M

M

M

4
4
2
2

9
7
7
C
C
1
1

9 N+3/2(2160) MASS {MEV)

(2196~ ) {46 ) (41 ~ ) REY 74 MPWA ++ P I+ P 180 DEG
BAKER 74 AND RE Y 74 FIND NEGATIVE PARI TY ( SPI N UNDET ERMINED)

(2170 ' ) AYED 76 IPWA
AYED 76 RE SUL 7 IS A G39 RESONANCE

2 200 ~ 100. HENDRY 78 MP4IA P I N TO PI N
HEND RY 78 RESULT LABELiED 9 IS A G39 RE SONANCE

2280 ~ 80 HENDRY 78 MPWA PI N TO PI N
HENDRY 78 RESULT LABELED 7 IS A G37 RESONANCE ~

( 2200% } CUTKOSKY 79 I P4IA P I N TO P I N
CUTKOSKY 79 RESULT IS A G37 RE SONANCE

2215 ~ 60 ~ HOEHLER 79 I P WA P I iN TO P I N
HQEHLER 79 RE SULT I S A G37 RESONANCE

C S 10/74

11/77
11/77
12/79~
12/79ig'
12/79+
I 2 /79~
12/79+
12/79+
12/794
12/794

Rl N+3/2 {1960 ) INTO ( P I N) / TOTAL
Rl 3 ( .154)
Rl 3 12)
Rl 7 (0 ~ 25 )
Rl ( ~ 08)
Rl ~ 133 ~ 013
Rl C ~ 1 2 03
Rl L .04 ~ 03
Rl H 04 ~ 02
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVERAGE MEANINGLESS ( SCALE FACTOR

DONNACH1 68
KI RSOPP 68
ALMEHED 72
AY ED 76
CUTKOSKY 76
CUTKOSKY 79
HOEHLE R 79
HOEHLER 79

2 6)

RVUE
RVUE
I P WA

I P4IA
I PWA

IP WA

I PWA
IPWA

(Pl)
PHASE SHIF T ANA
PHASE SHIFT ANAL

PI N TO PI N

P I N TO PI N

P I N TO PI N

10/69
10/69

2 172
1 1/77
11/77
12/79+
12/794
12 /79'4

W 4
W 2
W

W 7
W C
W 1

9 N+3/2(2160) WIDTH (MEV)

REY 74
AY ED 76
HE ND RY 78
HENDRY 78
C UTKOS KY 79
HQEHLER 79

MASSES QUOTED

(302 ) (143.)
(205 }
450 200,
400 1 50 ~

( 350~ )
400 ~ 100

SEE THE NOTES ACCOMPANYING

MPWA

IP WA

MP 4IA

MP WA

I P4IA
I PWA

++ P I+ P 180 DEG CS 10/74
ll/77

PI N TO PI N 12/79+
PI N TO PI N 12/79+
PI N TO PI N 12/79+
P I N TO P I N 12/79+

R2 N&3/2 ( 1960) I NTO (K SIGMA) /TOTAL (P2)
R2 1 (0 013) (0 01} FEUERBACH 70 RVUE PI P TO K+ SIG+
R2 1 ASSUME MASS, WIDTH, X(ELAST} OF DONNACHIE 68
R2 1 MODEL USED MAY DOUBl E COUNT,

7170
REE C {20S4 ~ )

9 N+3/2(2160) REAL PART OF PCLE POSI TI ON (MEV)

CUTKOSKY 79 I PWA P I N TO P I N 12/79~

R3 ' N&3/2(1960) FROM PI N TO K SIGMA S QRT (P 1'4P2 ) 9/73
R3 1 (.08 ) LANGBEIN 73 IPWA P I N-K SIG gSOL 2 9/73
R3 2 { 018 ) TO ~ 0 35 DEANS 75 DP WA P I N TO K SIGMA 11/75
R3 2 RANGE GIVEN I S FROM FOUR BEST SOLUTIONS 11/75 IME C (294 )

9 N&3/2(2160) —2+IMAG PART OF P OLF. POSITION ( MEV)

CUTKQSKY 79 I PWA PI N TO PI N 12/794

Al
Al
Al
Al
Al
Al
Al

13 Ngt:3/2( 1960 ) PHOTON DECAY AMPL (GEV+'4- 1/2)

FOR DEF INIT IQN OF GAMMA-NUCLEON DECAY AMPL I TUDE S g SE E MI NI-
R E VIEW PRE CE DI NG THE BARYON LISTINGS

N&3/2 ( 1960) INTO GAM NUCL EON g HEL IC ITY= 1/2 ( GE V'4+- I/2)
+ ~ 003 o 016 CRAWFORD 75 DPWA P I N PHOTO-PROD{- C85) BARBOUR 76 DP4IA PI N PHOTO-PROD

4 —.062 064 BARBOUR 78 DPWA P I-N PHOTO-PROD
4 SUPERSEDES BARBOUR 76~

~ ~ ~ 1 0 ~ ~ ~ ~

AVERAGE MEANINGLESS {SCALE FACTOR = 1 ~ 0)

1 /76
1/76
1/76
3/79+
3/79~

RER C

IMR C

(2. )

(-7 ~ )

9 N+3/2(2160) REAL PART QF ELASTIC POLE RESIDUE {MEV)

CUTKOSKY 79 I P4IA P I N TO PI N

9 N+3/2(2160) IMAG PART OF ELASTIC POLE RESIDUE (MEV )

CUTKOSKY -79 IP WA P I N TO P I N

12 /79*

12/794

A2
A2
AZ

A2
AZ

A2 AV

N&3/2 ( 1960) INTO .GAM NUCLEON, HELIC IYT='3/2 (GEVgg'+-1/2 }
—.010 .0 32 CRAWFORD 75 DPWA PI N PHQTO-PROD(+.066 ) BARBOUR 76 DP WA P I N PHOTO-PROD
+.019 054 BARBOUR 78 DP WA P I-N PHOTO-PROD

~ ~ ~ 0 ~ ~ t ~ ~

ERAGE MEANINGLESS (SCALE FACTOR ~ 1 ~ 0)

1/76
1/76
1/76
3/79+ Pl

P2

9 N43/2( 2160) PARTIAL DECAY MODES

N&3/2 (2160) INTO PI N

Ngg3/2 ( 2160} I NTO K SIGMA

DEC AY MASS ES
139+ 938
493+1189

9 N43/2( 2160) BRANCHING RATI OS

DONNAICH1 68 PL 26B 161
K I RS QPP 68 T HiES IS

l EA 69 PL 298 584
FEUERBAc 70 Nl' 168 85
ALMEHED l2 NP B40 157

REFERENCES FOR N+3/2{ 1960)

A DONNACHIE R G KIRSOPP C LOVELACE (CERN) I JP
R G K IRSQPP ( E DIN}

LE A g OA DE S g WARD g CO4IAN g+ ( RHEL r BR I STOL g DARE )
FEUERBACHER+HOLLADAY ( VANDERB ILT)
+LOVELACE (LUNDg RUTG)IJP

Rl
Rl
Rl 2
Rl 9
Rl 7
Rl C
Rl 1

N&3/2 ( 2l60) INTO ( P I N) /TOTAL
REY74 F I NDS ( J+1/2 ) X= ~ 8 1+/- ( o 541 ~ 39)

( 04) AY ED
10 03 HE NDRY

~ 09 ~ 02 HEND RY
(+05) CUTKOSKY.05 ~ 02 HOEHLER

76 I PWA
78 MP WA

78 MPWA

79 I P'WA

79 I PWA

(Pl)

P I N TO PI N

P I N TO PI N

P I N TO PI N

P I N TO PI N

10/74
11/77
121794
12/79+
12/794
12 /794

LANGBEI N 73 NP B53 251

CRAWFORD 75 NP B97 125
DEANS 75 NP 896 90

LANGBEINg WAGNER

R L CRAWFORD
+MITCHELLg MCNTGOMERYg+

( /FAUN ICH ) I JP

{GLAS) I JP
(SFLA ~ ALABAMA ) I JP

AYED 76 C EA-N-1921
BARBOUR 76 NP 8 111 358
CUTKOSKY 76 PRL 37 645.

ALSO 76 OXFORD CONF. 49

AYED (THES IS ) ( SACL} I JP
I ~ M ~ BARBOURg R L ~ CRAWFORD (GLAS ) I JP
CUTKOSK Yg HENDR ICKg KELLY (CARN+ LBL) I JP
CUTK QSKY g HENDR I CK g CHAD+ ( C ARN+LBL+ BR IS ) I JP

BA iRBQUR 78 NP 8141 253 BARBOUR g CRAW FORD g PAR SON S (GLAS)
CUTKOSKY 79 PRO 20 2839. +F OR SY TH g HENDRI C Kg KE LLY ( CARN+L BL ) I JP
hOEHLER 79 HANDBOOK OF P I-N SCATT ER INGg PHYSI K DA TEN VOL. 12-1

+KAI SERg KQCHg P I ETAR INEN /KARL SRUHE I JP

74 P RL 32 908
ALSO 74 PRL 33 250
ALSO 75 PRD ll 1777

AYED 76 CEA-N-1921

REY

REFERENCES FOR N43/2 (2160)

REYg LENNOXg PO I RI ERg PRET ZL (NDAM+MPIM }IP
REYg LENNOX gPOIRI ER g PRETZL ( NDAM+MP I M ) IP
LENNOXgPQIRIERgREYgSANDER+ (NDAM+FNAL+ANL)IP
AYED ( THES IS ) (SACL ) I JP

HENDRY 78 PRL 41 222 ARCHI BALD W HENDRY ( I ND+ LBL ) I JP
CUTKOSK Y 79 PRD 20 2839 +FORSY TH gHENDR I C Kg KE LLY (CARN+ LBL ) I J P
I OEHLER 79 HANDBOOK OF PI-N SCATT ER INGg PHYSI K DA TEN VOL ~ 12-1

+KAI S ERg KOCH g P I ETARI NEN /KARL SRUHE I JP

PAP ERS' NQT REFERRED TO IN DATA CARDS

QCNNACH I 69 NP 108 433
AYED 70 PL 318 598
APl IN 71 NP B32 253
4IINN IK 77 NP B128 66

PAPERS NOT REFERRED TO IN DATA CARDS

A DONNACHI E g R KI RSOPP (GLAS+EGIN)
+BAR EY R E+V IL LET ( SACLAY}
+COWAN g GI 8 SC Ng G I L M ORE++ ( RHELg BRISTOL }
+TQAFF gREVEL gGOl DBERGgBERNY {HAI F) I

DCNNACHI
BRANSDEN

ALSO
ROY C HOU 0
VQN SCHL
BAKER
MA

'WI NN I K

69 NP 108 433
7). NP 826 511
70 NP 816 461
71 NP B27 125
72 LNC 4 767
74 PRL 32 251
75 PRQ 11 1832
77 NP B 128 66

A DONNACHIE g R KI R SOPP (GLAS+EDI N)
g OGDEN ( DURH) I JP
ROYCHOUDHURY g P ERR I iN g BRA NSDE N ( DURH) I JP
R K ROYCHDUDHURYg8 H BRANSDEN ( DURH) I JP
VON SCHL IPPE (LOWC) I JP
BAKER g EARTLYg PRETAL ~ PRUSSg+ (FNALg ANLg NDAM) P
MAg SHAW ( UC SBg SLAC }I JP
+TOAFF gREVEL ~ GOLDBERGg BERNY (HAIF ) I

Rev. Mod. Phys. , Vol. 52, No. 2, Part II, April 1980



S222 Particie Data Group: Review of particle properties

Baryons
~(asoo), ~(n2o), ~(»oo)

Data Card Listings
For notation, see key at front of Listings.

PAPERS NOT REFERRED TO IN DATA CARDS

123 N&3/2( 2300 9 J P=9/2+) I =3/2

AY ED 70 P L 318 598

BELLAMY 67 PRL 19 476 +BUCKLEY gDGBINSONg

+BAREYRE+V ILLET

(WEST FIELDg LOUC) JP

( SACLAY)

2217 ~

123 NP)'3/2( 2300) MASS {MEV)

80. HOEHLER 79 IPWA P I N TO P I N

123 N&3/2( 2300) WIDTH (HE V)

12/794
3420 MEV REGION — PRODUCTION AND crTOT~ EXP'TS

69 4+3/2( 24209 JP= ) 1=3/2 PRODUCTION EXPERIHENTS

SEE THE MI NI-REVI E'W PRECED ING THE N AND DELTA L IST INGS
FOR A DISCUSSIGN OF PRODUCT IGN EXPERIMENTS

300 ~ 100. HQEHLER 79 IPWA P I N TQ PI N 12/79+

123 N+3/2(2300) PARTIAL DECAY MODES
69 N+3/2(2420) MASS {MEY) {PROD EXP )

Pl N+3/2 (2300) INTO PI N

123 N&3/2( 2300) BRANCHING RATIOS

DECAY MASSES
139+ 938

M ( 2360 ~ 0}
M (2520 ~ 0) ( 40 ~ 0 )
M (244090)
M (2400.0) APPROX
M 8 (2452 0)

M B USES REGGE AMP ~ +RESGN ~ TG
M 8 FOR CRITICISM OF THIS HET
M 24239 0 1090

DI DOE NS
AL VAREZ
HQ HL ER
WAHLI G

BARGER
CALCULATE DIF

HODg SEE DGLEN
CITRON P I+ P TOTAL

63 CNTR P I+ P TOTAL
64 CNTR P I PHQTQPRCD 7/66
64 RVUE DATA + DISP REL
64 QSPK 0 PI —P CH EX
ee RvUE TGTAL + cH Ex 11/67

~ GROSS SECTIONS AT 180 DEGRE
68

66 CNTR
Rl
Rl

N&3/2 ( 2300} INTO ( PI N) /TOTAL
~ 03 02 HOEHLER

(Pl )
79 IPRA P I N To PI N

12/79%
12/79+

69 N5) 3/2( 2420) WI DTH ( ME V) ( PROD 9 E XP )

REFERENCES FOR M'3/2 (2300)

HOEHLER 79 HANDBOCK OF PI-N SCATTERING PHYS IK DAT EN VOL .12—1
+KAI SERg KOCH 9 PIETARINEN /KARLSRUHE I JP

W

W

W 8

( 20090)
(245 ' 0)
( 2759 0)

310 0 20.0

DIDDENS 63 CNTR
HOHLER 64 RVUE 7 /66
BARGER 66 RVUE TOTAL + CH EX 11/67
CITRON 66 CNTR 7/66

, ~(a42o) 84 N+3/2( 24209 JP = 11/2+ ) I =3/2

BOTH RQYCHOUDHURY 71 AND BRANSDEN 71 SEE A POSS I BLE
RESONANT F35 IN THIS MASS REGION IN ADDITION BRANSDEN
71 F IND A RE SONANT P33 AT 2600 HE V.

Pl
P2
P3
P4

N+3/ 2 ( 2420 ) INTO P I N

N&3/2 ( 2420} I NTG SI GMA K
N+3/2 ( 2420) INTO N+3/2( 1232) PI
N&3/2 (2420) INTO NEUTRON PI+ PI+

DECAY MASSES
139+ 938

1197+ 493
1232+ 139
939+ 139+ 139

69 N+3/2( 2420) PARTIAL DECAY MODES ( PROD EXP )

84 N+3/2(2420} MASS (HEV) 69 N+3/2( 2420) BRANCHING RATI GS ( PROD. EXP ~ )

0)
R ~ DEP* FI T GF ARG AND

)
)
)
) (63. )
)

(2312 ~

F ROM ENE
(2400.
& 24CO.
(2440.
(2404.
( 2392.
2400 ~

Z416 ~

AY ED
DIAGRAM
BRANSDFN
ROYCHOVD
DTT
REY
AYED
HENDRY
HGEHLE R

1 ~ 0)

M 6
e

M

M

M

M 1
M

M 60
M 17
H ~ ~ ~ 9 ~ ~ ~ 1 ~

M AVERAGE MEANI NGLESS (SCALE FACTOR

70 IP}gA

P! N TQ P I N

PI N To PI N

71 DP WA

71 DPWA
72 MPWA 0 PI-P BKWD ELSTC
74 MPWA ++ P I+ P 180 DEG CS
76 I PWA
78 MP WA

79 I PWA

1/71

3/72
3/72
2/73

10/74
11/77
12/79+
12/79~

Rl N+3/2 ( 2420) I NTO ( P I N) /TOT A L (Pl )
Rl (0 067 ) APPROX 0IDDENS 63 CNTR A SSUMING
Rl 09 113 0 ~ 0036 CITRON 66 CNTR ASSUMING
Rl 8 (0 12) BARGER 67 F I T A SSUMING
Rl 0 (0 ~ 163) DIKMEN 67 F IT ASSUMING
Rl D USES ONLY RESONANCES TO CA{ CULATE DIF. CROSS SECTIONS AT 180
Rl (0 06) KGRMANYGS 67 CNTR ASSUMING

R2 N&3/Z( 2420) INTO (P I. N} 5i'( NEUTRON PI+ PI+ }/(TOTAL++2}
RZ ( PI~P4}
R2 0 C 195 0 0048 GALLCIA'AY 68 RVUE

J=ll/2 7/66
J=11 /2 7/66
J =1 1/2 1 1/67
Jwj I/2 11/67
D EGREE S
J=l 1/2 11/67

6/68

84 N+3/2(2420) WIDTH (HEV)

(347.0}
(4849)
( 289 ~ }
4eo.
340.

AYED
REY
AYED
HENDRY
HOEHLER

1.2)

70 I P RA 1/71
74 MPWA ++ PI+ P 180 DEG CS 10/74
76 I P WA 11/77
78 MPWA - P I N TQ PI N 12/791e'
79 I PWA PI N TO PI N 12/79'

84 N+3/2{ 2420) PARTIAL DECAY MODES

W

-W 1 (79 ~ )
W

W 100.
W 28 ~

~ ~ 0 ~ ~ ~ ~ 0 ~

AVERAGE MEANINGLESS (SCALE FACTOR

DI DDENS
ALVA REZ
HOHL ER
WAHl IG
BARGER
CI TRON

63 P RL 10 262
64 P RL 12 710
64 Pl 12 149
64 P RL 13 103
66 PR 15 1 1123
66 PR 144 1101

BARGER 67 PR 155 1792
DIKMEN 67 PRL 18 798
KORM ANY Q 67 PR 164 1661
GA LLOWAY 68 PL 268 334

REFERFNCES FGR N+3/2(2420) & PROD EXP ~ )

+J ENKINSg KYCIAg RILEY ( BNL) I
+BAR YAMg KERN g LUCK EY gOS BGRNEg + (M I Tg CEA )
G HOHLERg J GIESECKE (KARLS RUHE ) I
+MANNE{ L I 9 SQDICKSONg FAC KLER g WARD g + ( MI T)
V BARGERg M CL SSQN &W ISC)
+GAL BRA I TH 9 KYC IA 9 L EGNTI C 9 PHI LL I P S 9 + ( BNL) I

V BARGERg 0 CL INF ( WISC) P
F N DI KMEN (M ICH }
KORMANYOS ~ KRI SCH 9 QFALLGN 9 + ( HI CH 9 ANL) P
K F GALLOW AY ( INDIANA ) I

PAPERS NOT REFERRED TO IN DATA CARDS

Pl
P2

M'3/2 (2420) INTO PI N

N'g3/2 {2420) I NTG SI GHA K

84. N&3/2(24ZO) BRANCHING RATIOS

DECAY HASSES
139+ 938

).!.9 7+ 493
BAACKE 67 NC 51A 761 J BAACKE 9 M YYERT ( KAR L SRUHE g GR SAY ) J-L
DQBRQWOL 67 PL 24 8 203 DQBRQWGLSK Ig GUSKOVg LIKHACHEVg + {DUBNA ) P
DOLEN 68 PR 166 1768 R DQLENg 0 HGRNg C SCHHID (CIT )
WAHL IG 68 P R 168 1515 M A WAHLIGg I MANNELLI ( HIT 3 P ISA)

FINAL VLRSIGN OF DATA USED IN WAHLIG 649 IN CONJUNCTION WITH
CITRON 66 TOTAL CROSS SECTIONS THIS CHARGE EXCHANGE DATA GIVES
CCHPLEX ELAS TI C SCATTERING AMPLITUDE AT 0 DEGREES

Rl N&3/2 (2420) INTO {PI N)/TOTAL (Pl)
Rl 6 (0 ~ 113) AY ED 70 I PWA
Rl 7 (.4) OTT 72 MPWA 0 P I-P BKWD El STC
Rl 1 (.157) {~ 070) ( ~ 035 }REY 74 MPWA ++ PI+ P 180 DEG CS
Rl 1 REY 74 DETERMINES {J+1/2)X QNLYg WE HAVE DI VI DED BY 6
Rl ( ~ 09) AYED 76 I P WA

. Rl .11 .02 HENDRY 78 MPWA P I N To P I N

Rl .08 .015 HOEHLER 79 I P WA PI N TO PI N

Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVERAGE HEANINGLE SS ( SCALE FACTOR = I 2)

1/71
2/73

10/74
10/74
11/77
12/79+
IZ/794

(25OO) 12% N*3/212500 JP=9/2-1 1=3/2 689

124 N+3/2( 2500) HASS ( ME V)

AY ED 70 K I EV CONF

REFERENCES FOR N43/2( 2420)

R AYEDgP BAREYRE9 G VILLET ( SAC L) I JP

2468 50 ' HOEHLER 79 IPWA PI N To PI N 12/79''

BRANS DE N 71 NP 8 26 5 1!.
ALS G 70 NP Bl e 4el

RQYCHOUD 71 NP 827 125
OTT 72 PL 42B 133

ALSO 72 MCGILL THESI S

gOGDEN (DURH) I JP
RDYCHGUDHURYg PERRINg BRANSDEN ( DURH) I JP
R K ROYCHOUDHURY 9 8 H BRANSDEN ( DURH } I JP
+TRI SCHUK t VAVRAg RICHARDSg+ (MCGI 9 STLQg IOWA) I JP
J VAVRA (HCGI ) JP

480 ~ 100. HOEHLE R 79 I P WA

124 N2{'3/2( 2500 ) RIOT H ( HEV )

P I N TG PI N 12/79+

REY 74 P RL 32 908
ALSO 74 PRL 33 250
ALSO 75 PRO 11 1777

REYg LENNGXg POIRIERg PRETZL
REY 9 LENNOX 9PGI RI ERg PRETZL
LENNGXgPDIRI ER gREY 9 SANDER+

( NDAM+MPI H ) I P
{NDAM+MP I H ) I P

( ND A H+ F NA L+ A NL ) I P

124 8+3/2(2500) PARTI AL DECAY MODES

DECAY MASSES
Pl N&3/2(2500) INTO PI N 139+ 938

AY ED
HENDR Y

HQ EHL ER

76 C EA-N —1921 A YED ( THE Sj S) ( SACL) I JP
78 PRL 41 2?2 ARCHIBALD W HENDRY t IND+LBL) I JP
79 HANDBOOK OF PI-N SCATTERING 9 PHYSI K DA TEN VGL 1 2-1

+KAI SERg KOCHg P IETARI NEN /KARLSRUHE IJP

Rl
Rl

124 N+3/2 ( 2 500-) BRANCHING R AT I 0 S

N&3/2 (2500) INTO (P I N)/TOTAL ( Pl).oe 03 HOEHLER 79 IPWA P I N To PI N

12/79~
12/79+
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Particle Data Group: Review of particle properties S223

Data Card Listings Sary ons
For notation, see key at front of Listings. &(85OO), &(&25«), &(»«). &(&«o), ~(»«)

REFERENCES FOR N¹3/2(2500)

HQEHLER 79 HANDBOOK OF PI-N SCATTERING' PHYSIK OATEN VOL+12-1
+KAISERgKOCHyPIETARINEN /KARLSRUHE I JP BUMPS

85 N¹3/2( 2850' JP= +) 1=3/2 PRODUCTION EXPERIMENTS

&25DO MEV REGION —FORMATION KPPEBIMENTS S5 N¹3/2(2850) MASS (HEV) (PROD EXP ~ )

127 N¹3/2(&2500) l=3/2

WE LIST HERE I=3/2 RFSQNANCES WITH MASS GREATER THAN
ABOUT Ze 5 GEV WHICH HAVE BEEN SEEN IN A SINGLE PARTIAL
WAVE ANALYS IS ONLY ALL RESGNANC ES WHICH HAVE BEEN
OBSERVED IN &1 ANALYSIS AT ABOUT THE SAME HASS ARE
GIVEN A SEPARATE LI STING WITH THE APPROPRIATE QUANTUM
NUMBERS ~

( 2870 0)
(2700 ~ 0}
(2850 ~ 0)
2850~ 0

( 2883 )
12~ 0

(26 )

APPROX

(28 ~ }

HGHLER
WAHLIG
BARDADIN
C I TRON
REY

64 RVUE DATA + DI SP REL
64 OSPK 0 PI-P CH EX
66 HBC ++ N¹ TQ P + 3 PIS 7/66
66 CNTR P I+ P TOTAL 7/66
74 MPWA ++ PI+ P 180 DEG CS 10/74

2450
2850 ~

32 00»
3300 ~

3 700 ~

4100 ~

~ ~ 0

AVERAGE MEANI

100~

150 ~

200 ~

200 ~

200 ~

300~

~ ~ ~ ~ 0 ~

NGLE SS ( SCALE FACTOR

HEND RY
HENDRY
HE ND RY
HE NDRY
HENDRY
HENDRY

3 ' 4)

127 N¹3/2( &2500) MASS (MEV)

78
78
f8
78
78
78

MPWA
MP WA

MPWA
MPWA
MP WA

MP WA

P I N H39
PI N 1311
P I N K313
P I N L317
P I N H319
P I N N321

12/79¹
12 /7 9¹
12/79¹
12/79¹
12/79¹
12/79¹

Pl
P2
P3

85 N¹3/2( 2850 } WI DTH ( HEV ) ( PROD ~ EXP ~ )

(1500 0}
400 0

(380 )
40.0

(14le)

85 N¹3/2( 2850) PARTIAL DECAY MODES ( PROD EXP~ )

N¹3/2 ( 2850) INTO P I N

N¹3/2 (2850) INTO P PI PI PI
N¹3/2( 2850) INTO N PI Pl

DECAY HASSES
139+ 938
93 8+ 139+ 139+ 139
93 8+ 139+ 139

BARDADIN 66 HBC ++ 7/66
C I TRON 66 CNTR 7/66

( 201 ) REY 74 HPWA ++ P I+ P 180 OEG CS 10/74

127 N¹3/2( &2500) WIDTH (MEV)

500 ~

700 ~

1 000~
1100.
1300
1600'

200'
200 '
300
300. ~

400 ~

500 ~

HENDRY
HENDRY
HENDRY
FENDRY
HE NDRY
HE NDRY

78
78
78
78
78
78

MP WA

MP WA

HP WA

HPWA
HPWA
MPWA

127 N¹3/2(&2500) PARTIAL DECAY HGDES

N¹3/2 ( &2500) I NTO P I N

~ ~ ~ ~ 0 0 1 ~ ~

A VERAGE MEANINGLE SS ( SCALE FACTOR = 1 3)

PI N H39
P I N j311
PI N K313
P I N L317
P I N M319
P I N N321

DECAY MASSES
139+ 938

12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹

Rl
Rl
Rl B
Rl
Rl B
Rl 8
Rl 8
Rl C
Rl C
Rl
Rl
Rl 0
Rl D

Rl

85 N¹3/2(2850 ) BRANCHING RATIOS (PROD ~ EXP ~ )

N¹3/2 (2850) INTO (P I N)/TOTAL (Pl)
ONLY ( J+I/2) ¹( PI N/TOTAL) MEASURED FOR THIS STATE

(0 ~ 224} ( 0 ~ 0 16) BARGER 66 RVUE TOTAL + CH EXC ~

0 ~ 261 0 ~ 048 CITRON 66 CNTR TOTAL CROSS+ SEC ~

(0 40) BARGER 67 RVUE USES KORHANYOS66
'USES REGGE AMP ~ +RESGN ~ TO CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGRE
FOR CRITICISM OF THIS METHOD SEE OOLEN 68 ~

(0 49) Dl KMEN 67 RVUE USES KQRHANYOS67
USES ONLY RESONANCES TO CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGREES

(0 ~ 391 DOBRQWOLS 67 CNTR PI+P AT 180 DEG
(F 10) KGRHANYGS 67 CNTR PI-P AT 180 DEG
(0 ~ 06 ) OR L ESS CL~ i 95 HA LDQRSE 72 HBC P P 19 GE V/C

UPPER LI HI T ON ELA STI C I TY ~ ALSO F I ND J=9/2 OR MORE~
( 28) (.131 ( 19) REY 74 MPWA ++ PI+ P 180 DEG CS

11/67
11/67
11/67

11/67

11/67
12/72

10/74

127 N¹3/Z(&2500) BRANCHING RAT IOS

Rl
Rl
Rl
Rl
R1
Rl
Rl
Rl
Rl

N¹3/2 ( &2500 } INTO
~ 08
~ 06.045
~ 03
025

~ 018

( PI N}/TOTAL.02
~ 02
~ 02
~ 01
F 01
01

HEND RY
HENDRY
HENDRY
HENDRY
HENDRY
HEND RY

78
78
78
78
78
78

MP WA

HP WA

IMP WA

HPWA
HP WA

HPWA

(Pl )
P I N

PI N

PI N

PI N

PI N

PI N

HENDRY 78' PRL 41 222

REFERENCES FOR N¹3/2 (&2500)

ARCHI BALD W ~ HENDRY

~ ~ t t t ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 5)

H39
1311
K313
L317
M319
N321

¹¹¹¹¹¹¹¹

( I ND+LBL ) I J P

12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹
12/79¹ BARGER

DIKMEN
DGBRQWOL
KORMANYG
HA LDQRS E
REY

ALSO
ALSO

67 PR 155 1792'
67 PAL 18 798
67 PL 24B 203
67 PR 164 1661
72 NC 10A 468
74 PRL 32 908
74 PRL 33 250
75 PRD 11 1777

HQHL ER 64 PL 12 149
WA HL I G 64 PRL 13 103
BARDADIN 66 PL 21 357
BARGER 66 PR 151 1123
CITRON 66 PR 144 1101

REFERENCES FOR N¹3/2 (2850) (PROD ~ EXP ~ )

G HOHLERg J GI ESECKE ( KARLSRUHE ) I
+MANNELLI g SGDICKSGNg FAC KLER gWARDt + (HIT }
BARDADIN-OTWINOWSKAgDANYSZ y + ( WARSAW)
V BARGER' )/ CLSSGN (W ISC )
+GALBRAI THgKYCIAgLEGNTICgPHILLIPS' + (BNL) I

V BARGER' 0 CLINE (W ISC) P
F N DI KMEN ( MICH}
DGBROWQLSK Iy GUSKQVgL IKHACHEVt + ( DUBNA } P
KORHANYGSg KRI

SCHWA

OFALLONr + ( MICH' ANL ) P
HALDQRSENy JACGBSEN ( OSLO) IJ
REYg LENNOX g POIRI ERg PRET ZL (NOAH+M PI M ) IP
REY ~ LENNOX' POI RI ER g PRET ZL ( NDAH+HPIH) I P
LENNQXt POI RI ERt REYy SANDER+ ( NDAM+FNAL+ANL ) I P

PAPERS NOT REFERRED TO IN DATA CARDS

~(275O) 125 N+3/2(2T50 JP=13/Z-l 1=3/2

BAACKE 67 NC 51A 761 J BAACKE t M YVERT ( KARI SRUHE g QRSAY ) J-L
ODLEN 68 PR 166 1768 R DOLENg D HORNy C SCHMID (CI T)
WAHLIG 68 PR 168 1515 H A WAHLIGe I MANNELLI (HIT p P ISA )

F INAL VERSION OF DATA USED IN WAHLIG 64 I N CONJ 4NC TIQN WITH
CITRON 66 TOTAL CROSS SECTIONSt THIS CHARGE EXCHANGE DATA GIVES
CQHPLEX ELASTIC SCATTERING AHPLITUDE AT 0 DEGREES ~

125 N¹3/2( 2750) MA SS ( HE V)

H 2650+ 100 ~ HE NDRY 78 MPWA

M 2794 ' 80 ' HOEHLER 79 IPWA
M ~ 0 ~ t 0 0 ~

M AVERAGE MEANINGLESS (SCALE FACTOR = i+1)

PI N TQ Pl N

P I N TO PI N

12/79¹
12/79¹

126 N¹3/2( 2950' JP=15/2+) I=3/2 315

125 N¹3/2( 2750) WIDTH (MEV)

W 500 100. HENDRY 78 MPWA P I N TQ PI N

W 350 100 HQEHLER 79 IPWA P I N TO P I N

W ~ ~ ~ \ ~ ~ ~ ~ ~

W AVERAGE MEANINGLESS (SCALE FACTOR ~ 1 1)

12/79¹
12/79¹

126 N¹3/2 ( 2950) MASS ( ME V)

M 28 50+ 100 ~ HENDRY 78 MPWA P I N TQ PI N

M 2990 100 ' HOEHLER 79 I PWA PI N TG PI
M ~ ~ ~ I 4 0 I 0 ~

H AVERAGE MEANINGLESS (SCALE FACTOR = 1 0)

12/79¹
12/79¹

Pl

125 N¹3/2( 2750) PARTIAL DECAY MODES

N¹3/2 (2750 } INTO P I N

DECAY HASS ES
139+ 938

126 N¹3/2( 2950 ) W I DT H (H EV )

'
W 700 200 ~ HENDRY 78 HPWA

W 330~ 100 ~ HOEHLER 79 IP WA

~ 0 ~ ~ ~ ~ ~ ~ ~

W AVERAGE MEANINGLESS (SCALE FACTOR = 1 7)

P I N TG PI N

PI N TG PI N

12/79¹
12/79¹

1Z5 N¹3/2( 2750) BRANCHING RATIOS

Rl
Rl
Rl
Rl
Rl

N¹3/2 ( 2750) INTO ( PI iN) /TOTAL
05 .01

~ 04 ~ 015
HE ND RY
HQEHLER

~ ~ ~ ~ t ~ ~ ~ ~

AVERAGE HEANINGLESS (SCALE FACTOR = 1 ~ 0)

(Pl )
78 MPWA P I N TG PI N

79 IPWA P I N TO PI N

12/79¹
12/79¹
12/79¹ P 1

126 N¹3/2( 2950) PARTI AL DECAY MODES

N¹3/2( 2950) INTO PI N

DECAY HASSES
139+ 938

126 N¹3/ 2 ( 2950 ) BRANCHING RATIOS

REFERENCES FOR N¹3/2 (2750)

HF ND RY 78 P RL 41 222 ARCH I 8 AL D 'W ~ HEN OR Y ( I NO+LBL ) I JP
HOEHLER 79 HANDBOOK OF PI-N SCATTERING' PHYSI K OATEN VOL 12-1

+KAISER KOCH PIETARENEN /KARLSRUHE I JP

HE NDRY
HGEHLE R

Rl N¹3/2 ( 2950) INTO (P I N) /TOTAL
Rl ~ 03 ~ 01
Rl ~ 04 . ~ 02
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVERAGE MEANINGLE SS (SCALE FACTOR = 1~0}

( Pl)
78 MPWA P I N TO PI N

79 I PWA PI N TG PI N

12/79¹
12/79¹
12/79¹
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Sary ons
6(3230), EXOTIC NUCT=)'=ONS, Z 's, Za(1780)

Data Card Listings
For notation, see key at front of Listings.

REF ERENCES FOR N¹3/2( 2950)

HENDRY 78 PRL 41 222 ARCH I BALD W HENDRY ( IND+LBL ) I JP
HOEHLER 79 HANDBOOK OF PI —N S CATT ER INGy PHYS IK DATEN VDL 12-1

+KAI SE Rg KOCH g P I ETARI NEN /KARLS RUHE I JP

Note on the S= +1 Baryon System

The evidence for S = +1 baryons was thoroughly
1reviewed in our 1976 edition. More recent measure—

86 N¹3/2 ( 3230 y JP=

BUMPS
) I~3/2 PRODUCT IQN EXPERIMENTS

ments, including completed experiments and experi-
2ments in progress, have been reviewed by Kelly.

(3230» 0)
(3296 ~ )

86 N¹3/2(3230) MASS (MEV) ( PROD EXP ~ )

GI TRON 66 CNTR P I+ P TOTAL 7/66
(79.) (78 ) REY 74 MPWA ++ PI+ P 180 DEG CS 10/74

86 N¹3/2( 3230) WIDTH ( ME V) ( PROD ~ EXP»

Most of the new data which have recently been

becoIjjing available have not. ye t. been sub jected to
partial-wave analysis, and the whole Z* ques tion

may be clarified. when this is done. In the interim

two analyses have been reported. by ARNDT 78 and
( 440. 0)
(687, ) I 1043 )

C ITRON 66 CNTR 7/66
( 323 ~ ) REY 74 MPWA ++ PI+ P 180 DEG CS 10/74 GIACOMELLIl 76. ARNDT 78 is an energy-dependent

+analysis of K p elastic scattering below 2 GeV/c.
86 N¹3/2(32301 PART IAL DECAY MODES ( PROD EXP ~ )

Pl N¹3/2( 3230) I NTO PI N

P2 N¹3/2 (3230) INTO N PI P I

DECAY MA SSE S
139+ 938
93 8+ 139+ I 39

Rl
Rj Q

Rl 8
Rl
Rl 8
R} 8
Rl B
Rj 0
Rl 0
Rj

REFERENCES FOR N¹3/2(3230) (PROD» EXP ~ )

86 N¹3/2(3230) BRANCHING RATI QS

N¹3/2 (3230) INTO {PI N]/TOTAL (Pl)
NLY ( J+1/2) ¹( PI N/TOTAl. ] MEASURED FCR THIS STATE

(0 03) (0 01) BARGER 66 RVUE TOTAL + CH EXC 11/67
(0 06) CITRON 66 CNTR TOTAL GROS SEC. 11/67
(0 03) TO 0 ~ 1 BARGER 67 CNTR USES KORMANYOS66 11/67

USES R EGG E AMP ~ +RESON» TO CAI CUL ATE DI F» CROSS SECTIONS AT 180 DEGRE
FOR CRITICl SM OF THIS METHODS SEE OOLEN 68.

(0 ' 25) DIKMEN 67 RVUE USES KORMANYOS67 11/67
USES CNLY RESCNANCFS TO CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGREES

( ~ 45 ) (» 09] ( 13) REY 74 MPWA ++ P I+ P 180 DEG CS 10/74
l..

Although seven resonance poles are found in various

waves, only the P pole at (1796 —loli) MeV is13
considered to be a strong Zl candidate, and only

this pole is entered in the Data Card Listings
below. No information is given on the pole residue
and its uncertainty. GIACOMELIIl 76 searched for
a Zl decaying into KA, but found no evidence for
such an effect. The evidence for the existence of
Z*'s thus remains in onclusive.

66 PR 151 1123
66 PR 144 1101
67 PR 155 1792
67 P RL 18 798
74 P RL 32 908
74 P RL 33 250
75 PRD 11 1777

BARGER
G I TRON
BARGER
DIKMEN
REY

ALSO
ALSO

KORMiANYO 67 P R 164 1661
DOLE N 68 PR 166 1768

V BARGER' M OL SSON (WISC)
+GAL BRAITHy KYCIAg L EONT I CgPHILL IPSE + ( BNL ) I
V BARGER' 0 CLINE (WISC) P
F N 0IKMEN ( MICH)
REY g LF NNOX p POI RI E Rg PRET ZL (NDAM+MPIM ) IP
RFY v LENNOX e POI RI ER e PRET ZL ( NDA M+MP IM ) I P
LENNOX' POIRI ERg REYpSANDER+ (NDAM+FNAL+ANL) IP

PAPERS NOT REFERRED TO IN DATA CARDS

KORMANYOSg KRI SCH y OFALLQN y + (MI CHg ANL ) P
R DOLENp 0 HORNp C SCHMID (CIT)

References

1. Particle Data Group, Rev. Mod. Phys. 48,
S188 {1976).

2. R. L. Kelly, in Proceedings of the Meeting on

Exotic Resonances (HUPD-7813), eds. I. Endo

EXOTIC WUCLEOXS — 164O mV azcrON
EXOTIC NUC LEQNS

et. al. , Hiroshima, 1978.
See, the Data Card Listings for other references.

TH! S I S NQT A COMPLETE LI ST HE WILL TABULATE EXOT ICS FROID hOW ON

EX(1640m JP= ) I=5/2

THIS I S NOT A COMPLETE LIST ~ WE TABULATE
ONLY F ROM 1970 ON.

IN A MISSING MASS EXPERIMENTS PI+ P TO PI- X+++g
8 IRULEV 71 FI ND NQ EV I DENCE FOR EXDT IC ( I =5/2) RE SONANCE S IN THE
MASS INTERVAL 1~ 2 .TO 2 ~ 2 GEV

S=1 I=O EXOTIC STATES (Z0)

95 Z¹0( 1780' JP=l/2+) I=O
Qk

01
EX( 1640) MASS (MEV)

M A 29 1627. 12 ' PRICE
M A FOUR S. 0. EFFECT

EX ( 16401 HI DTH ( ME V)

70 DBC -- K-0 AT 4 91GEV/C 3/71

SEE THE MINI-REVIEW PRECEDING THI S LISTING

WILSON 7 AND GIACOMEI LI 74 FI D M2 N SO E SOLUT I ONS
WITH RESONANT-LIKE BEHAVIOR IN THE P01 PARTIAL WAVE.
THE EFFECT SEEN IN THE I=0 TOTAL CROSS S ECTIONSe
IF A RESONANCE g MUST HAVE SPIN= I/2g BECAUSE THE
INELASTIC CROSS SECTION IS VERY SMALL AND THE TOTAl
CROSS SECTION IS ABOUT 4¹ PI/K¹¹2

8 29 30. QR L ESS CL= ~ 90 PR ICE 70 DBC —— P I—P I-N BUMP
8 CROSS SECTION 13.0+-3 ~ 9 MICROBARNS

3/71
95 Z¹0(1780) MASS (MEV)

EX (1640) CROSS SECT IC!N L IM ITS (MICROBARN)

CS B 40. OR L ESS BANNFR 70 DSPK +++ PI+P q l. 9 GE V/G 7/70
CS 8 I =5/2 LI MI T GIVEN ABOVE I S FOR MASS RANGE 1540-1750 MEV

REFERENCES FOR EX( 1640)

M

M D

M D

M W

M W

M 1
M 1
M 1
M 1
M

1780 0 10.0 COOL 70 CNTR + K+Pg 0 TOTAL
SEEN DOW ELL 70 CN TR K+P y D TOTAL
SEE Al SQ DI SCUSSI ON Of I YNCH 70

(1800 ~ ) WILSON 72 PHA K+N P01 WAVE
ESTI MATE OF PARAMETERS FROM BW + QUADRAT IC BACKGROUND FIT TO Pol

(1750» ) CARROLL 73 CNTR KN I=O TCSyFIT 1
(1825 ~ ) CARROLL 73 CNTR KN I=O TCSgFIT 2

FIT 1=FI T OF Sj NGLE L=l BW+ BACKGROUND TO I=O TCS FROM 4.-1 ~ 1 GEV/C
FIT 2=FIT OF L=l AND L=2 BWS TD SAME DATA~ SEE ZO(1865) FOR L=2 PART

(1740 ~ ) GI ACQMEL 74 P WA 38- 1 ~ 51 GE V/C

1/71
7/70
7/70
3/72
3/72
9/73
9/73
9/73
9/73

10/74
BANNER 70 NP 8 15 205
PRICE 70 PL 338 g533

AMMANN 71 PL 348 533
BIRULEV 71 S JNP 12 536
JOHNSON 71 PL 348 428

+CHEZE CHANEL g TE IGERg ZACCQNE + ( SAC LAY )
+BERGS SALANTyHAT ERSg HEBSTERgHE INBERG ( VAND)

PAPERS NOT REFERRED TO IN DATA CARDS

+CARMQNY gGARF I NKF L gGUTAYg MILLER' YEN ( PURD)
+VOVENKOp GUSKQV g DOBROVQLSKI I q++ ( J INR)
D JOHNSON (ANL )

W

W

W 1
H 1
H

( 565, 0)
{300 )
(600. )
( 845. )
(300. )

95 Z¹0( 1780) WIDTH ( ME V)

COOL
WILSON
CARROLL
CARROLL
GIACOMEL

70 CNTR + K+Pg 0 TQTAL 1/7 1
72 PHA K+K P01 WA VE 3/72
73 GNTR KN I=O TCSgfj T 1 9/73
73 CNTR KN I=O TCS g FIT 2 9/73
74 P HA 38- 1 ~ 51 G E V/C 10/74

¹¹¹ ¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹'¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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Particle Data Group: Review of particle properties S225

Data Card Listings
For notation, see key at front of Listings.

BaryOnS
Zo(1780), Zo(1865), Zj(1900)

Pl

95 Zii'Ot 1780) PARTIAL DECAY HQDES

Z&0( 1780) INTO K N

DECAY HASSE5
493+ 939

S=l 1=1 EXOTIC STATES (ZE)

95 2+0(1780) BRANCHING RAT IQS
97 Z+ ll 1900 t JP=3/2+1 I=1 13,

Rl
Rl
Rl W

Rl 1
Rl 1
Rl

2+0(1780) INTO (K
t 0~ 95)
(0 85)

( 75)
t ~ 91)
( ~ 85 I

N) /TOTAL
COOL 70
WI LSGN 72
CARROLL 73
CARROLL 73
GIACGMEL 74

(P 1)
CNTR + K+Pt 0 TOTAL
P WA K+N Pol WA VE
CNTR IF J~ 1/2tF IT 1
CNTR IF J=l/2t F IT 2

PWA ~ 38 1 ~ 51 GEV/C

1/71
3/72
9/73
9/73

10/74

THI S EFFECT IS STRONGLY ASSOCI ATED WITH THE K-DELTA
THRESHOLD ~ SEE THE MINIRE VIEW PRECEDING Zit'0( 1780)

COOL
ALSO
ALSO

DOWE LL
W ILSGN
CARRCLL
GI ACOMEL

LYNCH
HI RATA
BGWEN
JOHNSON
CA HERON

BI GI

70 DUKE CONF 47
69 P L 308 564
70 P R Dl 1887
70 DUKE 53
72 NP 842 445
73 PL 458 531
74 NP 871 138

70 DUKE 9
71 NP B30 157
73 PR D7 22
74 PL 508 343
75 PALE RMO CONF ~

76 NP B110 25

REFERENCES FOR Z+0 (1780)

R L COCL ( BNL)
ABRAMS tCGOI tGIACONELLI t KYC I At L I + ( BNL)
COOL, GIACONELLI, KYCIA I EGNTICt LI + (BNL)
J 0 DGWELL {8IRM)
+GRIFF ITHS tHI RATA + ( BGNA+GLAS+ROHA+TRST)
+KYC IAt Llt MICHAELt MOCKETTt RAHM+ {BNL) I
GI ACONELLI, + I BGNA+GL AS+ROM A+T RST ) IJ P

PAPERS NOT REFERRED TG IN DATA CARDS

G LYNCH (REV IEWER OF CR SEC ~ DATA) ( LRL)
+GOLDHABERtHALLt SEEGERt THRILLINGt WGHL (LBL ) I JP
+JENKINStKALBACHtPETERSEN + (ARIZ+MICH)
JGHNSQNt VLASSOPULOS (CERNt DURH)
+CA P IL UPP I+ {BGNA+EDI N+GLAS+P IS A+RHEL ) I JP
+CAMERON+ t BGNA+EDI N+GLAS+P I SA+RHEL) I JP

M 1
M 1
H

M 1
M 1
M 2
M 2
H 2
M

M

K
N K

M K

M K

97 Zit'1 (1900) HASS (HEY )

(1932~ 0) AY ED 70 IPWA P13t SOL ~ I
{1 899+ 0) AY ED 70 I PWA P13t SOL ~ I I
(2030 ' 0) AYED 70 I PWA Sll SOL I I I

THREE SCLNS IN ORDER OF DECREAS ING SIGNIFICANCE ~ TH)UGH AYED 70
GIVE PARAMETFRStTHEY CONCLUDE RESONANT INTERPRETATION DOUBTFUL ~

(1830 ' ) BARNETT 70. IP WA P13tSOLN I II
RESONANCE SIGNAL BARELY ABOVE BACKGROUND DUE TO THE LARGE ERRORS
IN THE AMPL ITUDES RESULTING FROM THE ANALYSIS
1 900 ~ 0 10 ~ 0 COOL 70 CN TR ++ K+P TOTA L

( 1880 ~ ) ALBROW 71 IPWA ++ SOL ~ GAHMA
(1890 ) KATG 71 I P WA SG(. I f F IT BW)
( 2040 ~ ) KATO 71 IPWA SQL I I (FIT BW)

KATO 71 ESTIHATE RESONANCE PARANETERS -- UPDATED PHASE SHIFTS
PUBL I SHED IN HILL ER 72 ~

97 Z& 1 t 1900) WIDTH ( ME V)

6/70
6/70
6/70

9/73

1/71
10/71
10/71
10/71
3172
3/72

EXP
GQLDHABE
RAY
ARM IT AG E
GI ACGME 1
GIACGMEL

ALSO
LCNDON
AL EXANDE
DA itERELL

ER IMENTS MAINL Y ABOUT
62 PRL 9 135
69 P R 183 1183
72 NAL PAPER 391
72 NP B42 437
73 NP 856 346
73 BGNA P PT ~ AE-73/4
74 P RD 9 1569
75 Pl 5 88 484
75 NP 894 374

ELASTIC CHANNELS
GGL DHA BERt CHINOW SKY t GQL DHAB ER+ t LR L+ UCLA ) I JP
RAYt BURRI S ~ F I SKt KRAEMERtHI LL+ +CARN+BNL
+ASTON t DUERDOTHt ELLI SON t + (MCHS+DARE)
G IACOMELL I + ( BGNA+GL AS+ROM A+ T R ST )
GIACOHELLI t+ l BGNA+GL AS+ RONA+ T RST )
G IACGNELL I t GR IF I THSt + ( BGNA+GL AS+RGMA+TRST)
LONDON {BNL ) I JP
ALEXANDERt BAR-NIRt BENARY+ ( TELA+ HEI 0) I JP
+HOTCHKISS t W ICKENSt BENTLEY+ (RHE L, B IRM)

W 1
W

W 1
W 2

W K
W K

l 520~0}
t 397 ~ 0)
( 557 ~ 0)
(120 )
( 240 ~ 0)
(190 )
(280 )
( 260 ~ )

SEE THE NO

AY ED 70
AYED 70
AY ED 70
BARNETT 70
COOL 70
AL BROW 7 1
KATO 71
KA TO 71

TES ACCOMPANYING MASSES QUOTEO ~

IPWA
IPWA
IP WA

I PWA
CNTR
IP WA

I PWA
I P WA

K+P
K+P
K+P
P13t SOLN I II

++ K+- TOT A L
++ SOL. GAMMA

SGL I (FIT BW )
SOL I I(FIT BW)

6170
6/70
6/70
9/73
1/71

10/71
10/71
10/71

EXPERIMENTS MAINLY ABOUT
G I ACOME L 72 NP 83 7 577
ARMITAGE 77 NP B 123 11
GLASSER 77 PRO 15 1200
SAK ITT 77 PRD 15 1846

INELASTIC CHANNELS
GI ACGMELLI + ( BGNA+GL AS+ROMA+TRST )
+ASTON ~ DUERDOTH t ELLI SONtF I TTON+ (MCHS+DARE )
+SNOWt T REVVETTt BURNSTE IN t FUt P ETR I+( UHD+ I I T)
+ SKELLY t THOMPSON ( BNL) REE (1787. )

REE 3 (1796 )
REE 3 SUPER SEDES ARNDT 74

ARNDT
ARNDT

74 DP WA

78 DP)tA
K+ P ELASTIC
K+ P

97 Zli)'( 1900) REAL PART OF POLE POSITION 4175

4/75
3/79+
3/79+

97 Zl&( 1900) -IMAGINARY PART GF POLE POSITI ON 4/75

THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K+ N

THRESHOLD SEE HIRATA 68 AND 70. WI LSON 72 AND
GIACOMELLI2 73 REPORT PARTIAL WAVE ANALYSES
AARON 73 CLAIMS A RE SONANCE IN A MODEL DEPENDENT
PWA. SEE ALSO Z0(1780)

IHE
I ME 3

(100 )
(101~ )

ARNOT
ARNOT

74 DPWA
78' DPWA

97 Z+ 1( 1900) PARTIAL DECAY HODE S

K+ P ELAST IC
K+ P

4/75
3/79+

96 Zii'0 ( 1865 ) MASS ( MEV )

{1860 0) (15 0) CARTE'R
l1868 0) (10 ~ 0 ) CGGL
(1830.) AARON

1 (1840 ~ ) CARROLL
1 FIT2=FIT OF L~l AND L=2 BWS TO I=O TCS
1 SEE ZO( 1780) FOR F IT 1 AND L= 1 PART OF

67 THEO
70 CN TR
73 MP WA

73 CNTR
F ROM o 4-1 ~ 1
F IT 2

DISPERSION REL. 8/67
K+P t 0 TOTAL 8/67
I=0 KN 6-1.6G/C 9/73
KN I=O TCStFIT 2 9/73
G EV/C 9/73

9/73

Pl
P2

2+1{1900 ) INTO K N
Zii'I {1 900 ) I NTG Niii3/ 2( 1232) K

97 Z&1( 1900) BRANCHING RATIOS

DECAY HASSES
493+ 938

1232+ 493

W

W

W

W 1

( 200.0)
( 160~ 0)
(100~ )
{75.)

(50 ' 0)
(30' 0)

CA RT ER 67 THEO
COOL, 70 CNTR
AA RON 73 HP Wk
CARROLL 73 CNTR

96 Z&0(1865) WIDTH (MEV )

8/67
8/67

I =0 KN ~ 6-1 6G/C 9/73
KN 1~0 TC StF IT 2 9/73

Rl
Rl
Rl 1
Rl 1
Rl 1
Rl 2
Rl
Rl
Rl K

Rl

Z&1( 1900) I NTO ( K N) /TOTAL
(0 ~ 10 ) OR LESS
(0 16)
(0~ 20)
(0 ~ 17 )

( ~ 12)
(0 12 ) (ASSUN ING J=3/2)
(0 ~ 15 )
{0 ~ 22)
(0 27)

CARTER
AY ED
AYED
AYED
BARNETT
COOL
AL BROW
KA TG
KA TG

(Pl )
67 THEO DISPERSION REL ~

70 IPWA
70 IPWA
70 IPWA
70 I P'WA P13t SOLN I I I
70 CNTR ++ K+P TOTAL
71 IP WA ++ SGL ~ GAMMA

71 I PWA SOL I(F IT BW )
71 IPWA SOL II{FIT BW)

8/67
6/70
6/70
6/70
9/ 73
1/71

10/71
10/71
10/71

Pl
P2

96 Z+0( 1865) PARTIAL DECAY MODE S

Z+0 ( 1865 ) INTO K N

2+0(1865) I NTQ N K& (892)

DECAY MASSES
493+ 939
93 8+ 892

R2
R2
R2

SEE NOTES ACCOHPANYING THE MASSES QUOTED

Z&1( 1900) I NTO K N+3/2( 1232) (P2)
HAIN INELAST IC DECAY BI AND 67 HBC ++ 8/67

NO EVIDENCEt SPEED HAS MINIM GRIFF ITHS 72 HBC K+P 9-1 5 GEV/C 3/72

96 Z+0{ 1865) BRANCHING RATIOS

Rl Z&0( 1865) INTO (K N) /TOTAL
Rl ( 155) t 025)
Rl ( 115) ( +025)
Rl 1 ( ~ 08 5)

R2
R2

Z&0( 1865) I NTO N K+ f 892)
MAIN INELAST IC DECAY HI RATA 68 HBC

(P2 )
11/68

(Pl )
CA R TER 67 THEO I F J=3/2 9/73
COOL 70 CNTR IF J=312 9/73
CA RROLL 73 CNTR I F J=3/2 t F IT 2 9173

BLAND
CARTER

67 PRL 18 1077
67 P RL 18 801

AYED 70 PL 328 404
BARNETT 70 U HDt RPT 70-101

ALSO 70 DUKE 443
COOL 70 P R 01 1887

ALSO 66 PRL 17 102

REFERENCES FOR ZAE(1900)

+BGWLERtBRGWNt G+S GOLDHABERt 5 EEGERt+ ( LRL )
A A CARTER t CAVEND ISH)

+BAREYRE t FELTESSE t VILLET l SACLAY) I JP
BARNETTt GDLDMANt LAASANEN ~ STEINBERG ( UMD ) I JP
BARNETT GOLDMAN LAASANEN, STEINBERG (UMD) IJP
+GIACDMELLIt KYCIAt LEONTIC t LI t + (BNL) I
COOL t GI ACQMELL It KYC I A ~ L EONT ICt LI + l BNL)

CARTER 67
HI RA TA 68
COOL 70

ALSO 66
ALSO 69

AARON 73
CARROLL 73

PRL 18 801
PRL 21 1485
PR Dl 1887
PRL 17 102
PL 308 564
PRO 7 1401
PL 458 531

REFERENCES FOR Z+0 (1865)

A A CART ER (CAVENDISH)
HI RATA, WGHL, GGLDHABER, TRILLING ( LRL )
COOL t G IACOHE LL I t KYCI A t L EON TIC t LI + l BNL)
+G I ACQMELL It KYCI At L EONT ICt Lj t LUNDB Yt + ( BNL ) I
ABRAMStCOOLtGIACOMELLI ~ KYCIAtLI + (BNL)
AARGNt R ICHt HOGANt SRI VASTAVA ( LASL+NEAS) I JP
+KYCIA tLI t MICHAELt MOCKETTt RAHM+ (BNL) I

PAPERS NOT REFERRED TO IN DATA CARDS

GRIFF I TH 72 NP 838 365
MILLER 72 NP 837 401

ARND T
ARNDT

74 P RL 33 987
78 PRD 18 3278

AL BROW 7 1 NP 830 273
ALSO 70 DUKE 375

KATQ 71 H E PHEN. t MDRIOND
ALSO 70 DUKE 367
At SO 70 PRL 24 615

ARNOT tHACKMANt RGPERt STE INBERG
ARNDTt ROPE Rt STEINBERG

(VP It UMD) IJP
( VP I t VMD}

PAPERS NOT REFFERED TO IN Zii'1 DATA CARDS

+ANDERSON t ALMEHEDt ~ ~ ~ tUDOt WAGNER (CERN) I JP
ERNEtSENStWAGNER (CERN ) I JP
+KOE HLER t ~ ~ t YOKOSAWA+ BURLESGN (ANL t NWES ) I JP
A ~ YOKOSAW A {ANL) I JP
KATO ~ KOEHLERt NOVEY t YOKGSAWA+ l ANLt NWES ) IJP

+HIRATAt HUGHES + {BGNA+GLAS+ROHA+TRST)
+NOVEYt YOKQSAWA tCUTKOSKY + t ANL+CARN+NWES ) I JP

HI RATA 70 OUKE 429
AARCN 71 PRL 26 407
HI RATA-1 71 NP 833 445
GI ACOMEI 72 NP 837 577
WILSON 72 NP 842 445

+GGLDHABER t SEEGER t TR I LL ING+ WOHL ( LRL)
+AHA DO+S ILBAR t NEAS t P ENN ~ LASL ) IJ P
+GOLDHABER tHAI-L t SEEGER t TRI LLI NGt WOHL l LBL )
GIACGMELL I + ( BGNA+GLAS+ROMA+TRST)
+GRI FFI THS tHI RATA + ( BGNA+GLAS+ROMA+TRST }

TOTAL-CROSS-S ECTION EXPER IMENTS
BUGG 68 P R 168 1466 +GILMOREt KNIGHTt + {RHELt BIRMt CAVE ) I
BGWEN 70 PR 02 2599 +CALDWELL DIKHEN JENK INS KALBACH +(ARIZ ) I
BOWEN 73 PR 07 22 +JENKINSt KALBACH ~ PETERS EN + l ARI Z+HICH)
CARROLL 73 PL 458 531 +KYC IAt Llt MICHAELt MOCKETTt RAHM+ ( BNL)
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Baryons
Z (1900), Z (2150), Z (2500), A.'s and Z's

Data Card Listings
For notation, see key at front of Listings.

A K-HATRIX ANALYSIS OF SOHE OF THE EARLY K+P DATA
HI TE 67 THE S I S G E HITE

THEORET ICAL A ND HGDEI DEPENDENT ANALYSES
CARRERAS 70 NP 8 19 349 8 CARRERAS t A DONNACHI E
AL COCK 73 NP 856 301 AL COCK r COTT INGHA M

ALCQCK 76 NP 8102 173 ALCOCK r CQTTI NGHAHr DAV IS
ALCGCK 78 J ~ PHYS ~ G 4 323 ALCOCKrCQTTINGHAMtDAVI S

( ILL I NQ I S )

( DAR ES BU RY r MCHS )
(BRIS}IJP
fBRIS)IJP
(BRIS)IJP

ABRAHS 70 PR Dl 1917
ALSO 67 PRL 19 257

REFERENCES FOR Zryl {2150)

+COOL y GI ACQMELL I y KYC I Ay I EGNT IC t L I + ( BNL)
ABRAHS COOL GI ACOMELLI KYCI A L EONT IC+ ( BNL )

EXP ERIHENTS MAI NLY ABQUT
BLAND 68 UCRL-18131 THESIS
BLAND 69 NP 813 595
BL AND 70 NP 8 18 537

BLAND 69 AND BLAND 70 REPL
HI RATA-1 71 NP 833 445
BRUNET 72 NP 837 114
GR IFF ITH 72 NP 838 365
LC KEN 72 P R D6 2346
BERT HQN 73 NP 863 54
LEHI S 73 NP 860 283
LESQUOY 75 NP 899 346
MUSGRAVE 75 NP 887 365
GIACGM-2 76 NP 8111 365
ARMITAGE 77 NP 8123 11
GLASSER 77 PRO 15 1200
SAKI T T 77 P RD 15 1846

I NELASTI C CHANNELS
R H BLAND ( LRL)
+BOWLER BRQWNy KADYK GQLDHABER + I LRL }
+BOWLER r BROHNr GOLDHABERy (LRL)
ACE BLAND 67 AND BLAND 68 ~

+GOLDHABERtHALLr 5EEGERy TRILLINGy WOHL (LBL )
BRUNET NARJQUX DANYSZ+(CDEF+SACL+LGIC+LGHC }
+HIRATAy HU GHESr JACOBS+( BGNAy GLAStROMA y TRST) I JP
+BARISHrGOMEZr DAVIESySCHLEINy+ {CIT,UCLA)
BERTHQNr HONTANETyPAUL r SAETRE+ (CERN+ SAC L)
LEWIS r ALLENy JACOBSr DANYSZ+ {LOHC+LOI C+CDEF )
+MULLER TRI ANTI S BERTHGN+ ( SACL+C ERN) I JP
+P EETERSy SCREINERt HHITMGREy YUTA (ANL}
GI ACOMELLI+MANORI OLI + ( BGNA+GL AS+ROM A+I RST }
+ASTONy DUERDOTHr ELLI SGN yF I TTON+ ( MCHS+DARE)
+SNOHy TREVVETTt BURNSTEINy FUt PETRI+(UHD+ I IT}
+SKEt.L Yt THGHP SON (BNL)

94 Z+1(2500) MASS ( MEV )

2 500 ~ 20 ~ ABRAHS 70 CNTR ++ K+P TOTAL

94 Z+l(2500) HIDTH (MEV)

Zt(2500) o~ z~z(oooo, Jr= & r=&

A SHALL BUHP IN TOTAL CROSS SECTION AT
PK=2 ~ 7 GEV/C

10/71

{160~ ) ABRAMS 70 CNTR ++ K+P TOTAL 10/71
THE

CARROLL
ANGE RS-1
ANDERS-2
AS BURY
BLAND
BARBER
Gi ACCMEL
HALL
REBKA
ADAMS
BARN ETT
EHRL ICH
HH I THQRE
ADAMS
CHARLES

ALSO
CANYSZ
ADAMS
BARBER
BAR NETT
CHARLES
CA MERGN
YUTA
ABE
ADAMS
PATTON

MAI N ELASTI C SCATTE
68 PRL 21 1282
69 PL 288 611
69 PL 308 56
69 PRI 23 194
69 PL 298 618
70 PL 328 214
70 NP 820 301
70 DUKE 435
70 PRL 24 160
71 {yR D4 2637
71 PL 34B 655
71 PRL 2e 925
71 PR 03 1092
72 NAL P AP ER 326
72 PL 408 289
72 NAL PAPE R 287
72 NP 842 29
73 NP 866 36
73 NP 86 1 125
73 PRD 8 2751
73 PURDUE CONF e 179
74 NP 878 93
74 NP 881 189
75 PRD 11 1719
75 NP 887 41
75 PRt. 34 975

RIiNG AND POLAR IZAT ION EX PERI HENT S
+F ISCHER y LUNDBY, PHI LLIPS y + ( BNL r RCCH}
ANDERSSGNt DAUHt ERNEt LAGNAUXr + {CCRN)
ANDERSSGNr DAUHt ERNE r LAGNAUX r + {CERN)
+DOHELLt KATGt LUNDQUI STt NGVE Yy +(ANL r UHD)
R H BLANDr G GOLDHABERt G H TRIt L ING (LRL }
+BROGHE r DUFF t HEYHANNt IMRIE r+ (LGUCt RI-EL) I JP
GIACQHELL I ~ GRIFF ITHSt (BGNAr GLASyROMAy TRST) I JP
+BLAND, GCLDH ABER, T RI LLI NG (LRL )
+RGTHBERGr ETKINSr GLQD ISr + ( YALE) I JP
+DAV I ESy DOHELLr GRAYERt HATTERS+ {BII{M+RHE L)
+LAASANENt ST EINB ERG + ( UMD+A NL+NWES+FNAL )
+ETK IN r GI ODI Sy HUGHES rKG NDG r LU t MORI+ ( YALE)
+ABRAHSr E I SEhfSTE I Nr K IHy QHALLORANr + ( It.L }
+COXt DAVI E SyDOHELL tGRAYER + (8 IRH+RHEL )
+COWANy EDWARDSy GIBSGNy+ (BR ISyRHELy SHHP)
CHARLESyCGHAN ~ EDWARDS + (BRIS+RHEL+SHHP)
+PENNEYr STEHARTr THOMPSON ~ + (LGICyCDEFy LCWC)
ADAMSt CGXt DAY IES t DQHELL r+ ( 8 I R H+ R HE L ) I JP
BARB ER y 8 ROOME y B USZ A r DA VI ES r DUF F+ ( LOU C+ RHEL )
BARNETTy LAASANEN+ ( UMD+ANL+NWE S+F NA L)
CHARLES r EDWARDS r + ( S HHP+AA RH+RHEL+BRI S )
CAHERONyHIRATAy JENNINGS r+ (GLASrBGNAt TRST) I JP
YUTAy BOCKt HUSGRAVEtPEETCRSy SCHREINERr+(ANL) I
+BARNETTy GOLDMAiN r LAA SAN EN+ (UHDr ANL }
+CARTER, COOK r GLASS r GREE N (HASH)
+BARI-ETTA r EHRL ICHt ET KIN+ (Y AL Er TOKYy BNL )

Pl

94 Z+I( 2500) PARTIAL DECAY MODES

Z&l (2500) I NTG K N

DECAY MASS ES
493+ 938

ABRAMS 70 PR Dl 1917
ALSO 67 PRL 19 257

REFERENCES FQR Zo{'I (2500 )

+COOL rGIACOMELLI yKYCIAr LEQNTICrLI + (BNI )
ABRAMS tCGOLt GI ACGHELLI r KYCI Ar LEONTIC+ ( BNL)

94 Z+ 1 ( 2500} BRANCHING RAT I GS

Rl Z&1(2 500) I NTG ( K N) /TOTAL (Pl)
Rl J I S NQT KNGWNr THE FGLLOHING I S ( J+1/2) +Pl
Rl f0 03) ABRAHS 70 CNTR ++ K+P TOTAL 10/71

PAR
CARRERA 1

ALSO
ERNE
LEA
LGVELACE
CUTKOSKY
EHRL ICH
MARTIN
MART IN
CUTKQSKY
GI ACOM-1

TI AL-WAV E ANALYS ES
70 NP 823 5Z5
70 DUKE 447
70 DUKE 375
71 Np 82e 413
71 NP 82 8 141
72 NAL PAPER 210
72 NAL P AP ER 447
72 PRE PR INT
75 NP 894 413
76 NP 8102 139
76 NP 8110 67

f SEE ALSO ADAMS 73 AND CAMERON 74}
8 CARRERASt A DQNNACHIE (DARE) IJP
+OQNNACHI E r K IRSOPP ( 0 A R E+ HCH S+ E DI N )
+S ENS y WAGNER (CERN}I JP
+MAR TI N THOMPSON (RHELtLCUC) IJP
+W AGNER {CERN) I JP
+HICKS t KELLY ~ SHI Hy JGH'NSQN f CARN+It. L+ANL )
+ETKINrGLODI St HUGHES yLU yPATTQN + {YALE)
8 ~ R ~ HART I Ny C ~ E ~ M ILL ER ( LQUC )
8 R MARTI N {LGUC )
CUTKOSKYy HICKSyKELLYy+ ( CARN+I, I T+ANL) I JP
Gi ACQ HE LLI + MAND RI GL I (BGNA+GLAS )IJP

Zg CROSS SECTION LIMITS

SEE HINIREVI EH PRECEDING Zoo

CS UNITS MICRGBARNS
CS LE SS THAN 50 ~

CS A L ESS Tj'.AN 2 + 3
CS A ABOVE L IM IT FOR
CS 8 LESS THAN 1 ~ r +1 ~ 9
CS 8 ABOVE L IM IT FQR

BASSGMPIE 68 HBC K+P TO Zoy+ PI+
—~ 1 ANDERSON 69 ASPK + PI-P TQ K-Zo{'+

Mt-1 2 TO 1 ~ 4 GEV — CL~ 99 P C
—~ 5 ANDERSON 69 ASPK + P I-P TO K-Z&+

M=1. 5 TO 2. 5 GEV

10/69
10/69

10/69

EARLIER ANALYSES THAT DO NOT INCLUDE RECENT POLAR IZATION DATA
LEA 68 PR 165 1770 LEAr MARTINy OADES ( R HEL r BNL ~ C ERN )
HART IN 68 P RL Zl 1286 8 R HARTIN ( BNL)
CUTKQSKY 70 PR Dl 2547 R E CUTKOSKYy 8 8 DEQ (CARNEGIE-MELLON)

BA SSOMP I 68 P L 27 8 468
ANDE RSGN 69 PL 298 136

REFERENCES FOR Zy'1 CROSS SECT I GN L IM ITS

BASSGHP I ERREy + (CERNt BRUXELLES)
+BLE SERr BI I EDENr CGLLI NS t + ( BNLy CARNEGIE }

t.AT EST
LE VI SETT 69
GQLDHAB E 70
QGWELL 72
LOVELAC E 72
DQHELL 73
CUTKOSKY 74
KELLY 75
URBAN 75
MARTIN 76
KELLY - 78

REVIEW TALKS AND PAPERS
LUND CONF 341 R LEVI SETTI (RAPPORTEUR}
DUK E 407 G GGLDHABER ( RE VI E WE R)

NAt. REVIEW REV I EH T ALK IN BARYON S ESS ION
NAL REVIEW RAPPORTEUR' S TALK

PURDUE CONF 157 DQHELL
LCNDON CONF I I-54 CUTKOSKY
ANL-HEP-CP-75- 58 RE VIEW TALK I N BARYON SESS I QN
PL 608 77 URBAN
OXFORD CONF ~ 409 RAPPORTEUR ~ S TALK
HUPO-7813 44 HTG ~ GN EXOTIC RESONANC ES r HIRGSHI

{CHICAGO )
( LRL)

(8IRM)
{RUTG)
( 8 IRM)
{CARN )

( LBL)
( LBL)

(LGUC)
MA {LBL)

PAPERS NGT REFERRED TO IN DATA CARDS

TYSON 67 PRt. 19 Z55 +GREENBERGyHUGHE S r LU r HI NEHART t HQRI r ( YALE)
MORI 68 PL 288 152 +GREENBERG yHUGHE Sr LUr ROTHBERGr + (YALE)
MORI 69 PR 185 1687 +GREENBERG HUGHES LU MINEHART + ( YALE )

HOR I 69 REPLACF S TYSON 67 AND MORI 68

QQQ Q){c+QQQ

Pl

Rl
Rl
Rl

Zt(2150) 93 Zel(2150, JP= ) I=I

A SMALL BUMP IN TOTAL CROSS SECTION AT
PK=1 ~ 8 GEV/C

93 ZA 1{2150) MASS (MEV)

2). 50. 20 ' AS RAHS 70 CNTR ++ K+P TOTAL

(175. )

93 2+1(2150) WIDTH fHEV)

ABRAHS 70 CNTR + K+P TOTAL

93 Z'y 1(2150) PARTIAL DECAY HODES

Z+1{2150) INTO K N

DECAY MA SSES
49 3+ 938

93 2+1 (2150) BRANCHING RAT IOS

Z&1(2150} INTO {K N)/TOTAL (P 1)
J I S NQT KNQHNr THE FOLLOWING IS ( J+1/2) +Pl

(0 04} ABRAHS 70 CNTR + K+P TOTAL

10/71

10/71

10/71

Note on A's and Z's

The number of confirmed. resonances is still
increasing, but very slowly; in l978, we added three
more states. to the Y* portion of the Baryon Table,
and there has been no further increase this year.
There remains, however, a large number of proposed,
but unconfirmed resonances, and some of the states
we enter in the Data Card Listings may really be

more than one resonance.
*yAll the Y 's proposed in the last few years

are only weakly coupled to their two-body decay
channels KN, ATt, and ZTl. I or this reason they
appear as very small peaks or make no appearance
at all in invariant mass distributions. Rather,

Rev. Mod. Phys. , Vol. 52, No. 2, Part Il, April 1980
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Data Card Listings
For notation, see key at front of Listings.

Baryons
A.'s and E's

when the two-body reactions KN ~ KN, KN ~ ATl, and

KN ~ ZTl are partial-wave analyzed, some of the

amplitudes are found to traverse resonance-like
counterclockwise circles. The results of partial-

Pwave analysis give J information, whereas a peak

seen in an invariant mass distribution or a total
cross section often cannot be analyzed for its
quantum numbers. Ne will keep information coming

from formation experiments and from production

expe riments separate whenever necessary.
Formation Experiments

Partial-wave analyses have been performed

mainly for the channels KN, ATi, and ZTr; a few

results exist also for ™K,A(d, and some quasi-two-
body channels. With a few exceptions (e.g., BAILLON

75 and VANHORN 75 for the ATl channel), the great.
majority of the analyses done so far cover rather
narrow energy ranges, usually corresponding to a
single bubble chamber experiment. A disturbing
feature that appears when examining the partial
waves obtained in such analyses is that they do not

always join smoothly with the partial waves given

in analyses done for the same channel over a

different energy range.
Nore ambitious analyses treat all channels

simultaneously so that unitarity constraints are
auto'mat. ically obeyed and the resonances appear with

the same masses and widths in the different channels.

The multi-channel analyses done prior to 1974 (KIN

71, LANGBEIN 72, and LEA 73) included the three
two-body channels KN, ATi, and ZTi, and were carried.
out in the mass range 1.5 to 1.9 GeV. This is the
mass range of a part:icular bubble chamber experi-
ment (AHNENTEROS 68), the only one which at that
time had relatively good statistical accuracy.

In recent years, additional experimental
.results have been obtained. Bubble chamber experi-
ment:s now exist with better statistics in the mass

range already considered (HENINGNAY 75, RLIC 77)

and with somewhat lower statistical accuracy up to
a mass of 2. 5 GeV (BELLEFON1 75, 2 75, 77, and 78}.
However, the most important recent contributions to
this field, for the KN channel at least, are from

electronic counter experiments. These provide
results which are di fficult if not impossible to
get in a conventional bubble chamber experiment.

They include high-statistics measurement of t:he
0 1 ~ . . 2K p ~ K n total and differential cross section

at low energies, K p elastic polarization measure-
3ments, and K n clast;ic angular distr ibutions

(DECLAIS 77 and Ref. 4).
@e may hope that improved partial-wave

analyses over a wide energy range will be performed
in the near future in order to disentangle the
rather unsatisfactory present situation. Even

though the unconfirmed resonances (one- and two-

star states in Table 1) are often "seen" in several
analyses with more or less compatible parameters,
the corresponding partial-wave behavior is often
very different. in each of these analyses. Thus

the confidence one has in the existence of these
resonances is rather weak.

The three more recent analyses are discussed
below. Two of them are multi-channel analyses,
fitting data from the three channels, KN, ATl, and

ZTT, and covering a wide mass range.

a) In the analysis of the Rutherford Laboratory-

Imperial College collaboration (RLIC 77) the mass

range extends from 1480 to 2170 NeV. The data used

have been carefully selected in order to eliminate
inconsistencies (usually the older and statistically
less accurate points have been rejected). Angular

distributions were directly used in the fit except
when the quality of the data was such that no loss
of information occurred by using Legendre coeffi-

0 0cients (e.g. , K p ~ Z Tl ). In this work, a conven-

tional energy-dependent analysis is performed first
for each of the three channels (KN, ATl, and ZTI).

As usual, the presence of a resonance in a partial
wave is detected by comparing the goodness of the

fit when this wave is parametrized as a smooth

background to the alternative fit when a Breit-
Wigner is added to the background. The three
separate fits are then considered together in order
to obtain a real multi-channel analysis. Internal
consistency requires that the masses and widths of
the resonances be the same in each of the three
channels. The final fit has been done with these
resonance parameters fixed and equal to a "weighted

average" o f the three values.
Some suspected resonances are confirmed by

this analysis, but. many other reported "r sonance

Rev. Mod. Phys. , Vol. 52, No. 2, Part I 1, April 1980
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Sary ons
A's and Z's

Data Card Listings
For notation, see key at front of Listings.

00 IM(S11) .50 IM(S11)

0 I I I I I
I I I f I I I

1600 1700 1900 2100

.26-

1600 1700 1QDO 2100

.25-

2100
I

1600 1700 1900
ENERGY (MeV)

—.50
I

0 I I I I I I I

0 .25 —.Z6 0 , 26 .60 1600 1700 1900 2100
RE(S11) ENERGY (MeV)

—.50-
—.60 —.26 0 .26 —.25 0 .25 .50

I I I l I I I

RE(S 1 1)
1600-- 1500-- 1500-- 1600--

1700- KN KN S 1 1 AMPLITUDE
17 1700— KN~7rZ S1 1 AMPLITUDE

-- 1900 1900—

--210D --2100 --2100

ENERGY (MaV) ENERGY (MeV) E NERCY (MaV) ENERGY (MeV)

.50- IM(S11)

~1700 190~0 2100
0 I I I t I

1 600

.26-

100

.26-

.60-
—.50 —.25 0 .26 —.25 0 .26 .60

I I I l

RE(S11)

Fig. 1. Amplit:udes for KN scattering in the Sll
partial wave. The energy dependence of each ampli-
tude is displayed by plott:ing its real and imaginary
parts versus energy, in alignment with the corre-
sponding Argand plot. In addition, arrows with
bases positioned at int:egral multiples of 50 MeV
and a base-to-tip length of 5 MeV are plotted on
the Argand plots, and the only established resonance
in this wave, the Z(1750), is indicated. The results
of two different analyses are shown for each channel;
the energy axes all run from elastic threshold to
2200 MeV and are aligned for ease of comparison.
The lower plot for each channel is from RLIC 77.
The upper plot is from ALSTON 78 for the elastic
channel and from MARTIN 77 for the inelastic
channels.-- 1500 --160D

—1700 --1700 KN~7TA S11 AMPLITUDE

—1900 --1900

--2100 --2100

ENERGY (Mev) ENERCY (MaV)
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Baryons
A's and Z's

.30- ir(P11).50"Ix(pi i)

15-

21001600
0

&{1660)

E(1660)

I

I

I

I

l

I

!

l

I I I I I
15QQ 17OO 19OO 21OO

1000 1700 1000
I

Z100

lie v)—16-.16-

I r(rsss)
—30-

0 16—.16
I

.16
I

—
~ 16 0—.3D

I I

RE(P11)
16

I

—.30 —.15 0

- 1500
RE(P11) -- 15001500—--1600

KN~7YK P 1 1 AMPLITUDEKN~KN P 11 AMPLITUDE 170D--1700-1700-1700-

1900--1900-1900—

Zioo---2100-Z1002100--

ENERGY (llaV)ENERGY (ileV)ENERGY (Mav)ENERGY (llaV)

IM(P 1 1)

Fig- 2- A plitudes for KN scattering in the pll
partial wave. The energy dependence for each ampli-
tude is d'isplayed by plotting its real and imaginary
parts versus energy, in alignment with the corre-
sponding Argand plot. . In addition, arrows with
bases positioned at integral multiples of 50 MeV

and a base-to-tip length of 5 MeV are plotted on
the Argand plots, and the only established resonance
in this wave, the Z(1660}, is indicated. The results
of two different analyses are shown for each channel;
the energy axes all run from elastic threshold to
2200 MeV and are aligned for ease of comparison.
The lower plot for each channel is from RLIC 77.
The upper plot is from ALSTON 78 for the elastic
channel and from MARTIN 77 for the inelastic
channels.

1600 1700 1900 Z100
I I I I0-—
I I I I I I I

E(1660) —.16-

15DO 1700 1900 2100
0 I I I I I I

—.16-

—.30-
.16 .30

I r

0 . 15 —.16
I I I I

RE(F11)
-- 1600

—.30 —.15

-- 1600

KN~7rA P 1 1 AMPLITUDE1700—1700

-- 1900

--21002100--

ENERGY (MaV)ENERGY (ilev)
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Baryons
A's atid Z's

Data Card Listings
For notation, .see key at front of Listings.

.eo- na(p13) 30"I M (P 13)

15-

1600 1700 190Q 2, 1QQ
I I I J I I0

—.16-

,

' 16'OO
I I I I I1700 1900 2100

0"

—.16-

1600 1700 1900 2100
I I I I I

ENERGY (lieU)

—,30 —.16
I

.16 —.16
I I I

RE(P13)

, 16
I

-- 1600

0
.30 1600

I I I I I I

1700 1900 2100
ENERGY (XeV)

—.30
I

—.16 0
l

1600--

.15 —.16
t I

RE(P }3)
1600--

16
—.30
.30

I

1700-- KN~KN P 13 AMPLITUDE 1700-- 1700-- KN~7TZ P 13 AMPLITUDE

190 1900-- 1900-- 1900--

3100-- 2100-- 2100-- 2100 q-

ENERGY (MeV) ENERGY (bleV) ENERGY (XeV) ENERGY (XeV)

.30- I11(P13)

—,30 —.15
I

0 .16 —.16
RE(F13)

-- 1600

--170Q

I I I I0 r I I

1600 1700
I I {

1900 2100

I I I
I I I

1700 1900
ENERGY (ldeV)

2100

—.30
0 .16 .30

00

KN~7TA P13 AMPLITUDE

Fig- 3- A plitudes for KN scattering in the pl3
partial wave. The energy dependence of each ampli-
tude is displayed by plotting its real and imaginary
parts versus energy, in alignment with the corre-
sponding Argand plot. In addition, arrows with
bases positioned at integral multiples of 50 MeV
and a base-to-tip length of 5 MeV are plotted on
the Argand plots. The only established resonance
in this wave, the Z(1385), lies below elastic
threshold and is not shown. The results of two
different analyses are shown for each channel;
the energy axes all run from elastic threshold to
2200 MeV and are aligned for ease of comparison.
The lower plot, for each channel is from RLIC 77.
The upper plot. is from ALSTON 78 for the elastic
channel and from MARTIN 77 for the inelastic
channels.

1900

--2100 2100--

ENERGY (MeV) ENERGY (igeV)
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Data Card Listings
For notation, see key at front of Listings.

Baryons
A's and Z's

.5O- IM(D13) Z(1940 E(2670)
.3O- IM(D13)

E(1670)

1600
0 1 1 I l 1

1700 1900 2100

—15-

1600 1700 19OO
Z(1670)

.16-

Z(1670)

.30"

.16-
E(1940)

—.15-

iSOO iVDO ~ 2&OO

ENERGY (hleV)

—,30
I

—.15
I

0 .15
I

RE(D13)
1500--

—.16
I

)-ieoo

.16
I

0- ( I I I I

.30 1600 1700 1900 2100
ENERGY (ileV)

—.30
I

—.15 0 .16 —.16 0
I I I

RE(D 13)
1600-- -'- I coo

—.30-
, 16 30

KN~KN D 13 AMPLITUDE KN~7rZ D13 AMPLITUDE
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Fig. 4. Amplitudes for KN scattering in the D13
partial wave. The energy dependence of each ampli-
tude is displayed by plotting its real and imaginary
parts versus energy, in alignment. with the corre-
sponding Argand plot. In addition, arrows with
bases positioned at integral multiples of 50 MeV

and a base-to-tip length of 5 MeV are plotted on
the Argand plots, and the established resonances
in this wave, the Z (1670) and the Z {1940), are
indicated. The results of two different. analyses
are shown for each channel; the energy axes all run
fror(2 elastic threshold to 2200 MeV and are aligned
for ease of comparison. The lower plot for each
channel is from RLIC 77. The upper plot is from
ALSTON 78 for the elastic channel and from MARTIN
77 for the inelastic channels.
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Baryons
A's and Z's

Data Card Listings
For notation, see key at front of Listings.

.50- IM(D15) .30- Ihi(D16)

E(1'V6S)
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l

1

I

I

I

170D 1900
Z(1765)

—.15-

1500 2100
I I I

I

1700 1900
ENERGY (bieV)
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0 .1S .30 1600 1700 1900 2100
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I

0 .15 —,16 0
1 I I
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.16
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.30

KN~KN D15 AMPLITUDE 170 1700- KN~7TE D15 AMPLITUDE

00 -1900

——2100 2100--

ENERGY (MeV) ENERGY (MeV) ENERGY (Mev) ENERGY (hkeV)

.30- Ih((D15)
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—.16 0
I

-- I 500

.15-

1600 170D 1900 2100
0 I I I I I I I I

I I I I 1 I

1600
0 I

I

ENERGY (MeV)

1700 1900 2100
I I I I

I I I I

—.30-
.16 —,16 0 .1S .30

RE(D 15)

~ ~Fj g. 5. Amplitudes for KN scattering in the D15
partial wave. The energy dependence of each ampli-
tude is displayed by plotting its real and imaginary
parts versus energy, in alignment with the corre-
sponding Argand plot. In addition, arrows with
bases positioned at. integral multiples of 50 NeV
and a base-to-tip length of 5 NeV are plotted on
the Argand plots, and the only established
resonance in this wave, the Z(1765), is indicated.
The results of two different. analyses are shown for
each channel; the energy axes all run from elastic
threshold to 2200 NeV and are aligned for ease of
comparison. The lower plot for each channel is
from RLIC 77. The upper plot is from ALSTON 78
for the elastic channel and from NARTIN 77 for the
inelastic channels.
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Rev. Mod. Phys. , Vol. 52, No. 2, Part II, April 'l980



Particle Data Group: Review of particle properties S233

Data Card Listings
For notation, see key at front of Listings.

Baryons
A's and Z's

~ 2 Ijl(F16)
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1900- 19 1900-

2100-- 2100 —-
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I

1600 I 700 1900 2100
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Fig. 6. Amplitudes for KN scattering in the F15
partial wave. The energy dependence of each ampli-
tude is displayed by plotting its real and imaginary
parts versus energy, in alignment. with the corre-
sponding Argand plot. In addition, arrows with
bases positioned at. integral multiples of 50 MeV
and a base--to-tip length of 5 MeV are plotted on
the Argand plots, and the only established resonance
in this wave, the Z(1915), is indicated. The results
of two different. analyses are shown for each channel;
the energy axes all run from elastic threshold to
2200 MeV and are aligned for ease of comparison.
The lower plot for each channel is from RLIC 77.
The upper plot is from ALSTON 78 for the elastic
channel and from MARTIN 77 for the inelastic
channels.
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ga,ryons
A. S B.IId Z S

Data, C~y-Q Listings
For notation, see key at front of Listings.

, 4- M(riv) .2- Ix(r 1v)
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I I i I
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. 1
I t
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—. 2
.2
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. 1 —. 1 D
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1600 -r
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I I I0 I 1 I I I I I1700 190O 2&00

1700

ENERGY (MeV)

—.2-
.2

I

F ' 7. Amplitudes for KN scattering in the Fl7lgi
ll, —partial wave. The energy dependence for each amp

tude is displayed by plotting its real and imaginary
parts versus energy, in alignment, with the corre-
sponding Argand plot. In addition, arrows with
bases positioned at integral multiples of 50 MeV
and a base-to-tip length of 5 MeV are plotted on
the Argand plots, and the only established resonance
in this wave, the Z(2030), is indicated. The results
of two different analyses are shown for each channel;
the energy axes all run from elastic threshold to
2200 MeV and are aligned for ease of comparison.
The lower plot for each channel is from RLIC 77.
The upper plot is from ALSTON 78 for the elastic
channel and from MARTIN 77 for the inelastic
channels.
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Data Card Listings
For notation, see key at front of Listings.

Baryons
A's atld Z's
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0 I
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Fig. 8. Amplitudes for KN scattering in the S0l and P0l partial waves. The energy dependence of each
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the
corresponding Argand plot. In addition, arrows with bases positioned at, integral multiples of &0 MeV
and a base-to-tip length of 5 NeV are plotted on the Argand plots, and the established resonances A(l670)
and A(1800) are indicated. The only other established resonance in these waves is the A(1405), which lies
below elastic threshold in the S0l wave and is not shown. The results of two different, analyses are shown
for each channel; the energy axes all run from elastic threshold to 2200 NeV and are aligned for ease of
comparison. The lower plot. for each channel is from RLIC 77. The upper plot is from ALSTON 78 for the
elastic channel and from MARTIN 77 for the T!Z channel.
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Baryons
A's and Z's

Data Card Listings
For notation, see key at front of Listings.
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Fig. 9. Amplitudes for KN scattering in the P03 and D03 partial waves. The energy dependence of each
amplitude is displayed by plotting it.s real and imaginary parts versus energy, in alignment with the
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 50 NeV
and a base-to-tip length of 5 MeV are plotted on the Argand plots, and the established resonances A(1520),
A(1690), and A (l860) are indicated. The results of two different analyses are shown for each channel;
the energy axes all run from elastic threshold to 2200 MeV and are aligned for ease of comparison. The
lower plot. for each channel is from RLIC 77. The upper plot is from ALSTON 78 for the elastic channel
and from MARTIN 77 for the 7t'Z channel.
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D~tg ( ~r(I Listings
For notation, see key at front of Listings.

g~ryons
A's and Z's
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Bary ops
A.'s and Z's

Data Card Listings
For notation, see key at front of Listings.
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.2-
16000-—I

I

1700
I I I
I I I I I I

1900 2100

—.2
I

l

I

l

I

--1600

A(2100)
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Fz.g. 11. Amplitudes for KN scattering in the F07 and G partial waves. The energy dependence of each07
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 50 NeV
and a base-to-tip length of 5 NeV are plotted on the Argand plots, and the established resonance A(2100)
is indicated. The results of two different, analyses are shown for each channel; the energy axes all run
from elastic threshold to 2200 MeV and are aligned for ease of comparison. The lower plot for each channel
is from RLIC 77. The upper plot is from ALSTON 78 for the elastic channel and from MARTIN 77 for the TlZ

channel.
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Data Card Listings
For notation, see key at front of Listings.

garyons
A's and Z's

effects" are not. found and new possible resonances
are proposed. The situation in particular for the
low partial waves and for low energy is still very

confused.
The same group has also published analyses for

the main quasi-two-body channels, namely A(1520)Ti,

Z (1385)Tt, and NK* (892) (CAMERON 77, CANERON 78, and

CANERON2 78 } . The statistical accuracy of the data
here is lower than for the real two-body channels,
and only constrained energy-dependent fits have

been made, with most of the well-known resonances

being included with f ixed parameters. Only one new

resonant structure, not observed in real two-body

analyses, is suggested, and this is seen in the
NK* channel only. Many new couplings of known

resonances to quasi-two-body channels were found.

b) The analy'sis of B. Martin and N. Pidcock
(MARTIN 77} is a multi-channel energy-dependent,
partial-wave analysis with parametrized K-matrix
elements. The mass range covered is j,.54 to -2 GeV.

I

Here the 3 channels KN, ATl, and ZTi are always
considered simultaneously, a fictitious channel
being introduced to account for the global effect.
of the remaining fina1 states. The Aq and Zg

channels have thresholds within the above mass

range and they may induce a "cusp effect". In
order not to exclude such a possibility, an addi-
tional channel, opening up at the right energy, is
also included. for the S waves. (It is known that
the . inelasticities in the S waves are largely due
to the production of the g meson, and a similar
effect is seen in S-wave TiN elastic scattering. )

These additional channels, for which no data are
fitted, have large cross sections, so it is not
clear if such a multi-channel analysis really
imposes more stringent unitarity constraints than
those already contained in single-channel fits.
For this analysis also, a careful selection of the
available data has been made. The number of data
points which have been fitted amounts to about
12,000. Some of the experimental points have been
renorrnalized in order to suppress unphysical
discontinuities in the data. The various channels
or types of data may have very different numbers of
Data pointy; it would be possible to have a good

2overall X with some pieces of data being badly
fitted. This was prevented by introducing weights

for the various types of data so that each type is
reasonably well fitted.

Resonances can appear as poles of the K-matrix,
but the K-matrix parameters thus deduced are diffi-
cult to compare to those obtained in the more

conventional analyses. Two other methods in which

the resonance parameters are calculated from the
poles of the T-matrix .are also given. We list the
results of these two methods in the Data Card

Listings. It should be noted that no claim for
uniqueness of the proposed solution is made; in
fact, another solution with almost the same X /N

5was presented at the Oxford Conference. This
latter solution has not been retained as it was

not in agreement with present ideas about the low

energy behavior of some waves.

c) The single-channel KN analysis of ALSTON

78 is worth mentioning because it. includes a large
1-3

amount of new data not used by the two analyses
mentioned above. It is a conventional energy-

dependent analysis, covering the mass range l. 5

to 1.94 GeV, which uses a unitary background

. parametrization expressed in terms of scattering
lengths. The cusp effects observed at the Ag and

Zg thresholds are included by the introduction of
a square-root. singularity in the energy variation
of the S-wave resonance widths. All the confirmed

states are observed, but most of the less well

established resonances (one and two stars in
Table I) are neither observed nor required.

D) Other analyses: Preliminary results of a
6

KN single-channel analysis by Hansen et al. have

been reported. They incorporate more theoretical
ingredients than any of the analyses done so far.
We have not yet included these results in the
Listings. In this energy-independent analysis,
invariant amplitudes at fixed t. are used as supple-
mentary constraints in the fit. These fixed-t
amplitudes themselves are computed using dispersion
relations for which not only experimental data but
also a first estimate of the partial waves is
needed. The method. requires that the process of
estimating the fixed-t amplitudes and then the
partial-wave amplitudes be iterated a few times
until full consistency is obtained. This kind of
analysis may eventually provide us with more
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Baryons
A's and Z's

Data Card Listings
For notation, see key at front of Listings.

reliable partial-wave ampli tudes which sat is fy

fixed-t analyticity and crossing.
In the Listings, the resonance parameters

obtained in the latest single-channel analyses are
given. These usually cover a limited mass range,
but include new data not yet incorporated in the
multi-channel analyses described above. In partic-
ular, the Saclay-College de France collaboration
has now published three separate energy-dependent

analyses for the channels KN, ATl, and ZTr extending

up to a mass of 2. 5 GeV (BELLEFON 78, 76, and 77,
respectively) . They indicate that the bumps seen

in total cross sections at, these higher energies
are made up of many resonant states.

For a brief description of the older analyses
we refer to the previous editions of this compila-

tion.
Production Experiments

Production experiments are often difficult to
analyze for the same reasons as mentioned in the
preceding Note on N's arid A' s. I=O states can only
be studied when there is no I=1 state at a similar
mass. In the Baryon Table we only use results from
production experiments for the lower mass states.
Z(1385) and A(1405) lie below the KN threshold.
Production and formation experiments agree quite
w'e11 in the case of A(1520), and thus they have
been combined for this state. There is some

disagreement between the two types of experiment
in the 1600-to-1700 MeV region. See the Z(1620)
and Z(1670) mini-reviews for details.

Figures

Argand plots of fifteen S = -1 partial waves

are shown in Figs. 1 through 11. The analyses

shown were picked largely -"or illustrative purposes

rather than on the basis of our judgment of their
quality; for the KN channel, we chose to show the

amplitudes obtained by RLIC 77 and ALSTON 78, and

for the ATl and ZTi channels those from RLIC 77 and

MARTIN 77.

Errors on Masses and Nidths

Often the quoted errors in partial-wave

analyses are only stat. istical, and the values of
masses and widths can change by more than these
errors when a new parametrization is used. For

this reason we report the values of M, I', and xi

obtained by different authors even if they analyze
the same data. The spread of these masses and

widths is certainly a better estimate of the
uncertainties than the statistical errors.
Sometimes the errors quoted are obtained by the
inspection of various fits done with different
hypotheses (see, for example, BERTHON 70, GALTIERI 70,
VANHORN 75, RLIC 76). For three states, P(1520),
A (1815), and Z (1765), there are enough data avail-
able to perform an overall fit of the various x ~j
of the type discussed. in the main text (Sec. VII B) .
In this case we are forced to use the errors,
however small they may be, but we warn the reader
that the final errors are not to be taken seriously.

In the Baryon Table we choose not to give
errors on masses and total widths determined
primarily by partial-wave analyses, but, whenever

necessary, to show a range of values. As for the
branching ratios, we use the errors when needed
to perform an overall fit, but we caution the
reader.

Conclusions

Table I is an attempt to evaluate the status
of the various Y*'s. The evaluations are of course
partly subjective. A blank indicates that there is
no corresponding evidence at all. This may mean

either that the relevant couplings are small or
that the resonance does not really exist. The

Baryon Table includ. es only the well established
resonances. It seems clear, however, that whereas

any particular one of the questionable resonances
may disappear w'ith the next analysis, there are
probably many new resonances underlying those
already established.
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Data Card Listings
For notation, see key at front of Listings.

BRI'QoIls
A.'8 arid Z's, A, A(1330), A(1405)

TAB{ E I STATUS GF Y+ RESONANCES

THOSE WITH AN OVERALL STATUS OF +++ OR +&&+ ARE INCLUDED IN THE MAIN BARYON
TA BLE THE OTHERS AWAIT CONF IRMAT ION

STATUS AS .SEEN IN

OVERALL TOTALS
PART I CLE LI J STATUS CR ~ SEC. KBAR N LAM PI SIG PI OTHER CHANNELS

37 Y'¹0( 1405~ JPc 1/2-) 1~0
PRQDUC T ION E XPFR I MENTS

THI S RiESGNANCE CAN 8 E IDENT IF IED WITH TH E V IRTUAL BOUND
STATE IN THE KBAR-N SYSTEM FOUND IN THE ANALYSIS OF LOW
ENERGY K-P INT ERACT ION ~ WE L I ST SUCH EXPERIMENTS SE PA-
RATELY BELOW% WE USE ONLY PRODUCTION EXPERIMENTS FOR
AVERAGING OF MASSE S AND WIDTHS

LAM(1115)
LAN{ 1330)

LAN�(1405

)
LAN( 1520)
LAN{ 1600 l
LAN( 1670 )
LAM( 1690)
LAM(1800 )
LAN( 1800)
LAN( 1800 )
LAM( 1800)
LAM( 1815)
LAM ( 1830 )
LAM{ 1860)
I AM( 2010)
LAM(2020 )
LAM( 2100)
LAN{ 2110)
LAM(2325 )
LAM( 2350)
LAM(2585 )

SIG{1193)
SI G(1385 l
SI G( 1480)
S IG{1560 )
SIG(1580)
SIG( 1620)
SI G {1660 )
SI G( 1670)
SI G( 1670)
SI G( 1690)
SIG{1750)
SI G( 1765 l
SI G( 1770)
SIG( 1840)
SI G( 1880 )
SIG( 1915)
Sj G(1940)
SIG(2000)
SI G( 2030 )
SIG(2070)
SIG{2080)
SIG{21JO)
SI G( 2250 )
SI G( 2455)
SI G(2620 )
SIG{3000)
SIG( 3170)

P01

S01
003
P01
S01
D03
S01
P01
G09
PE
F05
005
P03

F07
G07
F05
D03

Pll
P13
PE
PE
D13
Sl 1
Pll
013
PE
PE
Sll
D15
Pll
P13
Pll
F15
D13
Sl 1
F17
F15
P13
G17

PE

F
O

R
8

I
D

D

E
N

F
G

8
I

0
D

E
N

WEAK TO N Pj
LAMBDA G AMN A

LAM2PI y L AM GAM

LAM E TA
LAM2P I ~ S IG2P I
N K+p SI CP PI
N K+

LAM PI PI
S IG( 1385) PI
SIG(1385 ) Pl
N K+g Sj G PI
LAM OMGg N K+

LAM OMG g N K+
LAM OMGg N K+
LAM OMEGA

WEAK TC 0 PI

SEVERAL OTHERS
SEVERAL CTHERS
LAM 2- P I
S IG ETA
SE VERAL OTHERS

N K+
S IG( 1385) P I
QUA S I 2 BODY
N K+g LA Me PI
S EVERAL OTHERS

MU LT I -8GOY

37 YVO(1405) MASS (MEV) (PROD ~ EXP )

(1405 ~ 0 l
(14).0 0)
(1405 ' 0)
( 1 382 ~ 0)

1 400 ~ 0
67 1400 0

120 1405. 0

(8 0)
24 0

5 0
5.0

AL STON
ALEXANDE R
AL STON
ENGL ER
NU SGRA VE
BIRMINGHA
GA LT I ERI

61 HBC
62 HBC
62 HBC
65 HDBC
65 HBC
66 HBC
68 DBC

K-P 1 15 BE V/C
PI-P 2 1 BEV/C
K-P 1 ~ 2 — 5 BEV/C
P I-Pg P 1+0 1 ~ 68 7/66
PBAR P 3-4 BEV/C 7/66
K-P 3 5 9/67
K-D 2 ~ 1-2 ~ 7BEV/C 6/68

~ ~ ~ ~

A VG 1402 ~ 4
STUDENT1 402 ~ 4

~ ~ ~ % ~

3 ~ 5
3 ~ 9

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1%11) -- SEE MAIN TEXT

37 Y+0( 1405 ) W I DTH {MEV ) {PROD ~ EXP ~ l

W

W

W

W

W

W 67
W 120
'hl

W AVG
STUD E NT

(20'.0)
35 0

( 50% 0)
(89 ' 0)

60, 0
50 ~ 0
35 ~ 0

~ ~ ~

38. 1
37 9

5 ' 0

(20 0)
20% 0
10 ~ 0

8 ~ 0

3 9
4%3

AL STON 61
AL EXANDER 62
AL STON 62
ENGLER 65
MUSG RAVE 65
B I RMINGHA 66
GALT IER I 68

HBC
HBC
HBC
HDBC
HBC
HBC
DBC

7/66

7/66
7/66

K-P 3 5 9/67
K-0 2 ~ 1- 2 7BE V/C 6/68

AVERAGE ( ERRGR INCLUDE S SCALE FACTOR OF 1.0)
AVERAGE USING STUDENT10(H/1%11) -- SEE MA IN TEXT

Pl

REFERENCES FOR Y+0(1405 ) (PROD ~ EXP. )

ALSTGN 61 PRL 6 698
ALEXANDE 62 PRL 8 447
ALSTON 62 C ERN CONF 311
ENGLER 65 PRL 15 224
MUSGRAVE 65 NC 35 735

BIRMINGH 66 PR 152 . 1148
GALT IERI 68 PRL 21 573

+ALVAREZ~ EBERHARDi GOOD vGRAZIANQt + ( LRL) I
ALEXANDER' KALBFLEISCHy Mjl LERy SMITH {LRL ) I
+ALVAREZg F ERRG-LUZZI gRQ SENF ELDp + (LRL ) I
+F IS Kg KRAE ME Rg NELTZ ER ~ W ESTGARD g+ ( CAR N g BNL ) I J
+PETMEZAS t+ ( BIRN' CERN ~ EPQL tLOICt SACLAY )

BIRMINGHAM' GLASGOW' LOICp OXFORDpRUTHERFORD
BARBARO-GALTI ERI CHADWICK + ( LRL SLAC)

37 Y+0( 1405) PARTI AL DECA Y MODE S ( PROD EXP 1

DECAY MA SSE S
Y¹0( 1405) INTO SIGMA PI 1197+ 1 39

GOQDg CLEARS AND UNN ISTAKABL E%
GQODg BUT IN NEED OF CLARIF ICAT I ON CR NOT ABSOLUTELY CERTAIN%
NEEDS CONF IRMAT IQN.
WEAK

ATT RI BUTE D TO THE STAT E CLOSEST TG WHERE THE CROSS SEC TI ON PEAK S%

f406 MKV REGION: EXTRAPOLATIONS BELOW THRESHoL&

24 Y+0( 1405 ~ JP =1/2-) I =-0 S' 01
EXTRAPOLAT ION BELOW THRESHOLD

SEE NOTE IN Y+0( 1405) PRODUCTION EXPERIMENTS ~ THE 0 IF-
FICULT IES IN EXTRAPOLATING FROM THE PHYS ICAL REGION TQ
THE RESONANCE LOCATION ARE DI SCUSSED BY DALITZ 67 ~

S=—1 I=O HYPERON STATES (A)

THE QUESTION ON WHETHER Y+(1405) IS A KBAR-N BOUND
STATE OR A CDD POLE (DALITZ 70' RAJASEKARAN 72 HAS BEEN INVESTIGATED
BY C LINE 71 r MARTIN 71 ~ GALT IERI 72m AND DOBSDN 7 2 THE LAST TWO
PAP ERS CONCLUDE THAT THE DATA CANNOT T E{ L THE DIF FERENCE

THE (N KBAR) /(PI SIGMA) COUPLING RAT IG IS DISCUSSED BY OADES 77

24 Y+0(1405) MASS ( ME V)

~(laaO)
BUMPS

87 Y+0 (1330' JP~ ) 1~ 0 i PRODUCT ION EXP ER I ME NT S

SEE T HE MIN I-REVUE AT THE START OF THE Y+ LI STI NG 5

18 LAMBDA(1115 JP= I/2+) I 0

SEE STABLE PARTICLE DATA CARD LISTINGS

¹4'¹44444¹ ¹44¹44C¹4 4¹'¹A'44 444 444 4444A4 44444¹¹4
A+A~+44A4

N

M

M

M

M

M

M

M

M

1410% 7
1409 6

1407 5
1403%0
1416% 0

(1421%0)
1 ( 1406. )
1 SEE ALSO THE A

(1 ~ 0) KIN 65 HBC
(1 7) SAKI TT 65 HBC

DATA QF SAKITT ARE USED IN FIT
( 1.2, ) KI TTEL 66 HBC
(3.0 l KIM . 67 HBC
(4 ~ 0) MARTIN 69 HBC

MART IN 70 RV UE
CH AO 73 DPWA

CCONPANY ING PAPER OF THOMAS73 ~

0-EFF-RANGE F IT
0-EFF-RANGE F IT
BY K ITTEL
0-EFF-RANGE F IT
K MATRI X F IT( KP)
CONST K MAT RI X
CONST ~ K MATRIX
0-RNG ~ F IT SOL 8

7/66
7/66

7/66
8/67

1 0/69
6/70
9/73
9/73

A PEAK WAS SEEN NEAR 1330 MEV IN THE LAMBDA GAMMA

SPECTRUM I N THREE PI-PROPANE EXPERIMENTS (YUNG-CHANG
64' BUBELEV 67' AND BOZGK I 68) ~ ALL MORE RECENT

RESULTS INDI CATE THAT THERE IS NO RESONANACE NEAR THIS MASS VALUE ~

REFERENCES FOR Y¹'0(1330) ( PROD% EXP ~ )

W

W

W 1
W 1

37% 0
28 2
34. 1
50 ~ 0
29% 0

(20 ' 0)
(55 ~ )

ASYMMETRIC

24 Y+0( 1405) WI DTH (MEV )

(3 2)
(4.1)
(4 ~ 1)
(5 ~ 0)
(6% 0)

RE SONANC

KIM 65 HBC
SAKITT 65 HBC
KI TTEL 66 HBC
KIM 67 HBC K MATRIX FIT( KP)
HARTIN 69 HBC CONST K MATRIX
MARTIN 70 R V UE CONST ~ K MAT RI X

CHAD 73 DPWA 0-RNG F IT.SOL 8
E SHAPE gW/2~41 MEV BELOW RESQNANCEg14 MEV ABOVE ~

7/66
7/eb
vIse
8/67

10/69
6/70
9/73
9/73

Y-CHANG
BUBELEV
DAHL
BOZQK I
TAN
MAYEUR
COLAS

64 D UBNA CONF I
67 PL 248 246
67 P R 163 1377
68 PL 288 360
69 PRL 23 101
70 P L 338 441
75 NP 891 253

615 YUNG-CHANG IN KLADNITSKAYA + (DUBNA)
+CHADRAAg CHUVILGg + ( JINRgBUCHARESTgCERN)
DAHL g HARDY' HESSg K IRZ ~ MILLER (LRL )
+FENYVES t GENE SYp + (BUDAPESTgDUBNA)
T H TAN ( SLAG)
+ VAN BI NST g W I LQUET+++ (BRUXg CERN' TUFT )
COLASsFARWELl sFERRERi SIX (ORSA)

KI M

SA KI TT
KITT EL
KIM
MART IN
MART IN
CHAD

ALSO

65 PRL 14 29
65 PR 139 8719
66 PL 21 349
67 P Rl 19 1074
69 PR 183 1352
70 NP 816 479
73 NP 856 46
73 NP 856 15

&&a{c+g+a{c+&

REFERENCES FOR Y0(1405 l ( FROM EXTRAPGLAT IONS)

J K K IM {COLUMBIA) I JP
+DAY eGLASSERwSEEMANw FRIEDMANs + (UMDv LRL ) I JP
W KITTEL r G OTTERS I WACEK ( V I ENNA) I JP
J KIM ( YALE) JP
8 R MARTI Ne M SAKI TT ( LOU C+ BNL )
A D MARTIN t G G ROSS (DURI1AM) I JP
CHADOR KRAEMERy THOMAS @MARTIN ( R HEL+CARN+L GUC ) I JP
THQMA S GENG LiE Rg F I SK g KRAE ME R (CARN)IJ
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Baryons
~(14O5), ~(15SO)

Data Card Listings
For notation, see A, ey at front of Listings.

PAPERS NOT REFERRED TO IN DATA CARDS

ABRAMS 65 PR 139 8454 G S ABRAMSy B SECHI-ZQRN {UMD) I JP
DONALD 66 PL 22 711 + EDWARDS' LYSg NI SARy MOORE (LIVERPOOL)
KADY K 66 P RL 17 599 4QRENg G+S GOLOHABER ~ TRILLING ( LRL) I JP

FIT SOLUTIONS GI VI NG AN I+0 Sj ( 2 R ESONANC E ~ )
ABRAMS 65' KADYK 66' AND DONALD 66 SUPPORT THOSE EFFECTIVE-RANGE-

DALITZ 67 PR 153 1617 DAL ITZ g HONG' RAJASEKARAN (OXFORDS BOMBAY)
DALI TZ 70 DUKE-HR 70 03 - R 0 DALI TZ (OXF)
CL INE 71 PRL 26 1194 D CL INES R LAUMANNt J HAPP (HISC)
MARTIN 71 PL 358 62 A D MART INy B R MART INg ROSS (DURH+LQUC+RHEL 1

DOBSON 72 P R D6 3256 P N OOB SON r R MCE LHANEY (HAH A)
GALT IER I 72 LBL 555 A. BARBARO-GALT IER I (IBL}
RA JASEKA 72 PR D5 610 RAJASEKARAN (TATA)

ALSO EARLIER PAPERS CITED IN RAJASEKARAN72
SHAH 73 PURDUE CONF ~ 417 SHAW ( UCI ) I JP
OADE S 77 NC 42A 462 G ~ C ~ OADESgG RASCHE (AARH+ZURI )I JP

g(15QO) 3!! Y+0(1520, JP=3/2-) I=a 08
PRODUCTION AND FORMATION EXPERIMENTS AGREE QUIT E HELL
WITH EACH OTHER'S SO THE RESULTS OF THE THO KINDS OF
EXPERIMENTS ARE LISTED TOGETHER HEREe

THE DECAY MODE LAMBDA PI PI IS LARGELY DUE TO
Ys'I( 1385) PI ONLY THE VALUES OF (Ys'I ( 1385) PI }/ (LAMBDA PI PI ) GIV EN
BY MAST 72 AND COROEN 75 ARE BAS ED CiN REAL 3-BODY PARTI A L WA VE ANALYSES
( THE OLDER RESULTS BEING OBTAI NEO US ING CRUDER METHODS) THE
DISCRFPANCY BETWEEN THE 2 RE SU( T S IS ESSENTIAlLY DUE TO THE DIFFERENT
HYPQTHES IS MADE CONC ERNING THE SHAPE OF THE EP SI LQN MESON ~

Rl
Rj
Rl,
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3

38 Yiso( 1520 ) BRANCHING RATIOS

(P2) /(Pl )Y+0( I 520) INTO I SIGMA PI )/( KBAR N)
1 ~ 72 ~ 78 MU SGRAV E 65
0~ 96 O~ 20 DAHL 67
0 73 0.11 DA UB ER 67
1.06 ~14 SCHEUER 68
0 ~ 82 0 08 8URKHARDT 69

(1 06 ) ( 12} 8 E RT HON 74
98 .03 RLIC 77

R N TQ SIGMA P I AMPLITUDE AT RE SONANCE

HBC
HBC P I-P 1 6-4 GEV/C
HBC K-P AT 2 ~ G E V/C
DBC 0 K-N 3 GEV/C
HBC K-P 8-1 2 GEV/ C

HBC 0 QUASI 2 BODY CS
OPWA K BAR iN MUL T I CHNL

IS + 46 +/- Oj

8/67
9/66
8/67

10/69
10/69
10/74

I/76
}./76KBA

AVG
STUDENT
FIT

~ 0 I ~ ~ 0 ~ ~ ~

0 ~ 951 0 ~ 044 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 7 }
0 ~ 957 0 032 AVERAGE USING STUDE'NT10(H/1, 11) -- SEE MAIN TEXT
0 933 0 023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1~3)

Y+0 (15ZO) I NTQ
0. 17
0 ~ 21

~ 19
0 22

{0 2)
( 271

( LAMBDA
0 05
0.18

~ 04
0 03

( 13)

PI PI )/ {KBAR N)
DA HL
DA UB ER
SCHEUER
8URKHARD T
KIM
BE RTHON

67 HBC
67 HBC
68 DBC
69 HBC
71 DPHA
74 HBC

{P3) /(P 1)
PI-P 1 6-4 GEV/C
K-P AT ZeGEV/C

0 K-N 3 G EV/C
K-P ~ 8-1 2 GEV/C
K-MATRIX ANAL

0 QUAS I 2 BODY CS

9/66
8/67

10/69
10/69

3/71
10/74

AVG
STUDENT
F IT

0 202
0 202
0.210

0 ~ 0

0 021
0% 024
0,0 10

AV ERAGE ( ERROR INCLUDES SCAL E FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 1l } —SEE MAIN TEXT

FROtd F IT ( ERROR INCLUDES SCALE FACTOR OF 1 1)

AVG
STUDENT
FIT

3 94
3.94
4 44

~ ~ 4

0 ~ 59
0 65
0.24

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1 )

%+0( 1. 520) INTO ( SIGMA PI ) /( LAMBDA PI PI 1 ( P2) /( P3)
4+5 1 ~ 0 ARMENTERO 65 HBC 7/66
3 ~ 3 la 1 BI RMI NGH A 66 HBC K-P 3 ~ 5 9/67
3 ~ 9 1.0 UHLIG 67 HBC K-P ~ 9-1 0 BE V/C 9/66

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

145

29
(

30(
8
e
8

(
1669
2000

4K

5K

7/66
9/67

10/69

3/71
10/74
4/75
1/78
1/76
1/78

IZ/79s
~ ~ ~ ~ J ~ ~ ~ ~

A VG 1519 49 . 0~ 23
STUDENT1 519 50 0 21

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
AVERAGE USING STUDENTl0(H/1 ~ 11) -- SFE MAIN TEXT

38 Ys'0(1520) HI DTH (MEV}

38 Y&0(1520) MASS t MEV)

1517 2 3 0 GALT IERI 63 DBC K-0 1+51 BEV/C
1519 4 2 0 WATSON 63 HBC K-P ALL CHANNELS
1520 0 4 ~ 0 ALMEIDA 64 HBC K-P 1 ~ 45 BEV/C
1 511 0) ( 15 ~ 0) MU SGRAVE 65 HBC P BAR P 3-4 BEV/C
15joeo} (2 0) 8 IRMINGHA 66 HBC K-P 3 ~ 5
1517 2 1 2 BURKHARDT 69 HBC K-P 8-1 2 GE V/C

QUOTED ERROR INCREASED TO ACCOUNT FOR DI SAGREEMENT BETH EEN
TWO MEASUREMENTS DONE BY SAME AUTHORS ( K-P AND SI GMA PI )

1519+ ) KI M 7 1 OPHA K-MATRIX ANAL

1517~ +/-1 ~ TO 1521~ +/-1 ~ BERTHON 74 HBC 0 QUASI 2 BODY CS
1519 4 ~ 3 CQRDEN 75 DBC K- 0 1 ~ 4-1 BGV/C
1519+7 0 ~ 3 CAMERON 77 HBC K-P 0 96-1 ~36GEV
1519~ je RL IC 77 DP HA KBAR N MULTI CHNL
1 520. ~5 ALSTON 78 DPWA K BAR N ELASTIC
1 517 ~ 8 1 2 BARLAG 79 HBIC K-P AT 4, 2 GEV/ C

R4
R4
R4
R4

R5
R5
R5
R5
R5
R5

R6
R6
R6
R6
R6
R6
R6
R6
R6
R6
R6
R6
R6

Ys'0 ( I 520) INTO ( S IGMA0 GAMMA)/TOTAL (P ERCENT ) {P 5)
S 2 0 ~ 35 MA ST 68 HBC SEE NOTE S
S RAT IOS CALCULAT ED FROM R4gASSUMING SU( 3} NEEDED TQ CQNSTRAIN
S ALL THE Y+0 (1520) BRANCHING RATIOS TO BE UNITY

~ ~ ~ ~ 0 ~ ~ ~ ~

1 ~ 90 0 34 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)FIT

10/69

Y&0(1520) INTO
0 ~ 29.447
0 ~ 47

(0.45 )
448

{+42 }
~ 47.45

( KBAR N} /TOTAL
0.05

~ 018
0.03

014

~ 01.03

H ATSQN
GALTIERI
COLLEY
KIM
CORDEN
MAST
Rl I C
AL STON

63
69
71
71
75
76
77
78

HBC
HBC
DBC
DPHA
DBC
HBC
DPWA
DP WA

(Pl)
K-P A LL CHANNE L' S
K- P ~ 28 —~ 45 G/C
K-N 1 5 GE V PROD
K —MATRIX ANAL ~

K- D 1 4-1 BGV/C
0 K- P CEX

KBAR N MULTICHNL
KBAR N E LAST I C

10/71
10/69
10/71
3/71
4/75
1/76
1/76
1/78

AVG
STUD ENT
FIT

~ ~ 0 a ~

0 ~ 457
0 ~ 4577
0. 4503

0 ~ ~

0 ~ 01Z AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 o7 }
0 ~ 0083 AVERAGE USING STUDENT jo(H/je 11) -- SEE MAIN TEXT
0.0056 FROM F IT t ERROR INCLUDES SCALE FACTQR QF 1 ~ 21

Ys'0( 1520 ) I NTQ (LAMBDA GAMMA) /TOTAL {PERCENT ) ( P4)
238 0. 80 oej4 MA ST e8 HBC 0 USING ELAST=. 45 11/68

~ ~ ~ ~ 0 ~ ~ ~ ~

FIT 0 78 0 ~ 14 FROM F IT (ERROR INCI UDES SCALE FACTOR OF 1 ~ 0)

16 4
( 19~ 0}

30 (50~0)
( 18~ 01

14~ 7
(16~ 1

000 15~ 5
4K 16 3

15 '
15~ 4

677 14
FROM BEST

W

H

H

W 2
H

H R

H R
H

H AVG
W STUDENT

~ 0 0 ~

15+55
15~ 52

2 0
{19 0)
{10.0)

OR LESS
1.8

WATSON 63
MUSGRAVE 65
8 IRM INGHA 66
DAHL 67
BURKHARDT 69
KIM 71
CORD E N 75
CA ME RON 77
RL I C 77
ALSTQN 78
BA RLAG 79

SAMPLE OF LAMBDA PI P

1 6
0 5

5
5

3 ~

RE SQLUT I ON

HBC
H BIC

HBC
HBC
HBC
DP HA

DBC
HBC
DP HA

DPHA
HBC

I EVENTS

K-P 3 5

K-P ~ 8-1 ~ 2 GEV/C
K-MATRI X ANAL
K- D 1.4-1 &GV/C
K-P 0.96-1 36GEV
KBAR N MUL TI CHNL
KBAR N ELASTIC
K-P AT 4 ~ 2 GEV/C
ONLY

7/66
9/67
9/66

10/69
3/71
4/75
1/78
1/76
1/78

12/794'
j2/79+

~ ~ ~ ~ e

0 ~ 28
0 ~ 33

AVERAGE ( ERROR INCLUDES SCALE FACTOR QF' 1 ~ 0)
AVERAGE USING STUDENTlo(H/1 111 —SEE MAIN TEXT

38 Ys'0( 1520 ) PART IAL DECA Y MODE S

Pl
P2
P3
P4
P5
P6
P7
PB

P9

Y+0 t I 520)
Ys'0( 1520)
Y+0{1520}
Y&0( 1520)
Y&0(1520)
YAO(1520)
Y&0( 1520)
Y+0 I 15ZO }

NOTE TH A

Y so( 1520)

I NTQ KSAR N

I NTO SIGMA PI
INTO LAMBDA P I PI
INTO LAMBDA GAMMA
INTO SIGMAO GAMMA

I NTO S I GMA PI P I
INTO (Ysij(1385)+PI)
I NT0 Ys I t 1385) P I INTO LAMBDA P I

T PB/P7 IS THE BRANCHING FRACT IQN
I NTO LAMBDA EP S I I ON

DECAY MASSES
497+ 939

1197+ 139
1115+ 139+ 139
1 115+ 0
1192+ 0
1197+ 139+ 139
1384+ 139

PI 1115+ 139+ 139
FOR Ys'1( 1385) INTO LM PI

1 51 8+ 1300

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 5P 1 P Z P 3
P 1 o4503+- ~ 0056
P 2 —~ 62 1 5 4199+- ~ 0064
P 3 —e 2288 —~ 3931 ~ 0945+- s 0043
P 4 —.0653 —ejj67 —~ 0468 ~ 0078+- ~ 0014
P 5 —~ 1675 — 2995 —~ 1202 -+0248 ~ 0190+- 0034
p 6 —.oz49 —.o446 —.0179 —.oo37 —.oo95 .oo8e+-. ooo5

P 6

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P, , where

1 1
6P. = Q&6P, 6P,), while the off-diagonal elements are the normalized correlation coeffi-

1 1 1
cients (6P.6P, ) /(6P. ~ 6P.}. For the definitions of the individual P, , see the listings

1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to 1.

R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7

Y&0( 1520) INTO (SIGMA PI )/TOTAL
O. 55 0 ~ 09 HA TSON
0 418 ~ 017 GALTIERI
O. 43 (0 ~ 03) COLL EY

(0~46) KI M

o 426 ~0 14 CORDEN
SUPER SEDE S COLL EY 71

~ ~ ~ ~ ~ 0 ~ ~

0 ~ 425 0 ~ 0 11 AVERAGE I ERROR
oo 424 0 ~ 012 AVERAGE USING S
0 ~ 4199 0 .0064 FROM F IT ( ERROR

AVG
STUDENT
F IT

63 HBC
69 HBC
71 DBC
71 DPWA
75 DBC

( P2)
K-P ALL CHANNELS

0 K-P 28-„45GEV/C
K-N 1~5 GEV PROD
K-MAT RI X ANA L ~

K- D jo 4-1 BGV/C

10/71
6/69

10/7 1
3/71
4/75
1/76

INCLUDES SCALE FACTOR QF 1 0)
TUDENT10(H/1 11) -- SEE MAIN TEXT
INCI UDES SCALE FACTOR OF 1 2}

R8
RB
R8
R8
RB
R8
R8
R8
R8
R8
R8

t P6}
69 HBC . 0 K-P 28- 45GEV/C 10/69
73 MPHA K —P TO 2PI S IG 9/73

9/73
75 DBC K- D 1 4-1 ~ BGV/C 4/75

DECAY PROCEEDS VIA THE 4/75
4/75

R9
R9
R9
R9
R9
R9
R9
R9
R9
R9
R9

Y&ot 1520) TO Ys'I( 1385)
MORE THAN 0 1 0

B 0 ~ 39 0 ~ 10
C tl
M 0 ~ 82 0.10

58 22
8 CENT RAL 8I N( 1514-1524)
C CNLY THE Ys( I 385 ) OS03
M BOTH Y+( 1385)D S03 AND

4 \ ~ ~ ~ 0 ~ ~ ~

AVERAGE MEANINGLESS (SCALE

PI TO LM PI PI/I M PI PI (P8)/(P3)
CLINE 69 DBC K-D TO 2 PI LAM N

BURKHARDT 71 HBC LAM 3PI PROD ~

CHAN 72 IPWA K-P TQ LAM 2P I
MA ST 73 IPWA K-P TO 2PI LAM
CORDEN 75 DBC K — D 1 4-1 ~ 8GV/C

GIVES 74+- lo -- OTHE R BI NS LQHER BY 2-5 SI G

SEEMS TO CONTR I BUTE
SIGMA (PI PI ) DP03 CONTRIBUTE

FACTOR ~ 2 ~ 2 )

9/73
9/69
3/71
2/73

12/72
4/75

R10
R 10

Rl 1
Rlj
Rl 1
Rl 1
Rll
R1 1
Rjl
Rl 1
R11
Rlj

Y~o (15ZO) I NTO ( Ys'1 ( 1385) P I ) /TOTAL ( P7)
0. 041 0 ~ 005 CHAN 72 HBC K-P TQ LAM 2PI 3/71

P I PI )/TOTAL (P3)
COLLEY 71 DBC K-N 1 5 GEV PROD 10/71
MAST 73 IP WA K-P TO 2PI LAM 9/73

I CITY QF ~ 46+/- ~ 02 9/73
CORDEN 75 DBC K- D 1 e4-I 8GV/C 4/75

1 /76

Y~O (1520 ) I NTO ( LAM BDA
0 ~ 10 (0 02)

11 .01
BASED ON ASSUMED E LAST

~ 09 1 ~ 006
SUPERSEDES COlLEY 71

1
1
3
3

AVG
STUDENT
F IT

0 ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 0960 0 ~ 0084 AVERAGE' I ERROR I NCL UDE S SCALE FACTOR OF 1 6 )
0+0956 0.0062 AVERAGE USING STUDENT10(H/1 111 -- SEE MAIN TEXT
0 0945 0~0043 FROM F IT t ERROR INCLUDES SCALE FACTOR OF 1 ~ I )

R12
R12

I+0(1520) I NTQ (LAMBDA EPSILON)/TOTAL {P9) 4/75
20 .08 CORDEN 75 DBC K- D 1 4-1 BGV/C 4/75

Ys 0( 1520) INTO I SIGMA P I PI )/TOTAL
010 0015 GALT IER I

2 .00 85 .0006 MAST2
2 BASED ON ASSUMED ELAST IC IT Y OF 46

A 007 ~ 002 CORD EN
A CONSIDERABLE FRACTION OF THE SIGMA PI PI
A Yit'I ( 1385 ) PI INTERMEDIATE STATE+

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0.00858 0 00054 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1.0 1

STUDENT 0 00858 0 00059 AVERAGE USING STUDENT 10(H/1 11} -- SEE MAIN TEXT
FIT 0 ~ 00856 0 00054 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF I ~ 0 )
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Particle Data Group: Review of particle properties 8243

Data Card Listings
For notation, see key at front of Listings.

Earyons
A(1520), h(1600), A.(1670)

GALTI ERI 63 PL 6 296
WATSON 63 PR 131 2248
ALMEIDA 64 PL 9 204
ARMENTER 65 PL 19 338
MUSGRAVE 65 NC 35 735

REFERENCES FOR Y¹0(1520)

A BARBARG-GALTIERI A HUSSAIN RD TR IPP ( LRL )
N 8 WATSGNg M FERRO-LUZZI g R D TRIPP (LRL}I JP
S P ALNEIDAy G R LYNCH (CERN)
ARNENTEROS gF-LUZZ I g + (CERN gHEI Dg SACLAY )
+PETMEZASg+ (BIRMgCERNgEPOL gLGICg SACLAY)

MART IN 77 NP 8127 349
ALso 77 Np 8126 2e6
ALSO 77 NP B 126 28 5

RLIC 77 NP B119 362
AL STON 78 PR D 18 1 82

ALS 0 77 P RL !'38 1007

MART IN g P I DCOC K g MOORHOU S E ( LOUC+GLA S ) I JP
MART IN g PI DCCCK (LGUC )
MARTINgPIDCOCK (LCUC) I JP
GQPA L ROSS VAN HORN MCP &ERSON+ ( LQ lC+RHEL } I JP
+KENNEY gPGLLARDg ROSS+ ( L BL+MT HQ+C ERN ) I J P
ALSTGN-GARNJGSTg KENNEY t LBL+MTHQ+C E RN) I JP

BI RNINGH 66
DAHL 67
DAUBER 67
UHL IG 67
MA ST 68
SC HEUER 68

PR 15 2 1148
PR 163 1377
P L 248 525
PR 155 1448
PRL 21 1715
NP 88 503

BIRMINGHAMgGLASGOWrl C ~ g GXFGRDg RUTHERFORD
DAHLg HARDYyHESSg K IRZg MILLER ( LRL)
+ MAL AMUD ~ SCHLE IN g SLAT ER ~ STORK (U CLA )
+CHARLTGNg CCNDONg GLA SSER g YODH y+ (UMD g NRL)
MASTy ALSTGNy BANGERTERg GALTIERI+ ( LRL) .
SABRE COLLAB ~ ( SACL+ANST+BGNA+REHG+E POL )

40 Y¹0 ( 1670g JP~ 1/2-) I~o

S EE T HE MIN I-R EVUE 'A T THE START OF THE Y¹ LI STI NG S

BU RKHARD 69 NP B14 1 C6
CL INE 69 LNC 2 407
GALTIER I 69 LUND 352

ALSO 70 DUKE 95

+F I I THUTH+KLUG E+ ~ ~ ( HEID+EF I +CERN+ SACLAY )
+LAUMANN+NAPP ( W ISC ]
BARBARG-GALT IERI g BANGERTERy MAS Ty TR IPP ( LRL)
R D TRIPP (LRL )

THIS RESONANCE IS WELL ESTABLISHED

40 Y¹0(1670 } MASS (NEV)
BURKHARDT71 NP 82 7 64
COLL EY 71 NP 831 61
KIN 71 P RL 27 356

ALSO 70 DUKE 161

+F ILTHUTH gKLUGEg OBERLACK++ (HE ID+CERN+SACL )
+CQX g EA STWOOD g F RYy ~ ( BI RM+E D IN+GLAS+ LCI C )
J K KIM ( HARV) I JP
J ~ K ~ KI M (HARV ) I JP

CHAN
MAST
MA ST 2
BE RTHGN
CORDEN

72 PRL 28 256
73 PR D7 5
73 PRO 7 32 12
74 NC 2 1A 146
75 NP 884 306

+BUT ~ -S HAF ERg HERT Z BACHg KOFL ER++ ( NASA g YALE)
+ALSTQN-GARN JOST g BANGE RTE Rg+ ~ ~ ~ (LBL) I JP
+BANGERTERgALSTON-GARNJOSTg+ . ( LBL }I JP
BERTHQNg TRI STRAMy+ (CDEF+RHEL+SACL+STRB )
CGRDENgCOXgDARTNELLgKENYQNgONEALEg+ (BIRN)

MAST 76
CA HERON 77
RL IC 77
ALSTGN 78

ALS 0 77
BARL AG 79

PRO 14 13
NP 813 1 399
NP B119 362
PR 018 182
PRL 38 1007
NP 8 149 220

MAST ALSTON-GARNJQST BANGERTER+ ( LBL)
+FRANEKg GOPALg KALNUS yMC PHERSQN+ (RHEL+ I CIC) I JP
GOPAL gROSS g VAN HGRNg MCPHERSQN+ (LOIC+RHEL ) I JP
+KENNE Yg POLLARD g ROSS+ ( LB( +NTHO+CERN. ) I JP
ALSTON-GARNJGSTy KENNEY (L BL+NTHO+C ERN) I JP
+BLGKZI JLg JQNGEJANS+ (ANST+CERN+NI JM+OXF)

BE R LE Y 70 P R D 1 1996
GQLOWICH 74 PRD 10 3861

PAPERS NOT REF ERRED TO IN DATA CARDS

+YAM IN g KQFLER g MANN y ME I S NE R+ ( BNL g NASAy YALF ) I JP
EUGEN GQLGWICH (SLAC)

A.(1600) 101 Y¹0( 1600 ~ JP=1/2+) I =0 01
SEE THE NOTE FOR THE Y¹0(1800 g JP= 1/2+) P ' ' Ol ~

SOMEWHERE IN THIS REGION THERE IS PROBABLY ONEg
AND P ER HAPS T WOy Po 1 ST AT ES ~

1/76

M

M

N

N

A

N

N

2
2
2

40 Y¹0(1670) WI DTH (MEV )

(1666~ 0}OR (.1 675 ~ 0 } BERLEY 65 HBC 0 K —P TQ LAM ETA
THE FIRST YAI. UF ASSUMES THE BRANCHING RAT IO INTO LAMBDA ETA IS

SHALL g THE SECOND THAT IT IS LARGE BECAUSE THE RESONANCE IS NEAR
THE LAMBDA ETA THRESHOLDy THE BRANCHING RATIO AFFECTS THE MOMENTUM
DEPENDENCE OF THE TOTAL WIDTH g AND THUS ALSO THE RESONANCE PARA-
METERS OBTAINED BY FITT ING TO THE DATA ~

( 1663~ 0) (3 ~ 0) ARMENT-1 68 HBC 0 ELAST ICg CH EXCH
(1678~ 0} ( 2»0 } AR ME NT-2 68 H BC 0 K- P TQ S I GMA P I
1674 ~ 0 (5 ~ 0 ) ARMENT-3 69 HBC 0 MULTICHANNEL
1662% 0 (3% 0) ARMENT-4 69 HBC 0 ELAST CH ~ EXC ~ ED
1680.0 ( 1 ~ 0 ) ARMENT-4 69 HBC 0 K-P TG SIG PI ~ ED
1674 ~ 0 BERL EY 69 HBC 0 K-P TQ SIGMA Pl
1683~ 0 ( 5 ~ 0) GALTIERI 70 HBC 0 S IG Plg EDPWA
1670 K I M 71 DPWA K-MATRI X ANAL ~

16 40 0- ( 40 ~ 0) LANGBEIN 7? I PWA MULTICHANNEL
1700' (lory ) BAXTER 73 DPWA 0 K- P TO NEUTRALS
1672 (1 ~ ) HART 73 DP WA EL+C Xg 7- ~ 8GE V/C
1665~ (5 PREVOST 74 DPWA 0- K-N TG S (1385)PI
1675» (2 ~ ) HEPP2 76 DPWA -0 K- NUC TO SIG PI

(1664, ) NARTIN 77 DPWA K BAR N MULTICHNL
MART IN 77 OBTAINS IDENTICAL RESONANCE PARAMETERS FROM THE
T-MATRIX POL E AND FROM '

A 8-W F IT ~

1 670» (5 ~ ) RLIC 77 DPWA KBAR N MULTICHNL
1671~ (3 ~ ) ALSTON 78 DPWA KBAR N ELASTIC

A THE MUI T I CHANNEL ANALYS IS INCLUDES ELAST IC AND SI GMA PI
N THE APPARENT DI SCREPANCY BETWEEN THESE RE SULTS IS PROBABLY NCT

SERIOUS ~ THE ERRORS GIVEN ARE JUST STATISTICAL ~ THE SYSTEMATIC
ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETRIZATIQN FORCED ON
THE PARTIAL-HAVE ANPL ITUDES ARE NOT INCLUDED ~ AND CAN BE LARGE

7/66

11/68
11/68
9/69
9/69
9/69
6/70
7/70
3/71

~ 12/72
j.0/74

2/74
10/74

2 /77
11/77

1/76
1/78

10/69

101 Y¹0 ( 1600 ) MASS (NEV)

M 1
M 1
M

M

M 3
3

M 3
M

M

M

M AV

101 Y¹0(1600) WIDTH (MEV)

(1570 ' ) KIM 71 DP WA K-MATRI X ANAL»
PGSSI BLE EFFECT IN SIGMA PI AND KBAR N CHANNELS ~

1620» 0 10 ~ 0 LANGBE IN 72 I P WA MULT I CHANNEL
1646 ~ 7 ~ CARROI. L 76 DP WA I =0 TOTAL CS
1 572. OR 1617 ~ MARTIN 77 DPWA K BAR N MULTI, CHNL

THE TWQ ENTRIES FOR MARTIN 77 CORRESPOND TG EXTRACTION OF RESCNANCE
PARAMETERS FRGN THE T-MATRIX POLE AND FROM A 8-W FITy RESPECTI YELY»

1 573 ~ 25 ~ RLI C 77 DPWA KBAR N NULTICHNL
1703~ 100 ~ ALSTON 78 DPWA KBAR N ELASTIC

~ ~ » ~ ~ ~ ~ ~

ERAGE iNEANINGL ESS ( SCALE FACTOR = 2 ~ 3)

1 /76

1/76

1/76
2/77

11/77

1/76
1/78

1/76

W

W

, W

W

W

W

W

W

W

W

W

W

W

W

N

A

N

2

(22 ' 0)OR(15 ' 0)
( 26» 0) (8 ~ 0)
(26 0} (5 ~ 0 )

23 ~ 0 (3 ~ 0)
38 ~ 0 ( 15~ 0)
33 ' 0 (5»0)
31 0
25 ~ 0 (5%0)
35 '
45» 0 (20 ~ 0)
65 ' (20 ' )
19% (2 ~ )
19~ (5 )
46 ~ (5 )

(12
45 (10~ )
29 ~ (5 ~ )

SE E THE NOTE S

BERLEY
ARMENT~I
ARMENT-2
ARMENT-3
ARMENT-4
ARMENT-4
BERL EY
GALTI ERI
KIM
LANGBEI N

BAXTER
HART
PREVGST
HEPP2
MART IN
RLIC
ALSTON

ACCOMPANYING THE

65 HBC 0 SEE NOTE M ABOVE
68 HBC 0 SEE NOTE N ABOVE
68 HBC 0
69 HBC 0
69 HBC 0 ELASTgCH EXCEED
69 HBC 0 K-P TG SIG PI ED
69 HBC 0 K-P TQ SIGMA PI
70 HBC 0 S IG PI g EDPWA
71 DPWA K-MATRIX ANAL,
72 I PWA MULTICHANNEL
73 DPWA 0 K- P TO NEUTRALS
73 DPWA EL+CXy ~ 7- ~ 8GE V/C
74 DPWA 0- K-N TO S (1385}P I
76 DPWA -0 K- NUC TG SIG PI
77 DPWA K BAR N IvIULTICHNL
77 DP'WA K BAR N MULTI CHNL
78 DP WA K BAR N E LA STI C

MASSES QUOTED

7/66
11/68
11/68
9/69
9/69
9/69
6/70
7/70
3/71

1.2/72
10/74
2/74

10/74
2/77

ll/77
1/76
1/78

(50. )
60. 0 10.

(20 ~ )
247 ~ OR 271 ~

147 ~ 50
593 ~ 200»

~ ~ ~ ~ ~ ~ % ~

AVG e4.e 16.8
STUDENT 63 F 6 10 ' 9

SEE THE NOTES ACC

W 1
W 0
W 2
W 3

W

W

71 DP WA

72 I PWA
76 DP WA

77 DP WA

77 DP WA

78 DPWA

K-MATRIX ANAL' 1/76
MUL T I CHANNEL 1/76
I=o TOTAL CS 2/77
KBAR N MULTI CHNL 1 1/77
K BAR N NULT ICHNL 1/76
KBAR N E LASTIC 1/78

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 7).
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

GMPANYI NG MASSES QUOT ED

Pl
P2
P3
P4

40 Y¹0( 1670) PARTI AL DECAY MODES

Y¹o( 1670) I NTO KBAR N

Y¹0( 1670) I NTQ LAMBDA ETA
Y¹0( 1670) I NTO SI GMA PI
Y¹0(1670) INTO SIGNAl 1385) Pl

DECAY MASSES
497+ 939

1115+ 548
1189+ 139
139+1384

1 31 Y¹0( 1600 ) PART IAL DECA Y NODE S 1/76 40 Y¹ 0( 1670) BRANCHING RAT I QS

Pl
P2

Ri
Rl
Rl 2
Rl 3
Rl
Rl
Ri
Rl AV

Y¹0(1600) I NTO KBAR N

Y¹0( 1600) I NTQ Sl GMA PI

101 Y¹0( 1600 ) BRANCHING RATIOS

Y¹O( 1600) INTO (KBAR N)/TOTAI
0 ~ 25 0 ' 15

TOTAL CROSS SECTION BUMP WITH
(»30)OR ~ 29

»24 ~ 04
»14 05

~ ~ ~ ~ ~ ~ ~ ~ ~

ERAGE MEANINGLESS ( SCALE FACTOR

LANG BE IN 72
( J+1/2) X= ~ 04
MART IN 77
RLIC 77
ALSTGN 78

DECAY MA SSE S
497+ 939

1197+ 139

( Pl }
IP WA MULTICHANNEL

SiEE N BY CARROLL 76
DP WA KBAR N MULTI CHNL
DPWA K BAR N NULTICHNL
DP WA K BAR N 'EL A ST I C

1/76

1/76
1/76
2/77

11/77
1/76
1/78

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

(Pl)
HBC 0 OLD DATA
HBC 0
HBC 0 NEW DATA
HBC 0 K-Py ELA STy CEX
DPWA K-NATRIX ANAL»
I PWA MULTICHANNEL
DP WA EL+CXy ~ 7 ~ BGE V/C
DPWA KBAR N MULTICHNL
DP WA KBAR N MULTI CHNL
DPWA K BAR N ELASTIC

18 DOES NGT

P 0» 14 ( 0 ~ 04)
A (0 39) (0 05)

0% 28
0%35 (0 ' 06)

36 ( ~ 03)
2 15)

ARGAND PL GT I T I S

Y¹0(1670) I NTO (KBAR N) /TOTAL
P (0 14) (0 04) ARNENT-1 68

0» 17 ARMENT-3 69
ARMENT-4 69
CONF QRTO 71
KI M 71
LANGBE IN 72
HART 73
HARTIN 77

~ 20 ( 03) RL IC 77
~ 17 ( ~ 03) ALSTQN 78

A EFFECT BELOW REGION ANALYZED VALUE OF
A AFF ECT F IT OR YALU ES 0 F OT HER PARAHETE RS»
P THI S I S THE DIAMETER OF THE CI RCLE IN THE

SUPER IMPOSED ON A LARGE BACKGROUND ~

11/68
9/69
9/69
6/70
3/71

12/72
2/74

1 1/77
1/76
i/78

R2
R2
R2
R2 3
R2
R2
R2 AV

Y¹0(1600) FROM KBAR N INTO SIGNA PI
0 ~ 28 0» 09 LANGBEIN

NQT S EEN H'EPP 2
39)OR —~ 39 MART IN—.16 .04 RLIC

~ % ~ ~ ~ ~ ~ ~ ~

ERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 2)

SQRT (Pl¹P2) 1/76
72 I PWA MULT ICHANNEL 1/76
76 DPWA -0 K- NUC TO SIG PI 2/77
77 DPWA K BAR N NULTICHNL 11/77
77 DP WA KBAR N MULTI CHNL 1/76

R2
R2
R2
R2
R2

Y¹0(1670) F RON KBAR N TG LAMBDA ETA SQRT (Pl¹P2)
M (0 ~ 20 ) OR 0 ~ 23 BERLFY 65 HBC 0 SEE NOTE M ABQYE

(0 26) ARMENT-3 69 HBC 0
(0 24) KIM 71 DPWA K-MATRIX ANAL
+ ~ 20 ( ~ 05) BAXT ER 73 DP WA 0 K- P TO NEUTRALS

SEE THE NOTES ACCOMPANYING MASSES QUOTED

7/66
9/69
3/71

lo/74

KIM 71 PRL 27 356
ALSO 70 DUKE 1 61

LA NGBEI N 72 NP 847 477

CARROLL 76 P RL 37 806
HEPP2 76 PL 658 487

REFERENCES FOR Y¹0( 1600)

J K KIN
J K KIM

+WAGNER

(HARV) I JP
(HARV) I JP

( MPI M) I JP

+C HI ANG KYCI A L I MAZ UR MIC HAE L+ ( BNL) I
+BRAUNy GR IMMy STRQB EL Eg THOL+(CERN y HE IDy MPI M) I JP

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

Y¹0( 1670) F RGN
0 ~ 25)

(-0 27 )(-0~ 30}
PUBLISHED S IGN

-0 27-0 ~ 29
-0 ~ 38

—»28
~ 2 3

—~ 29(- 13)
-%31

KBAR N T0 SIGMA PI S QRT ( P 1¹P3)
( 0 ~ 06) ARMENT-2 68 HBC 0 OLD DATA

ARMENT-3 69 HBC 0
(O. O3) AR MENT-4 69 H BC 0 N EW DAT'A

CHANGED TG AGREE WITH LUND 1969 CGNYENTION (SEE TEXT)
BERL EY 69 HBC 0 K-P TO SIGMA Pl

(0 ~ 03) GALTI ERI 70 HBC 0 S IG Ply EDPWA
KIM 71 DP WA K-MATRI X ANAL

05) BAXTER 73 DPWA 0 K- P TQ NEUTRALS
( ~ 03) LONDON 75 HLBC 0 K- P TQ SI GO P IO
( ~ 03) HEPP2 76 DPWA —0 K- NUC TO SIG Pl

iNARTIN 77 DPWA K BAR N NULTICHNL
( 03) RL IC 77 DP WA KBAR N MULTI CHNL

9/69
9/69

10/74
6/70
7/70
3/71

10/74
4/75
2/77

1 1/77
1/76
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Particle Data Group: Review of particle properties

Baryons
A.(1670), A(1690), A(1800)

Data Card Listings
For notation, see key at front of Listings.

R4
R4

Y40( 1670) FROM KBAR N TO SIGHA(1385) PI
—o 18 .05 PR EVOST

SQRT ( Pj+ P4)
74 DPWA 0- K-N TQ 5( 1385)P I 10/74

55 Y+0( 1690) BRANCHING RATIOS

BERL EY 65 P RL 15 641
ARME NT-1 68 NP BB 195
AR MENT —2 68 NP 88 223

REFERENCES FOR Y+0( 1670)

+CONNOLLYe HART ~ RAUH ~ STGNEHI LLe + {BNL) IJP
.ARMENTEROSe BAILLONe + (CERNe HEIDELe SACLAY) I JP
ARMENTEROS BAILLON + {CERN HEIDEL SACLAY ) IJP

THE SUM OF ALL THE QUOTED BRANCHING RATIOS IS HORE THAN 1 ~ 0. THE
TWO-BODY RATIOS ARE FROM PART I AL N AV E ANAL YSESe AND THUS PRQBAB LY ARE
MORE REL I ABLE THAN THE THREE-BODY RAT I GS e WHICH ARE DETE RMI NED F RGH
BUMPS IN CROSS S ECT IONS OF THE LATTER e THE S IGMA Pj PI BUMP LOOKS
MORE SI GNIFI CANT ( THE ERROR GI V EN FOR THE LAHBDA PI P I RAT IO LOOKS UN-
REASONABLY SMALL ) ~ HARDLY ANY OF THE SIGMA PI P I DECAY CAN BE VIA
Y+I ( 1385 ) ~ FOR THEN NI NE I IMES AS HUCH LAM BOA P I P I DECA Y WOULD BE
REQUIRED o

CONF Q RTO
KIM

ALSO
LANGBE I N

BAXT ER
HART
PR EVOST
LG ND ON

71 NP 834 41
71 P Rl 27 356
70 DUKE 161
72 NP 847 477
73 NP B67 125 .

73 P URDUE CONF ~ 311
74 NP 869 246
75 NP B85 289

+LEVI SETTI e LASINSKI OBERLACK++ ( EFI+HEID) I JP
J K KIM (HARV) I JP
J ~ K. KIH (HARV)IJP
+NAGNE R ( MPIH) I J P
BAXT ER e BUC K INGHAM ~ CORB E TT ~ DUNN e+ ( OXF ORD ) I J P
+RI CE e BACASTONe FUNGe + (T ENN+U CR+MAS A+BUFF ) I JP
PREVOSTeBARLOUTAUD e+ ( SACL+CERN+HEID)

ONDONe YUe BOY De + ( BNL e CERN e EPOLe ORSAe TORI )

AR ME NT 3 69 LUND PAPER 229 ARME NT EROS e BAIL LONe + ( CERN e HE I DELe SAC LAY ) I JP
VALUES ARE QUOTED IN LEVI SETTI 69+

ARME NT 4 69 NP Bl e 91 ARMENTERQS e BAIL LONe + ( CERNe HEI DELe SAC LAY) I JP
BERLEY 69 PL 30B 430 + HART e RAHMe WILl. IS e Y AHAHOTO ( BNL ) I JP
GALT I ER I 70 DUKE 1 73 A BARBARD GAl TI ERI (LRL) I JP

Rl
Rl
Rl
Rl M

Rl
Rl
Rl N

Rl
Rl
Rl
Rl 3
Rl
Rl
Rl 2
Rl N

Y&0(1690) INTO (KBAR N) /TOTAL (
(0 18) (0 03) AR MENT-1 68 HBC
(0 23) BUGG 68 CNTR
(0.221 (0.03) CONFORTQ 68 HBC
0~ 18 (0 02} ARHENT-4 69 HBC
0. 28 (0 04) BERTANZA 69 HBC

(0.34) (0.02) CONF QRTO 71 HBC
0 22 KIM 71 DPNA
0 ~ 15 (0 05) LANGBE IN 12 I P WA

24 ( ~ 01) HART 73 DPWA(.28)QR .26 MA RT I N 77 DPWA.24 . { 03) RLIC 77 DPWA
22 { 03) AL STON 78 DP N A

TOTAL CROSS SECTION BUMP WITH ( J+1/2) X= 48 SEEN
EFFECT IS AT END OF REGION ANALYZFD THIS COULD AF

Pl. )
0
0 ASSUMING J =3/2
0 SEE NOTE M ABOVE
0 NEW DATA
0
0 K-PeELAST, CEX

K-MAT RI X ANAL ~

MULTI CHANNEL
E L+C X e ~ 7— 8GE V/C
K BAR N MULTICHNL
KBAR N MULTICHNL
KBAR N El A STIC

BY CARREL L 76
FECT VALUE OF Xl ~

11/68
7/68

11/68
9/69
9/69
6/70
3/71

12/72
2/74

11/77
1/76
1/78
2/77

HEPP2 76 PL 658 487
MARTIN 77 NP B127 349

ALSO 77 NP B 126 266
ALSO 77 NP 8126 285

RL IC 77 NP 8119 362
ALSTGN 78 PR 018 182

ALSO 77 PRL 38 1007

BI RHi INGH 66 PR 152 1148
LE VI SETT 69 LUND 339

+BRAUN e GR IMM ~ STROB ELEe THOL+ (CE RNe HEI De HPIH) I JP
MARTIN P I DCGCK HGORHOU S E (LOUC+GLAS) I JP
MARTIN e PIDCOCK (LEUC)
MARTINe PIDCGCK {LEUC) I JP
GOPALe RGSSe VAN HGRNe MCPHERSQN+ (LGIC+Rl-EL ) I JP
+KENNEYePOLLARDeRGSS+ ( L 8 L+ H TH 0+C E RN ) I JP
Al STON-GARN JEST e KENNEY (L BL+iMTI-ID+CERN) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

(BIRMINGHAM GLASGOW, LGIC, OXFORD, RUTHERFD)
R LEV I S ETT I (RAPPORTEUR ) (CHICAGO)

R2
R2 1
R2 1
R2 1
R2
R2
R2
R2
R2
R2
R2
R2 3
R2

Y&0(1690) FROH
(-0 ~ 33 )
(-0 36)

PUBLISHED SIGN-0.27
-0 ~ 31
-0 ~ 40

0 ~ 26
~ 20

28
—~ 29

(- ~ 30 )OR
—.25

KBAR N

{0' 02)
(0 02)
CHANGE

(0 03)

(0 07)
( .03)
( 03)
(e03)

—~ 28
( 03)

TO SIGHA PI
ARHENT —3 68 HBC
ARMENT-4 69 HBC

D TG AGREE WITH LUND 1969 CO
BERLEY e9 HBc
GALTIERI 70 HBC
KIM 71 DPWA
(.ANGBE IN 72 I PWA
BA XTER 73 DP WA

LONDON 75 Hl BC
HE PP2 76 DPWA
HARTIN 77 DPWA
RL IC 77 DPWA

SQRT ( P 1+ P2 )
0 OLD DATA
0 NEW DATA

NVENTION ( SEE TE XT)
0 K-P TQ S IGHA P I
0 S IG PIe EDPWA

K —HATRI X ANAL
MULT I CHANN EL

0 K- P TO NEUTRALS
0 K — P TO SIGO PIO

-0 K- NUC TG SIG P I
KBAR N HULTICHNL
K BAR N HUL TICHNL

11/68
9/69

10/74
6/70
7/70
3 /71

12/72
10/74

4/75
2/77

11/77
1/76

55 Y&0( 1690 e JP=3/2-) I=O

R3 Y+0 (1690) FROM KBAR N TQ LAMBDA P I P I SQRT ( P leeP3)
R3 B (0.25) (0 ~ 02) BARTLEY . 68 HDBC 0 LAM 2PI CRGS SEC ll/68
R3 8 ONLY CROSS-SECTION DATA USED. ENHANCEMENT NQT SEEN 8 Y PREVOST 71 3/72

S EE THE MINI-REVUE AT THE START OF THE Y+ LI ST I NG So

THI S RE SONANC E I S NELL E STAB LI SHED ~

R4
R4

R5
R5

Y&0( 1690) FROM KBAR N TO SIGMA PI P I
(0 21) ARMENT —2

Y&0 (1690) FROM KBAR N INTO LAMBDA ETA
00 { 03) BAXT ER

SQRT ( P 1+P4)
68 HDBC 0 K-N TO SIG PI PI 11/68

SQRT (PIOP6)
73 DP WA '0 K- P' TD NEUTRAL S 10/74

55 Yee 0( 1690) MASS (HEV)

H (1696 0) (3 ~ 0 )
M {1681 ~ 0) (2 0)
M 1681 (8 ~ )
M 1695 0 (4 0)

( 1697 0) (2 0)
M M THE Y&0(1690) IS A

M H CCNFGRTQ THE SAME C
M M ENERGIES AR E INCLUDE
M A 1691 0 (2 ~ 0)
M A 'ANALYSI S INCLUDES
M A THE APPAR ENT DISCR
M A PROBABLY NGT SERI GUS
M A SYSTEMATI C ERRORS TH
M A QF THE PART I AL —NAVE
M A 1688. 0 (2 0)
M 1689.0
M 1701 ~ 0 (4 0)
M 1680~0 {5~0)
H 1688 0 (3 ~ 0)
M 1690.
M 1680.0 (20.0)
M 1670 ( 10 )
M j684+ (3 )
M 2 1692. (4. )
H 1690~ (3 )
M 3 1687 OR 1689~

M 3 THE TWO ENTRIES FOR
M 3 PARAMETERS FRGf'1 THE
M 3 ANOTHER 3/2 — LAMBDA
H 3 BLT I S VERY UNCERT A

M 1690 (5 ~ )
M 1692 . {5~ )

55 Y4 0( 1690) NI DTH ( MEV )

ARHENT- 1 68 HBC 0 El.ASTI Ce C H EXCH
ARMENT-3 68 HBC 0 K-P TO S IGMA P I
BARTLEY 68 DBC 0 K-P AND K-D DATA
BU GG 68 CNTR 0 K —P D TOTAL
CONF GRTO 68 HBC 0 E LAST ICe C l- EXCH

T THE EDGE OF THE ENERGY REGION ANALYZED BY
ATA AS NELl AS OTHERS EXTENDING TQ LOWER
D IN ARHENTEROS 1

ARMENT-4 69 HBC 0 ELASeCH EXC ED
OLD AND NEW DATA OF CHS CGLLAB ~ 43- 8 GEV/C
EPANCY BETWEEN THE 5 I GHA P I AND OTHER RESULTS I S

THE ERRORS GIVEN ARE JUST STATISTICAL ~ THE
AT RESULT FRGH THE RESTRICTIVE PARAMETRIZATION
AMPL ITUDES ARE NOT INCLUDEDe AND CAN BE LARGE

ARMENT-4 69 HBC 0 K-P TO S IG P I .ED
BERLEY 69 HBC 0 K-P TG SIGMA PI
BERTANZA 69 HBC 0 ELASTICe CH EXCH
GALTIERI 70 HBC 0 S IG PI e EDPWA
CONFORTO 71 HBC 0 K PeELASTe CEX
KI M 71 DPWA K-MATRIX ANAL
LANGBEIN 72 I PWA MULTICHANNEL
BAXT ER 73 DP WA 0 K- P TO NE LiTRAL S
HART 73 DPNA EL+CXe.7- BGEV/C
CARROLL 76 DPNA I=O TOTAL CS
HEPP2 76 DPWA —0 K — NUC TO SIG P I
MARTIN 77 DPNA KBAR N MULTICHNL

HART IN 77 CORRESPOND TO E XTRACTI ON OF RE SONANC E
T-MATR IX POLE AND FROM A 8-W FIT e RESP ECT IVELY
AT 1966 ME V I S ALSO SUGGE STED BY MARTI N77 e

IN ~

RLIC 77 DP WA K BAR N MULT I CHNL
ALSTGN 78 DP NA KBAR N ELASTIC

11/68
11/68
11/68

7/68
11/68

9/69

9/69
6/70
9/69
7/70
6/70
3/71

12/72
10/74
2/74
2/77
2/77

11/77

1/76
1/78

AR HE NT- 1
AR ME NT-2
ARMENT-3
BART L EY
BUGG

ALSO
CONF ORT 0

68 NP BB 195
68 NP BB 216
68 NP BB 223
68 PRL 21 1111
68 PR 168 1466
67 PRL 18 62
68 NP BB 265

ARHENTEROSe BAI LLONe +
ARMENT EROS'e BA ILLONe +
ARMENTEROS e BAILLGNe +
+CHUeDONDeGREENEe4
+GILMOREe KN IGHTe +
DA VI ESeDOWELL e+
+HA'RMSEN e LA S INSKI e +

{CERNeHEI DELe SACLAY) I JP
(CERNeHEIDELe SAC LAY) I
(CERNe HEI DELe SACLAY ) I JP
(TUF TS e FSUe BRA NDFI S) I

(BIRMe CAVE eRHEL) I
(BIRMeCAVEe RHEL) I
(CHICAGOeHEIDEL) IJP

AR ME NT-4 69 NP 8 14 91
BERLEY 69 PL 308 430
BERTANZA 69 PR 177 2036

ARHENTEROSe BAILLONe + (CERNeHEIDELeSACLAY) I JP
+ HARTe RAHMe WILLISe YAMAMOTO (BNL) I JP
+BIG I CARRARA CASALI + (P ISA BNL YALE ) I JP

GA LTI ERI
CGNFGRTO
KIM

ALSO
LANGBEI N

BAXTER
HART
PREVOST

70 DUKE 173
71 NP 834 41
71 PRL 27 356
70 DUKE 161
72 NP B47 477
73 NP 867 125
73 P URDUE CGNF,
74 NP 869 246

LONDON
CARROLL
HEPP2

75 NP B85 289
76 P Rl. 37 806
76 PL 65B 487

A BARB ARO GALT I ER I (iRL) I JP
+LEVI SETTI eLASINSKI ..QBERLACK++ (EF I+HEID) IJP
J K K IM (HARV) I JP
J ~ K ~ KIH ( HARV ) I JP
+WAGNER {HPIM) I JP
BAXT ERe BUCKINGHAHe CORBETTe GUNN e+ (OXFORD) I JP

311 +RI CEe BACA STOWe FUNGe+ (TENN+UCR+MAS A+BUFF ) I JP
P R E VOS T e BARL OUTA UD e+ {SAC L+C ERN+ HEI D)
LOND ON e YU e BOYD e+ ( 8 NL eCE RN e E P 0 Le ORS A e T C Rj )
+CHIANGe KYC I'Ae {Ie MAZURe MI CHAEl. + {BNL) I
+BRAUN eGRI MMe STRGBELEe THOL+ (CERN e HEI De HP IH ) I JP

MARTI N

Al SO
ALSO

RLIC
ALSTON

ALSO

77 NP 8127 349
77 NP 8 126 266
77 NP 8126 285
77 NP 8119 362
78 PR D18 182
77 P RL 38 1007

MART INe PI DCOCKe MGORHQUS E ( LOUC+Gl AS ) I JP
MART I N e PI DCQC K (LGUC)
MART IN P IDCOCK (LEUC) I JP
GOPAL e ROSS e VAN HORNe MCPHERSON4 (LOI C+Rl-EL ) I JP
+KENNEYePGLLARDeROSS+ {L BL+ MTHO+C ERN ) I J P
ALSTON —GARNJOSTe KENNEY ( L BL+M THQ+C ERN ) I JP

R6 Y&0(1690) FROM KBAR N TQ Y+I( 1385) PI S-WA VE SQRT(P I+P5)
R6 + ~ 27 ~ 04 PREVOST 74 DPNA 0- K —N TO S ( 1385)P I 10174

REFERENCES FOR Y&0{1690)

W

W

W

W H

W A

W A

N

W

W

N

W

W

W 2
N

W 3
W

W

Pj
P2
P3
P4
P5
P6

( 35.0)
( 85 ~ 0)
48.
40. 0

{27 0)
31 ~ 0
72 ~ 0
57 0
28~ 0
85 ~ 0
64 ' 0
55 '
40 0
30.
Be.

(38. )
82 ~

62 OR
60
64 '

SEE

ARHENT-I
ARHE NT-3
BARTLEY
BUGG
CGNF GRTO
ARM ENT —4
ARME NT-4
BERLEY
BERT ANZA
GA LTIERI
CGNFQRTO
KIH
LANGBE IN
BAXT ER
HART
CARROLL
HE PP2
MARTI N

RL IC
ALSTGN

ES ACCOMPANYING THE

68 HBC 0 OLD DATA
68 HBC 0 Ql D DATA
68 DBC 0 K-P AND K-0 DATA
68 CNTR 0
68 HBC 0 SEE NOTE M ABOVE
69 HBC 0 ELASe CH EXC ED
69 HBC 0 K-P TO S IG PI ED
69 HBC 0 K-P TG SIGMA PI
69 HBC 0
70 HBC 0 S IG PIe EGPWA
71 HBC 0 K—Pe ELA STeCEX
71 DP WA K —MATR IX ANAL
72 I P WA HUL TI CHANNEL
73 DP WA 0 K- P TQ NEUTRAL S
73 DP WA EL+CX e.7-.8GEV/C
76 DP WA I ~0 TOTA L CS
76 DPWA -0 K- NUC TO SIG PI
77 DP WA K BAR N HULT I CHNI
77 DP WA KBAR N MULTICHNL
78 DPWA K BAR N ELAST IC

MASSES QUOTED

(7~0)
(7.0)

(15 ~ )
(7 0)
(5 0)
{7+0)
(6 ~ 0)

11/68
11/68
11/68

7/68
11/68

9/69
9/69
6/70
9/69
7/70
6/70
3/71

17/72
10/74
2/74
2/77
2/77

11/77
1/76
1/78

(8.0)
( 10.0 )
(5.0 )

(10 0)
(10+)
(9 )

(8 ' )
62

(5 )
(10.)

THE NOT

YAO( 1690)
Y&0{1690)
Y& 0 {1 6 90)
Y&0 {1690)
Y&0 (1690)
Y&0( 1690)

I NTO
I NTO
INTO
INTO
I NTQ
I NTQ

KBAR N

SIGMA P I
LAMBDA P I PI
SIGMA PI PI
Yili I { 1385 ) PI S-WAY E
LAHBDA ETA

DECAY MA SSE S
497+ 939

1189+ 139
1115+ 139+ 139
1189+ 139+ 139

139+1384
1115+ 548

55 Y&0(1690) PARTI AL DECAY MODES

PAPERS NOT REFERRED TQ IN DATA CARDS

PREVOST 71 AHSTERDAM CONF + CHS COLLABORATION ( C E RN+ HE I 0+S ACL )

A.(1800)

M

M

M

M

M

H

M

H

36 Y& 0(1800) MASS ( MEV)

(10,0)(1872 ~

(1780.
1 830.

1 1767
1 THE TWO

1 PARAMETE
1 825 ~

1725

BRICMAN 70 DPWA TGTe ELASe CHEX
KIM 71 DPWA K-HAT RIX ANAL
LANGBEIN 72 IPWA MULTICHANNEL
MART I N 77 DPWA K BAR N HUL TI CHNL

7 CORRESPOND TO EXTRACTI ON OF RESCNANCE
POL E AND FROM A 8-W FITe RESPECTIVELY

RLIC 77 DPWA K BAR N MUL TICHNL
ALSTQN 78 DP WA KBAR N ELASTIC

0)
)
0 (20 0)

OR 1842
ENTRIES FOR MARTIN 7
RS FRGM THE T-HATRIX

(20 ~ )
(20 ~ )

QQ+ Q QQ)gc 3jCQ

Hl
7+0( 1800e JP= 1/2-) I=O

THE S01 AMPLITUDE SHOWS A RATHER CLEAR SECOND RESCNANCE
BEHAVIOR IN THE 1700-1900 MEV REGION ~ THERE ARE WIDE
DI SAGREEMENTS AMONG THF MASSe NIDTHe AND COUPLING
DETERM INAT IGNS ~

1/71
3/71

12/72
11/77

1/76
1/78
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Particle Data Group: Review of particle properties S245

Data Card Listings
For notation, see k, ey at front of Listings.

Qaryons
x(1eoo)

36 Y¹0( 1800) WIDTH ( MEV) 77 Y¹0( 1800) PARTIAL DECAY MODES

W

W

W

W 1

W

(100~ 01
(40«)
70,0

435 ~ OR
230
185

(20 ~ 0 )

{15.0)
473 '
{20~ )
{20~ )

BR I CMAN
KIM
LANGBE IN
MART I N

RLIC
ALSTON

70 DP WA

71 DPWA
72 IP WA

77 OPWA
77 DP WA

78 DP WA

TOTy ELASy CHEX
K-MAT R IX ANAL ~

MULTICHANNEL
K BAR N MULTICHNL
KBAR N MULTI CHNL
KBAR N ELA STIC

1/71
3/71

12/72
11/77
1/76
1/78

Pl
P2
P3
P4
P5

Y¹0(1800) INTO KBAR N

Y¹0( 18001 I NTQ SIGMA PI
Y¹0{1800) INTO SIGMA( 1385) PI
Y¹0(1800) INTO N K¹(890) y Pl WAVE
Y¹0(1800) I NTO N K¹ (890) g P3 WAVE

DEC AY MASSES
497+ 939

1197+ 139
139+1384
939+ 892
93 9+ 892

Pl
P2
P3
P4
P5

36 Y¹ 0( 1800) PARTIAl DECAY NODES

Y¹0( 1800) INTO KBAR N

Y¹0(1800) INTO SIGMA PI
Y¹0( 1800) INTO Y¹1{1385) PI
Y¹0(1800) INTO N K¹(890) g Sl WAVE
Y¹0{1800) I NTG N K¹ (890) g 03 WAVE

DECAY MASSES
49 7+ 939

1197+ 139
139+1384
93 9+ 892
939+ 892

36 Y¹0( 1800) BRANCHING RATIOS

Rl
Rl
Rl
Rl
Rl 1
Rl
Rl

Y ¹0{1 800) I NTQ
(0 ~ 18)
( 0 ~ 801
0.35

(1 21 )OR
~ 3 7

28

(KBAR N) /TOTAL
{0~ 02)

(0 ~ 15)
~ 70

l 05)
( 05)

BR ICMAN
KIM
LANGBE IN
MART IN
RLIC
AL STON

(Pl)
70 DP WA TOTE ELASg CHEX
71 DPWA K-MATRIX ANAL ~

72 I P WA MULT ICHANNEL
77 DP WA K BAR N MULTI CHNL
77 DP WA K BAR N MULTI CHNL
78 DP WA KBAR N ELASTIC

1/71
3/71

12/72
11/77

1/ 76
1/78

R4 Y¹0(1800) FROM KBAR N INTO N K¹{890)y S l. WAVE SQRT(Pl¹P4)
R4 3 -0 17 0 ~ 03 CAMERGN2 78 DPWA K-P TG K¹N
R4 3 THE S IGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST
R4 3 CGNVE NTI ON

12/79¹
12 /79¹
12/79¹

R2 Y¹0(18001 FROM KBAR N TO SIGMA PI SQRT ( Pl ¹ P2 )
R2 (0 ~ 24) KIM 71 DPWA K-MATRI X ANAL«, 3/71
R2 1 (- ~ 74)OR —.43 MARTIN 77 DPWA K BAR N' MULT ICHNL 11/77
RZ 08 {«05) RLIC 77 DP WA KBAR N MUL TI CHNL 1/7e

R3 Y¹0( 1800) FROM KBAR N INTO Y¹1( 1385) PI S QRT ( P 1¹P3 )
R3 2 + ~ 056 028 CAMERON 78 DPWA 0 K-P TO S(1385)PI 1/78
R3 2 SIGN CHANGED TQ BE IN ACCORD W ITH THE BARYON-FIRST CONVENT ION 12/79¹

77 Y¹0 ( 18001 BRANCHING RAT IGS

Rl Y¹0(1800) I NTO (KBAR N) /TOTAL
Rl (0.4)
Rl (0 55)
Rl (0«151
Rl (0.30 1

Rl 0 ~ 36 0.05
Rl 3 ( ~ 52) OR 49
Rl , 21 ~ 04
Rl 1 TOTAL CROSS SECTION BUMP WITH
Rl ~ « ~ ~ ~ ~ ~ ~ ~

Rl AVERAGE MEANINGLESS (SCALE FACTOR

ARME NTERG 68
BA IL EY 69
A R ME NT E RO 70
KIM 71
LANGBEIN 72
MARTI N 77
RL IC 77
( J+1/2 ) X= ~ 29

2 ' 3)

( Pl)
DPWA 0 Et ASTICe Cf' EXCH
DPWA 0 ELASTIC@ CH EXCH
DPWA 0 ELASTIC' CH EXCH
DPWA K-MATRIX ANAL'
I P WA MUL T ICHA NNE L
DP WA KBAR N MULT ICHNL
DP WA KBAR N MULTI CHNL

SEEN BY CARROLL 76

11/68
10/70
10/70
3/71

12/72
11/77

1/76
2/77

RZ Y¹0(1800) FROM KBAR N INTO SIGMA PI SQRT ( PI¹ P2)
R2 2 {+0 20) ARMENTERO 70 DPWA 0 K-P TG SIGMA PI
R2 2 PUBL I SHED SIGN CHANGED TQ AGREE WITH LUND 1969 CONVENTION ( 5 EE TEXT )

RZ N (-0 ~ 13 ) (0 03) GALT IERI 70 DPWA 0 K-P TG SIGMA PI
R2 (0 17) KI M 71 DPWA K-MATRIX ANAL

R2 (0 01) OR LESS LA NGBE IN 72 I P WA MULT ICHA NNEL
R2 3 (+ ~ 25 ) OR + ~ 23 MART IN 77 DP WA KBAR N MULTICHNL
R2 —~ 24 04 RL IC 77 DPWA KBAR N MULTICHNL

6/70
10/7 4
7/70
3/7 1

12/72
11/77

1/76

R4 Y¹0( 1800) FROM KBAR N I NTG N K¹ (890 1 t Pl WAVE SQRT (P 1¹P4 )

R4 4 -0 14 0.03 CAMERGN2 78 DPWA K-P TO K¹N
R4 4 THE SIGN HERE IS CHANGED TG BE IN ACCORD W ITH THE BARYON-F IRST
R4 4 CONVENTION»

.12/79¹
12/79¹
12/79¹

R5 Y¹0(1800) FROM KBAR N INTO N K¹(890)g P3 WAVE SQRT (Pl¹P5)
R5 + ~ 35 0.06 CAMERGN2 78 DPWA K-P TG K¹N 12/79¹

R3 Y¹0{1800) FROM KBAR N TO SIGMA(1385 ) PI SQRT (Pl¹P3)
R3 + ~ 18 .10 PREVOST 74 0 P WA 0- K-N TO S (1385 ) P I 10/74

R5
R5

Y¹0(1800) FROM KBAR N INTO N K¹(890) g D3 WAVE SQRT {P1¹P5)
-0«13 0 ~ 04 CAMERGN2 78 DPWA K-P TO K¹N 12/79¹ SEE THE NOTES ACCGMPANYING MASSES QUOTED

MART IN
ALS G

ALSO
RL IC
At STGN

ALSO
CA HERON
CA MERON2

77 NP B 127 349
77 Np 8126 26e
77 NP B 126 285
77 NP 8119 362
78 PR D18 182
77 P RL 38 1007
78 NP B 143 189
78 NP B146 327

BRICMAN 70 PL 338 511
KI M 71 P RL 27 356

ALSO 70 DUKE 161
LANGBE IN 72 NP B47 477

REFERENCES FOR Y¹0( 1800)

C BRICMANg M FERRO-LUZZI g J P LAGNAUX(CERN) I JP
J K KIM ( HARV) I JP
J K«KIM (HARV) IJP
+WAGNER ( MPI M) I J P

MARTI N w PI DCQCK g MOORHGUS E ( LOU C+GLAS ) I J P
MART IN P IDCOCK ( LGUC )
MARTINyPIDCGCK (LOUC) IJP
GOPALg ROSS' VAN HORNg MCPHERSQN+ ( LQI C+RHEL) I JP
+K ENNEYy POLL ARDy ROSS+ ( L BL+MTHQ+C ERN ) I JP
ALSTON-GARNJGST g KENNEY ( LB L+MTHO+C ERN ) I J P
+FRANEKgGGPAL g BACON' BUTTER WORTH+ (RHEL+LOIC) I JP
+FRANE KtGG PAL t KALMUS 1 MC PHERSGN v+ ( RHFL+L 0 IC ) I J P

ARMENTER
BAILEY
ARMENTER
GALT 1 ER I
KI M

ALSO
LANGBEI N

68 NP BB 195
69 THES IS UCRL-50617
70 DUKE CONF 123
70 DUKE CONF 173
71 PRL 27 3 56
70 DUKE 161
72 NP 847 477

PREVGST 74 NP B69 246
CARROLL 76. PRL 37 806
MART IN 77 NP 8127 349

ALSO 77 NP B126 266
ALSO 77 NP B 126 285

RL I C 77 NP B 119 362
CA MERQN2 78 NP B 146 327

REFERENCES FOR Y¹0( 1800 )

ARMENTERDSv BA ILLGNr +
DAVI D SAAL BAILEY
ARMENTEROS e BA ILL GN g +
A BARBARO- GALT IER I
J K K I IM

J K KI M

+WAGNER

(CERNgHEIDELgSACLAY) I JP
(LRL LIVERMORE) I JP

{ CERN' HEIDEL) I JP
( LRL) I JP

(HARV) IJP
(HARV) I JP
{MPIM) I JP

PR EVOSTt BARLOUTAUD t+ ( SACL+C ERN+HEI D)
+CHIANGyKYCIAgl I ~

MAZURKA

MICHAEL+ ( BNL) I
MARTIN gPIDCGCKg MGGRHGUSE (i GUC+GLAS ) I J P
MART IN g P IDCOCK (LGUC)
MARTIN g PIDCOCK (LGUC ) I JP
GOPAL 1 ROSS t VAN HGRNt MCPHER SON+ (LOI C+RHEL) I JP
+FRANEKyGOPALg KALMUS g MCPHERSONy+(RHEL+LGIC) I JP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

A.(1eoo) 77 Y¹0( 1800 ' JP= 1/2+1 I=O 01 x(1eoo) 102 Y¹0( 1800 g JP=9/2-) I=O 09 1/76

SEE THE MINI-REVIEW AT THE START GF THE Y¹ LISTINGS

THE EVIDENCE FOR THI S STATE IS SQMiEWHAT CONFUSED ~ IT
WAS FIRST SUGGESTED IN A PARTIAL WAVE ANALYSI S OF
KBAR N DATA BY THE BEHAVIOUR OF THE P01 AMPL ITUDE
WHEN IT WAS PARAMETRIZED AS A TWQ-STRAIGHT-LINE
BACK GROUND ( AR MENT EROS 68 1

THI S NARROW RESQNANC E SEEMS NE CES SARY TO F IT A P EAK
IN THE A7 COEFFICIENT OF THE K-P ANGULAR DISTRIBUTION.
IT IS NOT REQU IRED IN ANY OTHER CHANNEL ~

ALMOST ALL THE RECENT ANALYSES CONTAIN A POl STATE v AND SOMETIMES
TWO BUT THE MASSES WIDTHS' AND BRANCHING RATIOS OBTAINED IN THE
DIFFERENT ANALYSES VARY GREATLY ~ SEE ALSO THE Y¹0(1600) P01 LISTING ~

1 808. 5. RL IC

102 Y¹0(1800) MASS {MEV) 1 /76

77 DP WA KBAR N MULTI CHNL 1/76

77 Y¹0(1800) MASS (MEV)
1 02 Y¹0(1800 ) WI DTH ( MEV 1 1/76

27 5 RL IC 77 DPWA KBAR N MULTICHNL 1/76
M

M

M

M N

M N

M

M

M

M 1
M 3
M 3
M 3
M

M

M AV

(1745 ~ 0) ARMENTERO 68 HBC 0 ELASTIC' CH EXCH
( 1 740 ~ 0) BAILEY 69 DP'WA 0 EL ASTI Cg CF EXCH
{1800 ~ 01 ARMENTERO 70 HBC 0 ElASTICg CH EX
(1750~ 0) ARMENTERQ 70 HBC 0 SIGMA PI
( 1690.0) ( 10 ~ 0) GALTIERI 70 HBC 0 S IG Ply EDPWA

ERROR STAT IST ~ ONLY NG ERRQR DUE TQ PARTICULAR P W ~ ANAL ~ I NCLUDED
(1755. ) KIM ' 71 DPWA K-MATRIX ANAL ~

1780~ 0 20 ~ 0 LANGBE IN 72 I PWA MULT I CHANNEL
1 746 ~ 10 PREVOST 74 DPWA 0- K-N TO S( 1385) P I
1735» 5 ~ CARROLL 76 DPWA I=O TOTAL CS
1 861 ~ OR 1953 MARTIN 77 DPWA KBAR N MULTICHNL

THE TWQ ENTRIES FOR MART IN 77 CORRESPOND TG EXTRACTION OF RESONANCE
PARAMETERS FROM THE T-MATRIX POLE AND FROM A 8-W FIT g RESPECTIVELY

1 853 ~ 20 ~ RL IC 77 DP WA KBAR N MULTI CHNL
~ ~ ~ ~ ~ ~ « ~ «

ERAGE MEANINGLESS {SCALE FACTOR = 3 5)

1 1/68
10/70
6/70
6/70
7/70
1/71
3/71

1Z/72
10/74
2/77

11/77

1/7e

Pl
PZ

Rl
Rl

R2
R2

102 Y¹0( 1.800) PARTIAl DECAY MODE S 1/76

Y¹0(1800) INTO KBAR N

Y¹0{18001 I NTQ SIGMA PI

DECAY MASSES
49 7+ 939

1197+ 139

102 Y¹0( 1800) BRANCHING RATIOS 1/76

(Pl) 1/76
77 DPWA KBAR N MULTICHNL 1/76

SQRT ( Pl¹ P2 ) 1/76
77 DPWA KBAR N MULTICHNL 1/76

Y¹0( 1800) I NTQ ( KBAR N) /TOTAL
~ 04 ~ 01 RLIC

Y¹0{1800) FROM KBAR N INTO SIGMA PI
L ESS T HAiN «04 RL IC

77 Y&0 (1800) WI DTH {MEV ) ¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
{147 01
( 300 ~ 0)

(30 0)
(70 0)
( 22 ~ 0)
{35 )
120. 0

46 '
{28 1

535 OR 585
166 20
90.0 20»0

W

W

W N

W

W

W

W 1
W 3

W

W

10 ~ 0
20 '

~ ~ ~ ~ «« ~ ~ ~

AVERAGE MEANINGS ESS (SCALE FACTO
SEE THE NOTE S ACCOMPANY IN G

ARMENTERO 68
BAILEY 69
ARME NTERO 70
ARMENT ERO 70
GALTIERI 70
K IM 71
L ANG BE I N 72
PRE VGST 74
CARR GLL 76
MART I N 77
RLIC 77
CAMERON2 78

R = 2 ' 61
MASS ES QUOTED

HBC
DPWA
HBC
HBC
HBC
DPWA
I P'WA

0PWA
DPWA
DPWA
DP WA

DP WA

0
0 ELAST ICg C H EXCH
0 E LAST I C g C 1- EX
0 SIGMA PI
0 S IG P lg EDPWA

K-MATRIX ANAL'
MUL T I CH ANN EL

0- K-N TO S (1385 ) PI
I =0 TOTAL CS
K BAR N MUL T IC HNL
K BAR N MULTI CHNL
K-P TO K¹( 890) N

10/70
6/70
6/70
7/70
3/71

12/72
10/74

2/77
11/77
1/76

12/79II

RLIC 77 NP B119 362

REFERENCES FOR Y¹0 (1800 )

GOPALp ROSS gVAN HORN» MCPFERSON+ (LOIC+RHEL ) I JP
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Baryens
A(1800), 6{1815)

Data Card Listings
For notation, see key at front of Listings.

~(18oo)
BUMPS

THE I-SP IN I S
QBS ERVEDr I=o

119 Y+ Ol 1800 r JP= ) I=? PRODUCTION EX P ER IHENT S

LOCKMAN 78 OBSERVE A 5 STD«OEV ~ ENHANCEMENT IN THE
LAMBDA PI+ PI- MASS SPECTRUH FROH THE REACTION
PP --& LAMBDA P I+ PI- + ANYTHING IN A CERN I SR
E XPERI MENT AT C M«ENERGI ES OF 43 AND 62 GEV ~

THE HAIN DECAY MODES APPEAR TO BE Y+ 1( 1385) PI AND
Y&l ( 1560) PI (SEE THE ENTRY FOR Y rrl {1560) ) ~

NOT ESTABLISHED r BUT SINCE THE LAHBDA PI DECAY IS NGT
IS MARGINALLY P REFERRED ~

EJTTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial deca. y mode
branching fractions, P., as follows: The diagonal elements are P. + 6P. , where1' 1 I
6P. = Q (6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-r 1
cients (6P.6P. ) /{6P. ~ 6P.). For the definitions of the individual P. , see the listingsi j i j '

1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1

are thus constrained to add to i.

60 1802 ~

119 Y+0( 1800) MA SS (HEV) ( PROD ~ EXP )

3 ~ LOCKMAN 78 SPEC 0 PP TQ L PI PI X 12/79+

P 6P 5P 4P 2 P 3P 1
P 1 ~ 6 0 C 8+- ~ 0193
P 2 —»4763 1155+- ~ 0078
P 3 —~ 1042 ~ 0496 ~ 1034+-~ 0287
P 4 ~ 3565 ~ 0111 «8126 ~ 1579+ ~ 0334
P 5 —~ 0579 0276 ~ 0060 —~ 2343 ~ 0153+- ~ 0085
P 6 ~ 0361 ~ 0172 ~ 0038 «1 750 ~ OOZ 1 ~ 0070+ ~ 006 3

119 Y&0( 1800) WIDTH ( ME V) ( PROD ~ EXP ~ )

C 60 24 8 ~ LOCKMAN 78 SPEC 0 P P TO L PI PI X 12/79')'
W C CBSE RVED W I DT H CONS IST ENT WITH EXP ER IHENTAL RE SQLUTI QN

39 Yrf'0( 1815) BRANCHING RATIOS

Pl
P2
P3

Rl
Rl

R2
R2

R3
R3

Y&0(1800) INTO LAMBDA P I PI
Y+0(1800) INTO Y+1( 1385) PI
Y&0( 1800) INTO Y&1( 1560) PI

DECAY HASSES
1115+ 139+ 139
1384+ 139
1553+ 139

119 Yrf'0( 1800 ) BRANCHING RATIOS ( PROD ~ EXP ~ )

Y&0(1 800) INTO LAMBDA P I PI
SEEN

Y&0(1800) INTO Y&I( 1385) PI
SEEN

Yrf'0(1800) INTO Yrfrl ( 1560 ) PI
SEEN

(Pl)
LOCKMAN 78 SP EC 0 P P TQ L PI PI X 12/794

( PZ)
LOCKMAN 78 SPEC 0 PP TQ L PI P I X 12/79+

( P3)
LQCKMAN 78 SPEC 0 PP TO L PI PI X 12/79''

119 Y+0(18001 PARTIAL DECAY MODES (PROD EXP ) ERRORS QUOTED BY EXPERIHENTERS DO NOT INCLUDE UNCERTA INTY DUE
TG PARAMETR IZATI QN USED IN THE P ~ W ~ A ~ THEY SHOUlD BE INCREASED.

{Pl)
0 ELAST ICr C F EXCH
0 K-P r D TOTAL
0 TOTAL AND CH EX

S IGTQTr ELASr CHEX
K-Pr D TOTAL

0 ELAST ICr CF EXCH
K-MATRIX ANAL
HULT ICHA NNEL
K BAR N TG KBAR N

KBAR N MULTI CHNL
KBAR N MUL TICHNL
KBAR N ELAST IC

ARME NT-3
BUGG
BR I CHAN
BRICHAN1
COOL
CONF GRTQ
KI M

LANGBE IN
DECLAIS
HARTIN
RL IC
ALSTON

Rl Y+0 (1815) INTO (KBAR N) /TOTAL
Rl 0«62 0 ~ 02 68 HBC
Rl (0 72) 68 CNTR
Rl O«65 0 ~ 02 Yo CN TR
Rl 0 ~ 58 0 02 70 DP WA

Rl (0 8) 70 CNTR
Rl 0. 63 0 ~ 01 71 DPWA
Rl- (0.52 ) 71 DPWA
Rl 0 ~ 47 0 «02 72 IPWA
Rl ( ~ 51) 77 DP WA

Rl 2 i ( ~ 59 )OR ~ 58 77 DP WA

Rl 57 02 77 DP'WA

Rl ~ 60 ~ 03 78 DPWA'

Rl ~ « ~ ~ ~ ~ ~ « ~

Rl AVG 0 601 0 ~ 021 AVERAGE ( ERROR INCLUDES SCAL E FACTOR OF 3 ~ 2 )
Rl STUDENT 0 ~ 6128 0 ~ 0100 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN T
Rl FIT o.eol 0.019 FR0M FIT (ERROR INGLUDEs scALE FAGToR oF 3.0)

11/68
6/68
6/70
1/71

10/70
6/70
3/71

12/72
1/78

ll/77
1/76
1/78

EXT

REFERENCES FOR Y+0( 1800) l PROD ~ EXP )

LOCKMAN 78 CEN DPHPE 78-01 +MEYERr RANDE Rr PGSTERr SCHLEIN+ {UCLA+SACL)

39 Y+0 ( 18 15r JPr: 5/2+ ) I& 0 05
SEE THE MINI-R E V IE W AT THE START OF THE Yrf' LISTINGS ~

THl S STATE I S WELL ESTABLI SHED ~ MOST OF THE QUOTED ER-
RORS ARE STATISTICAL ONl Y THE SYSTEHATI C ERRORS DUE TO
THE PARTICULAR PARAMETRI ZAT ION US ED IN T HE P «W «A «ARE

NGT INCLUDED. FOR THIS REASON WE DG NOT CALCULATE WEIGHTED AVERAGES FOR
MASS AND WIDTHS

R2
R2
R2
R2
R2
R2
R2
R2
R2 2
R2
R2
R2
R2
R2

Y+0(1815) FROM
1 -0 27
1 PUBL I SHED S IGN

0«23
-0 ~ 26
(0 26)
-0 268
0. 25(- ~ 25 )OR
—~ 28

~ « ~ ~ «

A VG MQD 0 ~ 2645
STUDENT 0 ~ 26 50
F IT 0 ~ 2635

KBAR N I
0 F 01

CHANGED
0 ~ 025
0 ~ 03

0 ~ 027
0 ~ 03

-«25.03

NTO SIGMA P I
AR ME NT-1

TQ AGREE WI TH LU
BELL
GALTI E RI
KIM
KANE
LANGBE IN
HARTIN
RLI C

SQRT ( P Irf' P2)
67 DPWA 0 K-P TO SIGHA PI

ND 1969 CONVENTION (SEE TEXT)
67 DP WA 0 K-P TO SIGMA PI
70 DPWA 0 K-P TO SIGMA PI
71 DP WA K-MATRI X A NAL ~

72 DPWA 0 K P TO PI SIG
72 I P WA MULT I CHA NNEL
77 DP WA KBAR N HULTICHNL
77 DPWA KBAR N MULTICHNL

10/74
10/74
11/67

7/70
3/71

10/71
12/72
11/77

1/76
~ ~ « ~

0 0078 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
0 ~ 0087 AVERAGE USING STUDENT10(H/1 11) -- SEE HAIN TEXT
0 ~ 0078 FROM F IT ( ERROR INCLUDE S SCALE FACTOR GF 1 0)

9/73
9/73

R3 Yr)'0( 18151 FROM KBAR N TO ETA LAMBDA SQRT {Pls P4)
R3 —~ 096 ~ 040 ~ 020 RA DER 73 H P WA

R3 ~ ~ ~ ~ ~ ~ ~ ~ ~

R3 F IT 0 ~ 096 0 ~ 027 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

39 Y+0( 1815) MASS {ME V)

H N 1813 0 (2 ~ 0)
M N 1816 0 (4 0)

N 1817~ 0 (2 ~ 0 )
M N 1819~ 0 (4«0)
M N 1825.0 (1 ~ 0)
H N 1819«0 (1 ~ 0)
M 1830 ~ 0 ( 10.0 )
M 1 820 ~ 0 ',". ( 10 ~ 0 )
H N 1818~ 0 . (2 ~ 0)
M 1810
H N 1823 ~ 0 (3 ~ 0)
H N 1S18~ 0 (3~ 0)
M (1830 ]
H 2 1817 OR 1819
M 2 THE TWO ENTRIES FOR
H 2 PARAMETERS FROM THE
H N 1822 (2 ~ )
M 1819~ (2 ' )
M N ERROR STATIST' ONf

39 Y&0( 1815) WIDTH (HEV)

W

W

N

W N

W N

W N

W

W

W N

W N

W N

W

W 2
W N

87 ~ 0
64 ~ 0
71 ~ 0
75 0
8' 0
79 ~ 0

100 ~ 0
100.0 (20 ~ 0)
90 ' 0 (4.0)
70 '

104 ~ 0 ( 16~ 0)
70 0 (5 ~ 0)

(82. )
76 ~ 0 R 76«
81 (5 ~ )
72 ~ (5 ~ )

SEE THE NOTES ACCOMPANYING

AR ME NT-1 67
BELL 67
ARHENT-3 68
BUGG 68
BR I CMAN Yo
BR I C MAN1 70
COOL 70
GALT I E R I 70
CONFORTG 71
KIH 71
KANE 72
LANGBEIN 72
DECL A IS 77
MARTI N 77
RLIC 77
ALSTON 78

HASSES QUOTED

HBC
HDBC'
HBC
CNTR
CN TR
DP WA

CNTR
DPWA
DP WA

DP WA

DPWA
I P WA

DP WA

DP'WA

DP WA

DPWA

0
0
0 ELAST ICr C l-. EXCH
0 K-P r D TOTAL
0 TOTAL AND CH E X

S IGTOTr ELASr CHEX
K-Pr 0 TOTAL

0 K-P TO S IGHA P I
0 ELASTICr CH EXCH

K-HATRI X ANAL
0 K-P TO PI SIG

MULTICHA NNEL
KBAR N TQ KBAR N

K BAR N HULTI CHNL
KBAR N HULTICHNL
K BAR N EL A ST I C

ARME NT-1 67 H BC 0 K-P TO S I GMA P I
BELL 67 HDBC 0 K-N TO SIGMA PI
ARHENT-3 68 HBC 0 ELASTIC CH EXCH
BUGG 68 CNTR 0 K-P r 0 TOTAL
BRICMAN 70 CNTR 0 TOTAL AND CH EX
BR ICMANl YO DPWA S IGTOT, ELAS, CHEX
COOL 70 CNTR K-P D TOTAL
GALTIERI 70 DPWA 0 K-P TQ SIGMA PI
CONFORTO 71 DPWA 0 ELASTICr CH EXCH
KIM 71 DP WA K-MATR I X A NA( ~

KANE 72 DPWA 0 K-P TO PI SIG
LANGBE IN 72 I P WA MULTICHANNEL
DECLAIS 77 DP WA KBAR N TO KBAR N

MARTIN 77 DPWA K BAR N MULTICHNL
HART IN 77 CORRESPOND TO EXTRACTION OF RESCNANCE
T-HATRIX POLE AND FROM A 8-W FITr RESPECTIVELY ~

RL IC 7Y DP WA KBAR N HULT ICHNL
ALSTON 78 DPWA KBAR N ELASTIC

Y- NO ERROR DUE TO PART ICULAR. P ~ W .ANAL ~ INCLUDED

8/67
11/67
11/68
6/68
6/70
1/71

10/70
7/70
6/70
3/Yl

I0/71
12/72

I /78
11/77

1/76
1 /78
)./71

8/67
ll/67
11/68
6/eS
6/70
1/71

10/70
7/70
6/70
3/71

10/71
12/72

1/78
11/77

1 /76
1/78

R4 Y&0( 1815) I NTQ l Y+I l 1385) PI ) /TOTAL (P5)
R4 0 ~ 20 0 ~ 05 BIRGE 65 HBC 0 K-P TQ I AM PI PI 7/66
R4 ~ ~ ~ ~ ~ «« ~ ~

R4 F IT 0«103 0»029 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 5)

Yrf'0( 1815) INTO ( SIGMA PI PI ) /TOTAL (P3)
NG CLEAR SIGNAL ARMENT-4 68 HDBC 0 K-N TO 5IG PI PI 11/68

THERE I S A SUGGESTION OF A BUMPr ENOUGH TO BE CONSISTENT WITH
WHAT I S EXPECTED FROM SIGMA PI DECAY OF THE Y+1(1385) -- ABOUT 0 ~ 02 ~

« ~ « ~ ~ « ~ ~ ~

0«158 0«033 FROM FIT

R5
R5 P
R5 P
R5
R5
R5 FIT

Re Y+0(1815) FROM KBAR N TO Ys 1(1385) PI P-WAVE SQRT(PI~P5)
R6 A (0 3) (0«05) ARHENT-2 67 HBC 0 K-P TO LAM P+ P+
R6 + ~ 27 ~ 03 PREVOST 74 DPWA 0- K-N TQ S(1385)PI 10/74
R6 3 —~ 167 ~ 054 CAMERON 78 DPWA 0 K-P TO S(1385)P I 1/78
R6 ~ ~ ~ ~ ~ ~ « ~ ~

R6 AVG HQD 0 ~ 246 0 044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7)
R6 STUDENT 0«248 0 ~ 031 AVERAGE USING STUDENT10(H/1«ll) -- SEE MAIN TEXT
Rb FIT 0 «249 0 ~ 034 FROM FIT l ERROR INCLUDES SCALE FACTOR QF 1 ~ 5)

BIRGE
ARHENT-1
ARHENT-2
BELL
ARHENT-3
ARMENT-4
BUGG

65 A THENS CONF 296
67 PL 248 198
6Y ZEI T PHYS 202 486
67 PRL I 9 936
68 NP BB 195
68 NP BB 2le
68 P R 168 1466

REFERENCES FOR Yrfro ( 1815)

+ELYr KALMUSrKERNANrLOUI ErSAHOURIAr + ( LRL) I JP
ARHENTEROS F LUZZ I + (CERN HEIDEL SACLAY) I JP
ARHENTEROSr F LUZZ I ~ + (CERNr HEIDELr SACLAY ) I JP
R B BELL ( LRL) I JP
ARHENTEROS r BAILLONr + (CERNr HEIDELr SACLAY ) I JP
ARHENTEROSr BAlLLONr + (CERNrHEIQELr SACLAY) I
+GILMOREr KN IGHTr + (RHEL+BIRM+CAVE) I

BR I CHAN 70 PL 318 152
BRIC MAN1 70 PL 338 511
COOL 70 P R D 1 1887
GAl T I ERI 7 0 DUKE CONF 173

+FERRO LUZZI r PERREAUr+ l CERN rCAENr SACLAY)
+FERRO-LUZZI r LAGNAUX (CERN )
+GIACOMELLIr KYCIAr LEGNTICr LIr + {BNL) I
A BARBARO-GALTI ERI (LRL) I JP

R7 Y&0( 1815) FROM KBAR N TO Ys' ll 1385) PI F-WAVE SQRT (Plrf'Pb)
R7 3 + 065 029 CAMERON 78 DP WA 0 K-P TO S( 1385)PI 1/78
R7 3 THE

'

SIGN HERE AND IN R6 IS CHANGED TO BE IN ACCORD W ITH THE 12/79+
R7 3 BARYON-F IRST CONVENTION« 12/79+
R7 ~ ~ « ~ ~ ~ ~ ~

R7 F IT 0 ~ 065 0 ~ 029 FROM FIT (ERRGR INCLUDES SCALE FACTOR OF 1 0 )

Pl
P2
P3
P4
P5
Pb

Y&0( 1815)
Y&0(1815)
Y+0(1815)
Y&O( 1815)
Y+0(1815)
Y+0( 1815)

KBAR N

SIGMA PI
SI GHA PI PI
E TA LAMBDA
Y&1 l 1385 ) PI P-WAVE
Y+1( 1385 ) PI F-WAV E

I NTQ
INTO
I NTQ
I NTQ
I NTG
INTO

39 Yrr'0(1815 ) PARTIAL DECAY MODES

DECAY HA SSE S
497+ 939

1189+ 139
1192+ 139+ 139
548+1115
139+1384
139+1384

CCNFORTG 7 1 NP B34 41
KI H 71 PRL 27 356

ALSO 70 DUKE 161 .

KANE 72 PR D5 1583
LANGBE IN 72 NP 847 477
RA DER 73 NC 16A 178
PREVQST 74 NP B69 246

+LEVI SETTI r LASINSKI » ~ OBERLACK++ (EF I+HEI D) I JP
J K KIM (HARV) I JP
J ~ K» KIH (HARV) I JP

D F KANE (LBL ) I JP
+WAGNER l HPIM) I JP
+BARLOUT AlJ Dr + ( SACL+HE ID+CE RN+RHE L+C OEF )
PRE VOST r BARL OUTA UD r+ ( SACL+C ERN+HE I D )
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Data Card Listings
For notation, see key at front of Listings.

Baryons
A(1815), A(1830), A(1860)

DECLAIS
MA RT I N

ALS G
AL SO

RLIC
AL STON

ALSO
CA HERON

77 CERN 77-16
77 NP B 127 349
77 NP 812 6 266
77 NP 8126 285
77 NP 8119 362
78 P R D18 182
77 PRL 38 1007
78 NP 8143 189

+DUCHONgLOUVELy PATRYtSEGUINOT+ (CAEN+CERN)IJP
MARTIN PI DCOCK HOORHOUS E ( LOUC+GLAS ) I JP
MART INy. PIDCOCK ( LGUC )
MARTINyPIDCOCK (LbUC }I JP
GOPALgROSSs VAN HORNgMCPHERSON+ (LOIC+RHEL) I JP
+KENNEYy POLLARD' ROSS+ ( L BL+MTHO+C ERN ) I JP
AL STON-GARNJOST y KENNEY ( L BL+MTHO+C ERN ) IJ P
+FRANEKe GOPAL w BACON' BUTTER'WORTH+ (RHE L+LOI C) I JP

ARME NTE R 67 P L 248 198
BELL 67 PRL 19 936
ARHENTER 68 NP 88 195
CGNFG/TG 68 NP B8 265

I S S UP ER S E D E D BY C C NF 0RT 0
BR I CHAN 1 70 P L 338 5 11
GALT IERI 70 DUKE CONF 173

ARMENTEROS e F-LUZZ I y +
R B BELL
ARHENTEROS g BAILLQNg +
+HARMSENg LASINSKI ~ +
71 '
+FERRO-LUZZI g LAGNAUX
A BARBARO-GALTIERI

(CERNgMEIDELg SACLAY) I JP

(CERN' HEIDELp SACLAY) I JP
(CHICAGOpHEIDEL) I JP

(CERN )
(LRL) I JP

REF ER ENCE S FOR Y+0( 1 830)

CHAMBERL
GALT I ERI
SODI CKSO
HOLL EY
8 I RHINGH
COOL
GE LF AND
ARNE NTER
CONFORTO
LASI NSK I
PREVOST

62 P R 125 1696
63 PL 6 296
64 PR 133 8757
65 UCRL-16274 THESIS
66 PR 152 1148
66 PRL 16 122 8
66 PRL 17 1224
67 NP B3 592
68 NP 88 265
68 PR 163 1792
7 1 AMSTERDAM CONF

CHA MBE RLA I N gCRQWE q KE EF E q KE RTH g + (LRL} I
A BARBARO-GALTIERI gA HUSSAINw RD TRIPP ( LRL) I J
SODICKSONe HANNELLI sFRISCHy WAHL IG (HIT ( BNL ) ) J
W R HOLLE Y ( LRL) J
BIRN INGHAH GLASGOW I C ~ OXFORD, RUTHERF GRD
+GI ACOMELL I g KYC I A y LE GNT IC g LUND BY + ( BNL ) I
+HARHSENg LEV I- SE TTI g PRCDAZZI+ (EF I y ANL )
ARNENT EROS g F ERRO-LU 2 ZI+ {C ERN e HEIDI' SACLAY ) I JP
+HARHSENg LASINSKI g +

(CHICAGO'

HE�IDEL�
) I JP

LAS INS Kly LEVI SETTI t PREDAZZ I (CHICAGO) JP
+ CHS COLLABORATION (CERN+HEI D+S ACI )

PAPERS NQT REFERRED TO IN DATA CARDS

THE FOLLOWING PAPERS ARE NGW DF ONLY HISTORICAL INTEREST

PRE VGST 74 NP 869 246

MARTIN
ALSO
ALSO

RLIC
ALSTGN

ALSO
CA HERON

77 NP B127 349
77 NP B 126 266
77 NP 8126 285
77 N'P B 119 362
78, PR D18 182
77 PRL 38 1007
78 NP 8 143 189

CONFORTO 71 NP 834 41
KI H 71 PRL 27 356

ALSO 70 DUKE lbl
KANE 72 PR D5 1583
LANGBE IN 72 NP B47 477
RADER 73 NC 16A 178

+LE VI SETTI g LASI NSKI OBERLACK++ ( EF I+HEID) I JP
J K KIH (HARV) I JP
J ~ K ~ KI H {HARV ) I JP
D F KANE ( LBL) I JP
+WAGNER ( HPI M) I J P
+BARLQUTAUD g+ ( SAC L+ HE I 0+CE RN+ RHEL+CDEF )

PRE VGST qBA RL QUTAUD r+ (5ACL+C ERN+HE ID )

MART INy P IDCGCKy MGORHOUSE ( LGUC+G LA S ) I JP
MARTINtPIDCGCK ( LQUC }
HART IN P IDCOCK '( LCUC }I JP
GOPALt ROSS gVAN HORN t HCPHERSON+ (LOI C+RHEL) I JP
+KENNEYyPGLLARDtROSS+ ( L 8L+ HTHO+C E RN ) I J P
ALSTON-GARNJQSTy KENNEY ( L BL+MTHG+C ERN) I J P
+FRANEKyGOPALe BACON' BUTTERWORT H+ {RHEL+LQIC ) IJP

PAPERS NOT REFERRED TO IN DATA CARDS

56 Y+0( 1830 JP=5/2-) I=O 05
PREVGST 71 AHSTERDAH CONF + CHS COLLABORATION {CERN+HEID+SACL)

SEE THE HI NI-REVIEW AT THE START OF THE Y+ LISTINGS

THE BEST EVIDENCE FOR THIS RESONANCE COMES FROH THE
SIGHA PI CHANNCL IT IS WELL ESTABLISHED

56 Y+0 (1830) MASS (NEV)

(3 ~ 0)
{11 0)
(10 ' 0)
(15 ~ 0)
{5~ 0)

56 Y40( 1830 ) WIDTH (MEV )

W

W

W

W

W

W K

W

W 1

(9 ~ 0)
( 18 ~ 0)
{32 ~ 0)
{30~0 )
( 35 ~ 0)

75 ~ 0
74 ' 0

123 ~ 0
150.0
104~ 0

80 ~

(20 )
88 ~ 0 (10 0)
60+0 {20~ 0 )
56 ~ OR 56
94 (10 ~ )

SEE THE NOTES ACCOMPANYING

ARMENTERO 67
BELL 67
ARHENTERO 68
GALT I ER I 70
CONF OR TO 71
KIN 71
KI M 71
KA NE 72
LANGBE IN 72
MARTI N 77
RL IC 77

MASS ES QUOTED

HBC
HBC
HBC
DPWA
DP'WA

DPWA
DPMA
DPWA
IP WA

DP WA

DP WA

0 K-P TO SIGMA PI
0 K-P TO S IGMA PI
0 E LASTIC y CH EXCH
0 K-P TO SIGMA P I
0 E LAST IC t C {-. EXCH

K-MATRIX ANAL
K-MATRIX ANAL ~

0 K-P TO P I SIG
MULTICHANNEL
K BAR N MULT I CHNL
KBAR N MULTI CHNL

N 1827 ~ 0 ARHENTERO 67 HBC 0 K-P TO SIGNA PI
N 1837~ 0 BELL 67 HBC 0 K-P TO SIGHA PI
N 1807 0 ARHENTERO 68 HBC 0 ELASTIC e CH EXCH

1 840 ~ 0 GALT IERI 70 DPWA 0 K-P TO SIGMA PI
N 1831~ 0 CONFQRTD 71 DPWA 0 ELASTIC' CI- EXCH

1830 ~ KIH 71 DP WA K-MATRI X A NAL ~

K (1720+ ) KI M 71 DPWA K-MATRIX ANAL ~

1832 0 ( 5e0) KA NE 72 DPWA 0 K-P TO PI SIG
1810+0 (10 ~ 0) LANG BE IN 72 IP'WA MULTICHANNEL

1 '1817 OR 1818~ HARTIN 77 DPWA KBAR N MULTICHNL
1 THE TWO ENTRIES FOR HARTIN 77 CORRESPOND TO 'EXTRACTION OF RESCNANCE
1 PARAMETERS FROM THE T-HATRIX POLE AND FROM A 8-W FIT RESPECTIVELY

1825~ ( 10~ ) RLIC 77 DPWA KBAR N MU{ TICHNL
K POSSI BLE EFFECT MAINLY IN SIGMA P I ~ NOT CLEA'R IF UNCQRRELATED
K W I TH THE 1830 EFF EC T
N ERROR STATIST ONLY NO ERROR DUE TO PARTICULAR P ~ W ~ ANAL ~ INCLUDED

8/67
11/67
11/68
7/70
6/70
3/71
3/71

10/71
12/72
11/77

1/71

8/67
8/67

11/68
7/70
6/70
3/71
3/71

10/71
12/72
11/77
1/76

60 Y~o {l8eo, JP 3/2+) I 0 03
THE JP=3/2+ ASSIGNMENT IS CONS I STENT 'WITH ALL
AVAILABLE DATA ( INCLUDING POLARI ZATION) AND RECENT
PARTIAL WAVE ANALYSES THE DOMINANT INELASTIC
HODES REMAIN UNKNOWN SEE ALSO Y~O( 2010 ) MINI-REVIEW,

60 Y+0( 1860) MASS ( ME V)

M A

M N

H A

M

N 'N

N 1
M

M 2
M

H 3

M

H

M 4
M

M

M A

H A

M N

M 1
N 2
H 3
M

H AV

60 Y+0(1860) Wl DTH (HEV )

F07 1864.0 ARMENTERQ 68 DPWA 0 ELAST ICt CH EXCH
1870 ~ 0 BUGG 68 CNTR 0 K-P TOTA L

F07 1 877 ~ 0 BRICMAN 70 CNTR 0 TOTAL AND CH EX
1870 0 BRICMANl 70 DPWA 0 S IGTOT~ ELASe CHEX
1883 0 CONFORTO 71 DPWA 0 ELASTIC' CH EXCH

(1710 ) KIM 71 DPWA K-MATRIX ANAL
1850 0 20 0 LA NGBE IN 72 I PWA MULTI CHA NNEL

{1868 LEA 73 DP WA MULTICHNL K-MTRX
1 894 10 ' HEHINGWA 75 DPWA 0 K- P TO KBAR N

(1900- ) NAKKA SYA 75 D PWA 0 K-P TO LAM ~ OMG.
SEEN BACCARI 77 IPWA 0 K-P TQ LAH ~ OHG ~

1 8 56 ~ OR 1868 ~ MARTIN 77 DPWA KBAR N NULTICHNt
THE TWO ENTRIES FOR MART IN 77 CORRESPOND TO EXTRACTION OF RE SONANCF
PARAMETERS FROM THE T-MATRIX POLE AND FRQH A 8-W FIT t RESP ECT IVELY ~

1900. '

5 ~ RLI C 77 DPWA KBAR N MULTICHNL
1 908 10 ALSTON 78 DPWA KBAR N ELASTIC

THESE TWO ANALYSE S GA VE THE F07 ASSIGNMENTS THEY HA VE TO 8 E
DISCARDED IN VIEW OF CONFQRTG 70 AND BRICMAN1 70
DUE TO PARTICULAR PARAMETERIZATIGN USED ERROR CAN BE LARGE

POSSI BL E EFFECT MAINLY IN SIGMA PI WE TENTATI VELY LI ST IT HERE
CNLY UNCONSTRAINED STAT ES FROM TABLE 1 OF L EA73 ARE 'IN LISTINGS ~

FOUND IN GNE QF TWG BEST SQ{.UTIQNS
~ ~ 0 ~ ~ ~ ~ ~ 0

ERAGE MEANINGLESS (SCALE FACTOR = 2 4)

11/68
7/68
6/70
1/71
6/70
3/71

12/72
9/73

1 1/75
1 /76
l/78

11/77

I/76
1/78
1/71

1/71

9/73
1/76

56 Y&0( 1830) PARTIAL DECAY HGDE 5

Pl Y+0(1830) INTO KBAR N

P2 Y&0(1830) I NTO SIGHA PI
P3 Y&0(1830) INTO Y&1{1385) PI D-WAVE
P4 Y+0(1830) INTO ETA LAMBDA

DECAY MASSES
497+ 939

1189+ 139
139+1384
548+1115

56 Y+0( 1830) BRANCHING RATIOS

Rl
Rl
Rl
Rl
Rl
Rl
Rl 1
Rl
Rl

Y+0(1830) INTO
0 ~ 09
0 ~ 03
0 ' 05

(0 24)
0 10
( ~ 04 )OR

~ 04
~ 02

(KBAR N)/TOTAL
(0 01)
( 0 ~ 02)
(0 ~ 02)

{0 ~ 03)
~ 04

( ~ 03)
02)

AR MENT ERO
BRI C MAN1
CONFORTQ
KIN
LANGBE IN
HART I N

RLIC
AL STQN

(Pl)
68 HBC 0 EL, ASTICy CH EXCH
70 DPWA SIGTOTt ELASsCHEX
71 DP WA 0 ELASTICt CH EXCH
71 DP'WA K-H ATR IX ANAL
72 I PWA HULTICHANNEL
77 DP WA KBAR N MULTICHNL
77 DP WA KBAR N MULTICHNL
78 DP WA KBAR N E LASTI C

R2
R2 A

R2 A

RZ
R2
R2
R2
R2
RZ 1
R2

Y+0(1830) FROM
(-0 15 )

P UBL I SHED S I GN
Ool9

-0 ' 16
0 ~ 15

-0 o 138
0 27

{-«17)OR- F 17

(0 ~ 018)
(0 ~ 071
-+17

{ 03)

KBAR N INTO Sl GMA PI SQRT {Pl + P2 )
(0 02) ARNENTERO 67 DPWA 0 K-P TO SIGMA PI
CHANGED TO AGREE WITH LUND 1969 CONVENTION ( SEE TEXT )
(0 01) BELL 67 DP WA 0 K-P TO S IGHA PI
(0 ~ 03) GALT IERI 70 DPWA 0 K-P TO SIGHA PI

KIM 7l DPWA K-HAT RIX ANAL ~

KANE 72 DPWA 0 K-P TO PI SIG
LANGBEIN 72 IPWA MULTICHANNEL
MARTIN 77 DPWA KBAR N HULTICHNL
RL IC 77 DP WA KBAR N HULTICHNL

11/68
1/71
6/70
3/71

12/72
11/77
1/76
1/78

10/74
10/7 4
11/67

7/70
3/71

10/71
12/7 2
11/77

1/76

W A F07
N

W A F07
W

W N

W 1

W 2

W 3
W 4
W

M

W S
W

W AVERAG

D PWA

CNTR
CNTR
DP WA

DPWA
DPWA
IPWA
DPWA
0PMA
DPWA
DP WA

DP WA

DPWA

60 Y+0 (1860) PARTIAL DECAY MODES

Pl
P2
P3
P4
P5
P6

Y+0{1860) I NTG
Y&0( 1 860) INTO
Y+0( 1860) I NTQ
Y+0( I 860) I NTO
Y+0 ( 1860) INTO
1+0{1860} I NTO

KBAR N

S IGHA PI
LAMBDA OHEGA
Y+I( 1385) PI P-WAVE
Y+I( 1385) PI F-WAVE
N K+ {890)~ Pl WAVE

60 Y+0( 1860) BRANCHING RATIOS

39 0 ARMENTERO 68
40 0 BUGG 68
24. 0 BR IC HAN 70
37 0 BR I CHAN). 70
80 0 CONF GRTQ 71

{20 ) KIH 71
125 0 20 0 LANGBE IN 72

( 323 8) LEA 73
107 10 ' HEM INGWA 75

( 100. ) NA KKA SYA 75
191 OR 193 ~ MARTIN 77

72 ' 10 ~ RL IC 77
119~ 20 ALSTON 78

EE THE NOTES ACCOHPANYING MASSES QUOTED
~ 0 ~ ~ ~ ~ ~ ~

E MEANINGLESS (SCALE FACTOR = 2 ~ 8)

0 E LASTICt CH EXCH
0 K -P TOTAL
0 TOTAL AND CH EX
0 SIGTQT ELAS CHEX
0 ELAST ICt C H EXCH

K-HATRIX ANAL
HULTICHANNEL
HULT I CHNL K-MT RX

0 K— P TO KBAR N

0 K-P TO LAM ~ OHG ~

KBAR N NULTICHNL
KBAR N MULTICHNL
KBAR N ELASTIC

DECAY MA SSE S
497+ 939

1189+ 139
1115+ 782
139+1384
139+.1384
939+ 892

11/68
7/68
e/70
1/71
6/70
3/71

12/72
9/73

11/75
1/76

11/77
1/76
1/78

R3 Y+0 (1830 ) FRQM KBAR N TO ETA LAHBDA SQRT (Pl+P4)
R3 —~ 044 ~ 020 RA DER 73 MP WA

R4 Y+0(1830) FROM KBAR N TQ Y+1(1385) PI D-WAVE SQRT(P1+P3)
R4 , + 13 ~ 03 PREVOST 74 DPWA 0-. K-N TO S ( 1385 ) P I
R4 2 +.141 .014 CAMERON 78 DPWA 0 K-P TO S(1385)P I
R4 2 CAME RON 78 UPPER LIMIT ON G-WAV E DECAY IS 0 ~ 03 ~ THE SIGN HERE I S
R4 2 CHANGED TO .BE IN ACCORD WITH THE BARYON-FIRST CONVENTION
R4 ~ ~ ~ ~ 4 ~ ~ ~ ~

R4 AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

9/73
9/73

10/74
1/78

12/7~
12/ 79)I'

Rl Y+0 (1860) INTO {KBAR N) /TOTAL
Rl A F07 0 12 0 ~ 02 ARMENTERO 68
Rl (J+1/2)PI= 0 40 BUGG 68
Rl A F07 0 ~ 07 0 e02 BRI CHAN 70
Rl 0 14 0 ~ 02 BR ICHAN1 70
Rl N 0 25 0.03 CONFORTO 71
Rl 0 37 0 ' 05 LANGBEIN 72
Rl 2 { 32) LE A 73
Rl ~ 24 ~ 04 HEMINGWA 75
Rl 4 { 36)QR ~ 34 MA RT IN 77
Rl 18 ~ 02 RL IC 77
Rl .34 ~ 05 ALSTQN 78
Rl SEE THE NOTES ACCOMPANYING MASSES QUOTED
Rl ~ ~ ~ 0 0 ~ ~ 0 ~

Rl AVERAGE MEANINGLESS (SCALE FACTOR = 2 ~ 6)

HBC
CNTR
CN TR
DP WA

DP WA

I PWA
0PWA
DP WA

DPWA
DP WA

DP WA

(Pl)
0 ELAST ICg Cl- EXCH
0
0 TOTAL AND CH E X

0 S IGTOT t ELASt CHEX
0 ELASTIC g CH EXCH

HULT I CHANN EL
MULT I CHNL K-MTRX

0 K- P TO KBAR N

K BAR N HULT I CHNL
KBAR N MULTI CHNL
KBAR N ELASTIC

11/68
7/68
6/70
1/71
6/70

12/72
9/73

11 /75
11/77

1/76
1/78
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Baryens
&(&860), A(8010), A(2080), A(8100)

Data Card Listings
For notation, see key at front of Listings.

RZ
R2 P
R2
R2 P
R2
R2

R3 Y¹0 (1860) FROM KBAR N TO SIGMA PI
R3 2 (+.15 ) LEA
R3 4 (+ ~ 15)OR +e 14 MARTIN
R3 —~ 09 ~ 03 RL IC

SQRT (P j¹PZ ) 9/73
73 DP WA MULT ICHNL K-MTRX 9/73
77 DPWA KBAR N MULTICHNL ll/77
77 DP WA KBAR N MULTI CHNL 1/76

Y¹0 (1860) INTO S I GM A PI (P2)
PROBABLY SEEN GALTIERI 68 DBC 0 K-N TO 5 IG PI PI ll/68

(0 03) OR LESS LANGBEIN 72 IP WA MULTICHANNEL 12/72
POSSIBLY THIS BUMP SEEN AT 1840+-10 MEV W ITH A W IDT H OF 35+.-10 MEV

IS THE Y¹0 t 1830) s WHICH DECAYS STRONGLY TO SIGMA PI ~ HO'WEV ER THE
NARROW WI DTH HERE ARGUES FOR ITS BEING THE Y¹0( 1860)

R3 Y¹0(2010) FROM KBAR N INTO N K¹(890) s Sl WA VE SQRT (P j¹P4)
R3 2 -0. 12 0 ~ 03 CAMERON2 78 DPWA K-P TO K¹N
R3 2 THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-F IRST
R3 2 CONY ENT IQN ~

R4 Y&0(2010) FROM KBAR N INTO N K¹(890) s D3 WAVE SQRT {Pl¹P5 )
R4 +0 ~ 09 0 ~ 03 CAMERON2 78 DPWA K-P TO K¹N

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
REFERENCES FOR Y¹0 (2010)

12/79¹
12/79¹
12/79¹

12 /79¹

R4 Y&0( 1860) FROM KBAR N INTO LAMBDA OMEGA SQRT (Pl¹P3) 1/76
R4 3 032) NAKKASYA 75 DPWA 0 K-P TO LAM ~ OMG 1/76

GALT IERI 70 DUKE CONF 173
BRANDSTE 72 NP 839 13
CA )(E RON2 78 NP B146 327

A BARBARO-GALT IERI (LRL ) I JP
BRANDSTETTER sBUTTERWORTH s+ ( RHEL+CDEF+S ACL)
+FRANEKs GOPALs KALMUS s MC PHERSONs+ (RHEL+LQIC) I JP

R5
R5

Y&0(1860) FROM KBAR N INTO Y¹1( 1385) PI P-WA VE SQRT(P1¹P4)
LESS THAN 0 ' 03 CAMERON 78 DPWA 0 K-P TQ S(1385)PI 1/78

R6 Y¹0(1860) FROM KBAR N INTO Y¹ll 1385) PI F-WAVE SQRT(P1¹P5)
R6 5 —~ 12 6 ~ 055 CAMERON 78 DPWA 0 K-P TQ S ( 1385)P I 1/78
Re 5 SIGN CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION 1 2/79¹

NAKKASYA 75 NP 893 85

PAPERS NOT REFERRED TO IN DATA CARDS

A~ NAKKASYAN (CERN) I JP

R7 Y&0(1860) FROM KBAR N INTO N K¹(890) s Pl WA VE SQRT (Pl¹P6)
R7 6 -0 ~ 07 0.03 CAMERON2 78 DPWA K-P TO K¹N
R7 6 THE SIGN HERE I S CHANGED TO BE IN ACCORD W ITH THE BARYON-FIRST
R7 6 CQNV ENT IQN ~ UPPER L IM ITS ON THE P3 AND F3 WA V'E S ARE EACH Oa 03e

12/79¹
12/79¹
12/79¹ x(s020) 27 Y¹0( 2020s JP=7/2+) I =0 0"{)'

BR

ICEMAN

70
BR ICMAN1 70
CONF ORTO 71
KIM 71

ALSO 70
LANGBEIN . 72

PL 31B 152
PL 338 511
NP 834 41
P RL 27 356
DUKE 161
NP 847 477

AR ME NTE RO68 NP 88 195
BUGG 68 PR 168 1466
GALT I ERI 68 PRL 2I 573

REFERENCES FOR Y¹0(1860)

ARMENT EROS s BA ILLONs + (CERNs HEI DELs SAC LAY) I JP
+GILMOREs KNIGHTs + (RH ELs 8 IRMs CAVE ) I
BARB ARQ-GALT I ERI s MATI SON s + ( LRL s 5 LAC )

+FERRO LUZZI s PERREAUs+ (CERN sCAENs SACLAY)
+F ERRQ-L UZ Z I s LAGNA UX (CERN)
+LEVI SETTI LASINSKI ~ ~ OBERLACK++ ( EF I+HEID) IJP
J K KIM t HARV) I JP
Je K. KIM ( HARV) I JP
+ WAGNER (MPIM) I JP

EFFECTS IN THI S PARTIAL WAVE HAVE QBS ERV ED AT SOMEWHAT
DIFFERENT ENERGIES IN TWO CHANNELS~ HOWE VERs LI TCHFIELD
71 NOTE THAT THE NEED FOR THIS ST ATE IN THEIR ANALYSIS
RESTS SOLELY ON A POSSIBLY INCONSISTENT PQLARI ZAT ION
MEASUREMENT AT 1 784 GEV/C ~ THE STATE WAS NOT REQUIRED
IN THE KBAR N TO KBAR N ANALYSIS OF HEMI NGWAY 75s BUT
COULD NQT BE CONCLUS IVELY RUI ED OUT ~ I T I S NOW

SEEN IN THE NEW ANALYSIS OF DECLAIS 77 WHICH INCLUDES
K- NEUTRON ELASTIC DIFFERENTIAL CROSS SECTION DATAs
AND IS WEAKLY SUPPORTED BY BACCAR I 77

27 Y¹0(2020) MASS (ME V)

LEA 73 NP B56 77
HEMINGWA 75 NP B91 12
NAKKASYA 75 NP 893 85

+MART I Ns MOORHQUS E+ (RHEL+LOUC+GLAS+AARHUS ) I JP
HEMINGWAYs EADESsHARMSEN+ (CERNsHEIDs MFIM) IJP
AD NAKKASYAN (CERN) I JP

{2020 0)
(2100 )
(2 140 ~ )
( 2117~ )

(20 0)
( 30 ~ )

GALT IERI 70 DPWA 0 K-P TO S IGMA PI 7/70
LI TCHFIE 71 DPWA K-P TQ KBAR N 10/71
BACCARI 77 DP WA 0 K-P TO LAM. OMG 1/78
DECLAI S 77 DPWA K BAR N TO KBAR N 1/78

MART IN 77 NP 8127 349
ALSO 77 NP 8126 266
ALSO 77 NP B 126 285

RLI C 77 NP 81I 9 362
ALSTON 78 PR D18 182

ALSO 77 PRL 38 1007
CA ME RQN 78 NP B143 189
CA MF RON 2 78 NP 8 146 327

MART IN s P IDCOC Ks MOORH OUS E ( LOUC+GLAS ) I JP
MART IN s P I DCOCK ( LOUC )
MARTI Ns PIDCQCK (LOUC) I JP
GOPALs ROSS s VAN HORNs MCPHER SON+ (LOI C+RHEL) I JP
+KENNEY sPOLLARDs ROSS+ (L BL+MTHO+C ERN ) I JP
ALSTON-GARNJOSTs KENNEY ( L BL+MTHO+C ERN ) I J P
+FRANEKs GOPALs BACONs BUTTERWORTH+ (RHEL+LQIC ) I JP
+F RANE K s GO PA Ls KALMUS s MC PHERSON s+ (RHEL+LOIC ) IJ P

W

W

- W

W

27 Y¹0(2020 ) WIDTH (MEV )

(160 0) (30 ~ 0) GALTIERI
(120+) (30 ) L ITCHFIE
(128 ) BACCARI
(167 ) DECLAI 5

70 DP WA 0 K-P TO S I GMA PI 7/70
71 DPWA K-P TO KBAR N 10/71
77 DPWA 0 K-P TO LAM ~ OMG ~ 1/78
77 DP WA K BAR N TO KBAR N 1/78

ARMENTER 67 NP B3 592
REPLACED BY ARMENTERQS

CC NFORTC 68 NP 88 265
SUP ER SEDED B Y CONF ORTO

LE V IS ETT 69 LUND 339
At BROW 71 NP 829 413
BACCARI 77 NC 41A 96

PAPERS NQT REFERRED TO IN DATA CARDS

ARMENTEROS s F LUZZI s + (CERNs HEI DELs SACLAY ) I JP
68 AND CONF ORTQ 68'

+HARMS ENs LAS INSK Is + (CHICAGOs HEIDEL) I JP
7jo

R ~ LEVI SETTI (RAPPORTE UR) t EFI )
+ANDERSON s BOSN JAKOVICs DAUMs ERN Z ~ + l CERN)
+POULARD sREVELs TALLINI+ (SACL+CDEF) IJP

P1
P2
P3

27 Y¹0(2020) PARTIAl DECAY MODES

Y¹0(2020) INTO KBAR N

Y¹0 {2020) INTO Sl GHA PI
Y¹0(2020) I NTO LAMBDA OMEGA

27 Y¹0( 20ZO) BRANCHING RATIOS

DECAY MA SSE S
497+ 939

1197+ 139
1115+ 782

~(20io) 89 Y&0{2010 s ) I =0

89 Y¹0 (2010) MASS ( MEV)

(2010 ~ 0) (30 0 ) GALT I ERI 70 DP WA 0
1 1935~ TO 1971~ BRANDSTE 72 DPWA 0
1 1951~ TQ 2034 ~ BRANDSTE 72 DP WA 0
1 PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS,
1 (HIGHER) MASS STATE PROBABLY HAS J ~ LE 3/Zt 5/2) ~

2030 ~ 0 30 0 CAMERON2 78 D P WA

K-P TQ SIGMA PI
K-P TO LAM~ OMGa
K-P TO LA M QMG ~

T HE LOWE R

K-P TO K¹( 890) N

5 EE Tl-'E MINI-REV I EW AT T HE START QF THE Y+ LI STINGS ~

WE LIST HERE ALL THE AMBIGUOUS RE SONANCE POSSIBLI TIES
WITH A MASS AROUND 2 GEV THE PROPOSED QUANTUM NUMBERS
ARE D3 ( GALTIERI 70 IN SIGMA PI ) s D3+F5s P3+D5s OR
Pl+D3 t BRANDSTETTER 72 IN LAMBDA OMEGA) s AND Sl

( CAMERQN2 78 I N NK&) ~ THE F IRST T WO OF THE ABOVE AN ALY S ES S HOUL D NOW

BE CONSIDERED OBSOLETE

7 /70
1/74
1/74

11/75
ll/75
12/79¹

Rl
Rl
Rj

Y¹0{2020) INTO (KBAR N)/TOTAL
(0 ~ 05 ) (0 ~02)(.05)

L ITC HF I E
DEC LAIS

(Pl)
71 DPWA K-P TO KBAR N 10/71
77 DPWA K BAR N TO KBAR N 1/78

GA LT I ER I 70 DUKE CONF 173
LI TCHF I E 71 NP B3 0 125

8ACCARI 77 NC 41A 96
DECLA IS 77 CERN 77- 16

REFERENCES FQR Y¹0 (2020 )

A BARBARO-GALT IER I l LRL) I JP
LI TCHFI FLDs a ~ e+LES QUOY s + ~ ~ (RH EL+CDEF+SACL ) I JP

+POULARDs REV ELs TALL IN I+ t SAC L+CDEF ) I J P
+DUCHONsLOUVELs PATRYs SEGUINOT+ (CAEN+CERN) I JP

PAPERS NOT REFERRED TQ IN DATA CARDS

HEMI NGWA 75 NP 891 12 HEMINGWAYs EADESs HARM SEN+ (CERNsHEIDs MPIM) I JP

R2 Y¹0(2020) FROM KBAR N TO SIGMA Pj SQRT(P j¹P2)
R2 (-0 ~ 15 ) ( 0 ~ 02) GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70

R3 Y¹0(2020) FROM KBAR N TQ LAMBDA OMEGA SQRT (P j&P3) 1/78
R3 L ESS THAN 05 BACCARI 77 DPWA 0 K-P TQ LAM~ OMG 1/78

¹¹¹¹¹¹¹¹¹

W

W 1
W 1
W

89 Y¹0(2010) WIDTH (MEV)

( 130.0) (50 ~ 0) GALT I ERI 70 DPWA
1 80 ~ TO 240 ~ (L WR ~ MA SS) BRANDSTE 72 DPWA

73 ~ TO 154' (HGR ~ MASS) BRANDSTE 72 DPWA
125. 0 25' 0 CA MERO NZ 78 D P WA

SEE THE NOTES ACCOMPANYING MASSES QUOTED

0 K-P TO SIGMA PI 7/70
0 K-P TO LAM. OMG. I, /74
0 K-P TQ LAM ~ OMG 1/74

K-P TO K¹(890) N IZ/79¹

A.(2100) 41 Ywo(21oo, Jp=7/2-) 1=0 GQP
SEE THE MINI-REV I EW AT THE START OF THE Y¹ LISTINGS ~

T HIS ENTRY ONL Y INCLUDES RE SULT 5 FROM PARTI AL-WAVE
ANALYSES ~ PARAMETERS OF PEAKS S E EN IN C ROSS S ECT IDN S
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2100 MEV ARE
GIVEN IN A SEPARATE ENTRY BELOW ~

Pl
P2
P3
P4
P5

89 Y¹0( 2010) PARTIAL DECAY MODES

Y¹0( 2010) INTO KBAR N

Y¹0 (2010) I NTQ S IGMA PI
Y¹ 0( 2 010) I NTO LAMBDA OMEGA
Y¹0 I 2010) INTO N K¹( 890) s Sl WAVE
Y¹0(2010) I NTO N K¹ (890) s D3 WAVE

89 Y¹0( 2010) BRANCHING RATIOS

DECAY MASSES
497+ 939

1197+ 139
1115+ 782

93 9+ 892
93 9+ 892

M

M A

M L
M

M

M L
M 1
M

l 21ZO 0)
{2080 0) ( 10+0)
(2130 ~ 0) (20 ~ 0 )
2110~ 0 (20 ~ 0)
2100 ~ {15 ~ )
2110.0 (30 ~ 0)
2113~ TO 2154 ~

2092 ~ 0 (12 ~ 0 )

WOHL 66
BURG UN 68
BERT HON1 70
GALT I ERI 70
L I TCHF I E 71
LITCHFIE 7 1
BRANDSTE 72
KANE 72

41 Y¹0( 2100) MA SS ( ME V)

HBC
DPWA
DP WA

DPWA
DP WA

DPWA
DPWA
DP WA

K-P CH
0 K-P TO
0 K-P TO
0 K-P TO

K-P TO
K-P TO

0 K-P TQ
0 K-P TO

EX
XI K

SI GMA PI
S IGMA PI
KBAR N

S IG PI
LAM OMG
P I SIG

7/66
10/69
10/70
7/70

10/71
10/71
1/74

10/71

Rj
Rl

Y~O (2010) FROM KBAR N TO SIGMA PI
(-0~. 20) (0 ~ 04) GALT IERI

SQRT ( P 1¹P2)
70 DPWA 0 K-P TQ SIGMA PI 7/70

R2 Y¹0(2010) FROM KBAR N INTO LAMBDA OMEGA
R2 1 ( ~ 17 ) TO .2 5 (LWR ~ ) BRANDSTE
R2 1 ( ~ 04 ) TO ~ 1 5 ( HGR ) BRANDSTE

SQRT(P j¹P3)
72 DPWA 0 K-P TO L AM e DMG ~ 1/74
72 DP WA 0 K-P TO LA M ~ OMG ~ 1/74

Rev. Mod. Phys. , Vol. 52, No. 2, Part Il, April 1980



Particle Data Group: Review of particle properties 8249

Data Card Listings
For notation, see key at front of Listings.

Baryons
x(a~oo), ~(s~ lo)

N

M 2
N 3
M

M

M

N 2
H 2
N A

M

H

N

N L
M 1

H

H A

H

W 8
H 8
H L

1
W

H 2
W 3
W

W

W

Pl
P2
P3
P4
P5'
P6
P7

Rl
Rl
Rl D

Rl
Rl
Rl
Rl
Rl
Rl D

R2
R2 L
R2
RZ L
R2
R2

}.1/75
11/75

1/78
1/78
1/76
1/78

11/75
11/75

3/72
1/74

41 Y¹0(2100) WIDTH (MEV)

( 145 ~ 0) HQHL 66
(80e0) t 10 0) BU R GUN 68
140e 0 ( 15 ~ 0) 8 ERTHGN1 70
60 ~ 0 (25 ~ 0) GALT IER I 70

( 170. ) TG 300 ~ ~ LITCHFIE 71
LARGER VALUE CORRESPONDS TO PURE Be W ~ LOWER

140e0 {50 0 } (3Qe0) LITCHFIE 71
208 ~ TO 229 ~ BRANDSTE 72
144 ~ 0 ( 26 ~ 0) KANE 72
Z41 (30. ) HEM INGWA 75
244 ~ OR 302 NAKKA SYA 75
{98.} BACCAR I 77

( 250, ) DECI AIS 77
250 ~ ( 30 ) RL IC 77
157. (40 ' ) BELL EFON 78

SEE THE NOTES ACCOMPANYING HASSES QUOTED

HBC
OP HA

DPWA
DP WA

DPHA
VA LUE
DPHA
DPWA
DP HA

OPHA
DPHA
DP WA

DPWA
DP WA

DPHA

0 K-P TG XI K
0 K-P TG S IGMA P I
0 K-P TO SI GHA P I

K-P TG K BAR N

TQ Be W ~ + BCKGRD
K-P TQ SIG P I

0 K P TO LAM ~ OMG ~

0 K-P TO PI SI G

0 K- P TQ KBAR N

0 K-P T 0 LAH QHG
0 K-P TO LA H ~ QMG ~

K BAR N TQ KBAR N

KBAR N HULTI CHNL
0 KBAR N TG KBAR N

7/66
10/69
10/70

7/70
10/71

10/71
1/74

10/71
11/75
11/75

1 /78
1/78
1/76
1/78

Y¹0(2 100)
Y ¹0( 2 100)
Y¹0 (2100)
Y ¹0( 21 00)
Y¹0{2100)
Y¹0(2100)
Y¹Q( 2100)

41 Y¹0(2100) PARTIAL DECAY HGDES

I NTO KBAR N

I NTO SIGN A PI
INTO XI K
I NTO LAMBDA OHEGA
INTO FTA LAMBDA
INTO N K¹ (890)t D3 WAVE
I NTQ N K¹ (890) t Gl WAVE

DECAY HA SSE S
497+ 939

1197+ 139
1321+ 497
1115+ 782
548+1115
939+ 892
93 9+ 892

4 1 Y¹0 {2100 ) 8 RANCHING RATIOS

BAR N) /TOTALY¹Q(2100) INTO f K

{0~ 25)
(0.331

0 30.31 ((.29)
~ 30
~ 24

DAUM 68 AS SUM ES

WQ HL
DAUM

~ 03) I ITCHFIE
~ 031 HEMINGWA

DECLAIS
03) RL IC

~ 06) BE LLEFGN
(J+1/2)¹X VALUE SEEN IN

(Pl)
66 HBC 7/66
68 CNTR K-P ELAt PQLt S IGT 7/70
71 DPWA K-P TQ KBAR N ~ 10/71
75 DPWA 0 K — P TO KBAR N 11/75
77 DPWA KBAR N TG KBAR N 1/78
77 DPWA KBAR N MULTICHNL 1/76
78 DPHA 0 KBAR N TG KBAR N 1/78
TOTAL CROSS SECTION

Y¹0(2100) FROM
(+0 16 )
+0 06

0 ~ 16
+0. 096

+ 12

KBAR N INTO
(0 02)
(0 03}
( 0 ~ 05)
(0 ~ 037 )

( ~ 04)

SIGNA PI
BERT HON 1 70
GALT IE RI 70
LI TCHFIE 71
KANE 72
RLIC 77

5 QRT {Pl¹ P2 )
DPWA 0 K-P TO SIGNA Pj 10/70
DPHA 0 K-P TG SIGHA PI 7/70
DPHA K-P TG SIG PI 10/71
DPHA 0 K-P TG PI SIG 10/71
0 PWA KBAR N MULT ICHNL 1/76

2105 t 10 ) HEMINGWA 75 DPHA 0 K- P TQ KBAR N

2110~ OR 2089 ~ NAKKASYA 75 DP WA 0 K P TG LA M ~ GHG ~

( 2094 ~ 1 BACCARI 77 DPWA 0 K-P TO LAH ~ QMGe
( 2094 ) DECLAI S 77 DPHA KBAR N TO KBAR N

2110~ {10 ~ ) RL IC 77 DP WA KBAR N NULTICHNL
2106 (30e) BELLEFGN 78 DPWA 0 KBAR N TO KBAR N

QUOTED PARAMETERS CORRESPOND TQ THE TWO BEST SOLUTIONS FOUND
EACH HAS THE Y&0(2100) AND GNE ADDITIGNAL RESONANCE (P3 OR F5)

BURGUN 68 SEE A RESONANCE-LIKE EFFECT IN THIS REGION IN THE
REACT ION K-P TO XI K HOWEVERt AS THEY POINT OUTt IT I S NQT CLEAR
WHETHER I T IS MAINLY THE G07 Y¹0{2100) OR INSTEAD A SO FAR OTHERWISE
UNOBSERVED RESONANCE WITH A SPIN LESS THAN 7/2e

LITCHFIELD 71 IS AN UPDATE OF BERTHGNl 70
PARAMETERS QUOTEO ARE RANGES FROM THREE BEST FITS,

BACCARI 77 NC 41A 96
DECLA IS 77 CERN 77-16
RL IC 77 NP 8119 362
BELLEFGN 78 NC 42A 403
GA}tERQNZ 78 NP 8146 327

+POULARD REVELt TALLI NI+ (SAC(+CDEF) IJP
+DUC HON t LOUVEL t PA TR Y t SE GUI NOT+ t GAE N+ C ERN) I J P
GOPALt ROSS t VAN HQRNt MCPHERSON+ (LQIC+RFEI ) I JP
+BE RTHGN t 8 ILLOI R t BRUNET+ ( CDEF+ SACL } I JP
+FRANEKt GOPA Lt KALNUSt MC PHERSON t+(RHE L+ LGIC }I JP

35 Y¹0{2110) MASS (MEV)

M (2110 ' )
M D 05 2140e
H A - (2141 ~ 0)
M A RE SONANC E QUT
M 1 (2103~ )
H 1 FCUND I N ONE
H ( 2137 )
H {2140' )
H (2100 ~ }
M 2 (2106~ )
H 2125 ~ 0

(10 ~ ) BERTHQN1
40 ~ LITGHFIE
(6 ' 0) KANE

SIDE RANGE OF DATA ~

NAKKA SYA
OF TWQ BEST SQLUT IONS ~

BACCARI
{20~ ) BE LLEFGN
(50 } RL IC
t 50 ~ ) BE LLEF QN

25 0 CANERONZ

70 DPWA — K- P TO SIG Pj
71 DPWA K —P TO K BAR N

72 DPWA 0 K-P TO Pj SIG

75 DPWA 0 K-P TQ LAM GNG.

77 DPWA
77 DP WA

77. DP HA

78 DPHA
78 DPHA

0 K-P TG LAM OMG ~

0 K- P TO SIG PI
KBAR N MULTICHNL

0 KBAR N TG KBAR N
K-P TG K¹ (890) N

35 Y¹0{2110) WIDTH ( MEV)

H

A

W

W

W

H 2
W

(185~ )
D05 120e

( 504 ~ 0)
(391 1

(132 ' )
( 140 e 1

( 200 ~ )
(251 )
160~ 0

(30 ~ )
40e

(10 ~ 0)

(ZQ ~ )
(50e)
(50 )
30 ~ 0

BERTHQN1
LI TCHFI E
KANE
NA KKASYA
BACCARI
BE LL EFQN
RL IG
BELLEFQN
GAMERQN2

70 DP WA

71 DPWA
72 DPWA 0
75 DPWA 0
77 DP'WA 0
77 DP WA 0
77 DP HA

78 DPHA 0
78 DP WA

K- P TO SIG Pl
K-P TO KBAR N

K-P TG Pj SI G
K-P TG LAM ~ QNG e
K-P TG LAMe ONGe
K- P TQ S I G PI
K BAR N MULT I CHNL
KBAR N TG KBAR N

K-P TO K¹{890) N

Pl
P2
P3
P4
P5

35 Y¹Q( 2110) PARTIAL DECAY NODES

Y ¹0 ( 2110 ) I NT 0 K BAR N

Y¹Qf 2110) I NTO SIGMA PI
Y¹0( 2110) INTO LAMBDA OMEGA
Y¹0(2110} INTO Y¹I t 1385 ) PI P-WAV E
Y¹0( 2110) I NTO N K¹ (890) t F 1 'WAVE

DECAY MASSES
49 7+ 939

1197+ 139
1115+ 782

139+1384
939+ 892

}I
g(p 1 $ o) 35 Ye0(2110 JP=5/2+) I=0 05

8 ERTHON1 70 F I ND EI THE R F05 OR 005 POSS I 8 LE IN
THE SIG PI CHANNEL t WITH F05 SLIGHTLY PREFERRED ~

IN THE KBAR N CHANNEL t LIT CHFI EL 0 71 (SANE GROUP )
FIND ONLY D05 AS USUAL THE STATI STI CS ARE MUCH
BETTER IN THE ELAST I C CHANNEL ~

ALTHOUGH KANE 72 FINDS AN F05 EFFECTt THE UNUSUALLY BROAD
WIDTH HAY INVALIDATE A RESONANT INTERPRETATION HOWEVER RLIC 77t
BELLEF QN 77 t ANO BELLE FGN 78 ALSO F IND AN F05 ~ THE EV I DENCE fOR
F05 FROM THE LAMBDA OMEGA ANALYSESt NAKKASYAN 75 AND BACCARI 77t
IS QUITE HEAKt BUT THEY GIVE NO EVIDENCE IN FAVOR OF D05 ~ THE
WEIGHT OF THE EVIDENCE I S THUS IN FAVOR GF F05 ~ SEE ALSO THE
Y¹0{2010) HIN I-REVIEW

1/71
10/71
10/71

1/76
1 /76
1/78

11/77
1/76
1/78

12/79¹

1/71
10/71
10/71

1/76
1/78

11/77
1/76
1/78

12/79¹

R3 Y ¹0( 2 1 00) F RGN K BAR N

R3 (0.05 )
R3 8 (0 09 ) (0 ~ 01)
R3 {0 003)
R3 0 ~ 035 0 ~ 018
R3 8 BURGUN 68 UPDATED BY

TQ XI K
TRIPP
BU RGUN
HULLER
L I TC HF IE

L ITCHFl ELD 71 t WHG

SQRT (Pl¹P3)
67 RVUE 0 K-P TO XI K

68 DP WA 0 K-P TO Xj K

69 DPWA 0
71 DPWA K-P TG XI K

TAKES SOLUTION C OF BURGUN

8/67
10/69
7/70
3/72
3/72

Rl
Rl
Rl A

Rl
Rl

35 Y¹0(2110) BRANCHING RATIOS

SQR T (P 1&P2)
70 OPIA — K- P TO SIG PI 1/71
72 DP WA 0 K-P TO PI SI G 10/71
76 DPWA 0 K- P TQ S I G P I 1/76
77 DPHA KBAR N MULTICHNL 1/76

Y¹0(2110) FROM KBAR N TG SIGMA PI
(+ ~ 17 ) ( ~ 03) BERTHGNl

(+0 e 156) t 0 ~ 013) KANE
{+.14) {F 01) BELLEF Q2
(+ ~ 10) t 03) RLIC

R4 Y¹0 (2 1 QQ ) F RGM KBAR N INTO LAMBDA OMEGA
R4 1 ( ~ 05) TO 11 BRANDSTE 72 DPHA
R4 2 ( ~ 122 )OR ~ 154 NAKKASYA 75 DPWA
R4 3 (- ~ 070) BAGCAR I 77 DP HA

R4 3 (+ e01 1) BAGC ARI 77 DP HA

R4 3 (+ ~ 008) BAGCAR I 77 DP WA

R4 3 NOTE THAT THE 3 ENTRIES FOR BACCARI77 ARE FOR 3

SQRT {P 1¹P4)
0 K-P TG LAM ~ QMG
0 K-P TG LAN ~ QNG ~

0 G 037-WA VE
0 GG17-WAVE
0 GG37-WAVE

DIFF ERENT HAV ES ~

1/74
11/75

1/78
1/78
1 /78
1/78

R2
R2
R2
R2 2
R2 2

Y¹0( 211Q) I NTQ ( KBAR N} /TOTAL (Pl )
005 0 ~ 14 0 ~ 04 LITCHFIE 71 DPWA K-P TQ KBAR N 10/71

( ~ 07) ( ~ 03) RL IC 77 DPHA KBAR N MULTICHNL 1/76
27) { 06) BELLEFQN 78 DPHA 0 KBAR N TQ KBAR N 1/78

THE PUBLISHED ERROR OF 0.6 WAS A MISPRINT 12/79¹

R6 Y&0(2100) FRGN KBAR N TG ET A LAMBDA SQRT(P1¹P5) 9/73
R5 —~ 05 0 ~ 020 RA DER 73 MPH A 9/73

R3 Y¹0(2110) FRON KBAR N INTO LAHBDA QHEGA SQRT {PI¹P3) 1/76
R3 1 , ( ~ 1121 NAKKASYA 75 OPHA Q K-P TO LAH ~ OH' .1I76
R3 LE SS THAN ~ 05 BACCARI 77 DPWA 0 K-P TG LAM ~ QNG ~ 1/78

R6
R6

Y¹0(2100) FROM KBAR N INTO N K¹{890)t D3 WAVE SQRT (Pl¹P6)
+0 21 0 04 CA MERON2 78 DPHA K-P TQ K¹N

R7 Y¹0{21 00) FROM KBAR N INTO N K¹(890) t Gl WAVE SQRT (PI¹P7 }
R7 4 -0 ' 04 0.03 CAMERGN2 78 DPWA K-P TO K¹N
R? 4 THE SIGN HERE I S CHANGED TO BE IN ACCORD W ITH THE BARYON-F IRST
R7. 4 CONVENT IGN ~ THE UPPER LIMIT ON THE G3 HAVE I S 0 ~ 03

SEE THE NOTES ACCOMPANYING MASSES QUOTED

12/79¹

12/79¹
12/7 9¹
12/79¹

R5
R5
R5
R5

Y¹0(2110) FROM KBAR N INTO N K¹(890) Fl WAVE SQRT(P1¹P5)
3 -0 ~ 17 Qe 04 CAMERGN2 78 DPWA K-P TO K¹N
3 THE SIGN HERE IS CHANGED TQ BE IN ACCORD HITH THE BARYON-F IRST
3 CONVENTION ~ UPPER LIHITS ON THE P3 'AND F3 HAVES ARE EACH 0 e03

12/79¹
12/79»
12/79¹

R4 Y¹0( 2110) FRQM KBAR N TO Y¹1 f 1385 ) PI P-HAV E S QRT (Pl¹P4)
R4 2 +.071 .025 CAMERGN 78 OPWA 0 K-P TO S (1385)PI 1/78
R4 2 CAMERQN 78 UPPER LINIT ON F-WAVE DECAY IS 0 ~ 03 THE SIGN HERE IS 12/79¹
R4 2 CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION ~ 12/79¹

HQHL
TRIPP
BURG UN

DAUM
CONF

MULLER

' BERTHQN1 70 NP 824 417
GALT I ER I 70 DUK E CONF 173
LI TCHFI E 71 NP 830 125

+VRANAt BUTTERHORTHt + (CDEFt RHELt SACLAY) IJP
A BARBARO-GALTIERI { LRL) I JP
L ITCHFIELDt e ~ e+L ESQUQYt + ~ e (RHEt +CDEF+SACL1 I JP

REFERENCES FOR Y¹0t 2100)

66 P RL 17 107 C G WOHLt F T SOLNITZ ~ H L STEVENSON (LRL) IJP
67 NP 83 10 + LE ITHt + (LRLt SLAG tCERNtHEI DELt SAC LAY)
68 NP B 8 -447 +MEYER PAULI + (SACLAY GOLFRANCE RHEL )
68 NP 87 19 +ERNE t LAGNAUXt SENSt STEUERt UDO (CERN) JP

IRHS THE S PIN-PARITY ASS IGNHENT ~

69 THESIS tUCRL 19372 R A MULLER (LRL1
NAKKASYA 75
BACCARI 77
BELLEFON 77
RLIG 77
BELLEFGN 78
CAFE RQN 78
CA NERGN 2 78

NP, 893 85
NC 41A 96
NC 37A 175
NP 8119 362
NC 42A 403
NP B143 189
NP 8146 327

BERTHONl 70 NP 824 417
L I TCHFIE 71 NP 830 125
KANE 72 PR 0 5 1583

REFERENCES FOR Y¹0( 2110)

+VRANA tBUTTERWGRTH t+ t CDEF tRHEL ~ SACLAY) I JP
L ITCHF IELDt ~ ~ +LE SQUGYt+ ~ ~ (RHEL+CDEF+SACL} I JP
D F KANE (LBL ) I JP

A. NAKKASYAN t CERN} I JP
+PQULARDt REVELt TALLINI+ (SACL+GDEF) I JP
DE B ELLEFGNt BERTHONt 8 ILLQI R+ (CDEF+ SACL) I JP
GGPALr ROSS t VAN HQRNt NCPHERSON+ (LGIC+Rl"'EL ) I JP
+BER THON t 8 I L LGI R t BRUNE T+ (CDEF+SACL ) I JP
+FRANEKt GQPALt BACQNt BUTTERHQRTH+{ RHEL+LQIC ) I JP
+FR{)NEKtGOPA Lt KALMUS t MC PHERSON t+ (RHEL+LCIC ) I J P

BRANQST E 72 NP 839 13
KA NE 72 P R 05 15 83
RADER 73 NC 16A 178

HEMI NGHA 75 NP 891 12
NAKK ASY A 75 NP 893 85

BRAI4DSTETTER+ ~ ~ ~ +TALLINI t RHEL tCDEF tSACL) I JP
D F KANE ( LBt. ) I JP
+BARLOUTAUD t+ ( SACL+HE ID+CERN+RHEL+CDEF }

HEMI NGHAYt EADESt HARHSEN+ {CERNt HEI Dt NP IM ) IJP
A NAKKASYAN (CERN) I JP
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S250 Particle Data Group: Review of particle properties

Baryons
g(gl ya), X(8385), A(835O)

Data Card Listings
For notation, see key at front of Listings.

2100 MEV REGION PRODUCTION A5lD O'To T~ EXP TS
25 Y+0(2100g JP= ) I=O PRODUCT ION EX P ER IMENT S

SEE THE MIN I-REV I EW AT THE START QF THE Y& L IST INGS

SEE THE NOTE TO THE G07 Y+0( 2100) y WHICH P RECEDE S THI S
ENTRY HERE WE LIST CNLY PARAMETERS OF PEAKS IN CROSS
SECT IONS AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS-

SECTiON PEAKS ARE AT LEAST DOMINANTLY ASSOCIAT ED WITH THE Y+0(2100) p

BUT NAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NQT ESTAB-
LISHED OTHER RESONANCES IN THIS REGION ~

112 Y+0(2325) BRANCHING RATIOS

1/78
1/78
1/78
1/78

R2
RZ

Y&0( 2325) I NTO (KBAR N} /TQTAL
~ 19 , 06

Pl
BELLEFGN 78 DPWA 0 KBAR N TQ KBAR N 1/78

Rl Y40(2325) FROM KBAR N TG LAMBDA OMEGA 'SQRT ( P 1+PZ)
Rl 3 e 06 ~ 02 BACCAR I 77 I P WA 0 OS33-WAV E
Rl 3 ~ 05 .02 BACCARI 77 DPWA 0 DD13-WAVE
Rl 3 ~ 08 +03 BACCARI 77 DPWA 0 DD33-WAV E
Rl 3 NOTE THAT THE 3 ENTRIES FOR BACCARI77 ARE FOR 3 DIFFERENT WAVES
Rl ~ ~ ~ ~ ~ ~ 0 ~ ~

Rl AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

25 Y+0(2100) MASS (MEV) (PROD EXP ) REF ERENCES FOR Y+0 (2325 )

(2097' 0)
2100 0
2121 0
2107 0

(2135 0 )

(6 ~ 0}
(7 0)
{5 0)

( 10.0)
(20 ~ 0)

BOCK 65 HBC
BUGG 68 CNTR
BR I CMAN . 70 CNTR
COOL 70 CNTR
l U 70 CNTR

P BAR P 5 ~ 7 BEV/C 7/66
K-P p D TOTAL 6/6 8

0 TOTAL AND CH FX 6/70
K-Pg D TOTAL 10/70

0 G AMMA P TG K+ Y+ 1/71

BACCARI 77 NC 41A 96
BELLEFON 78 NC 42A 403

+POULARDgREVELgTALLINI+
+8 ERTHCN ~ 8 I l l OI R, BRU NET+

( SACL+CDEF } I JP
(CDEF+SACL ) I JP

25 Y+0(2100} 'WIDTH {MEV) ( PROD, EXP. )

42 Y+0( 2350 g JP= ) 1=0 PRODUCT ION EXPERIMENTS

SEE THE MINI-REVIEW AT THE START QF THE Y+ l I STINGS
(24 0)
140 0
147, 0
185 0
{40 0}

(14 0}
( 15 ~ 0)
(15 ~ 0 )

(24 0) BOCK 65 HBC
BUGG 68 CNTR
BR ICMAN 70 CNTR
CGGL 70 CNTR
LU 70 CNTR

I NTG K BAR N (P I ) 7/66
6/68

0 TOTAL AND CH EX 6/70
K-P D TOTAL 10/70

0 G AMMA P TG K+ Y+ 1/71

GAUM 68 FAVORS JP=7/2- QR 9/2+ BRICMAN 70 FAVQRS 9/2+ ~

LASINSKI 71 SUGGESTS THREE STATES IN THIS REGION
-USING A POMERON + RESONANCES MODEL THERE ARE NOW ALSO

THREE FORMATION EXPERI MENTS FROM THE COLI EGE DE FRANCE-S ACLAY GROUP
WHICH WE INCLUDE HEREg BELEFQN 77' BACCARI 77' AND BELLEFON 78' WHICH
FIND 9/2+ IN DPWAS OF KBAR N TO SIGMA PI p LAMBDA CNEGAg AND KBAR N ~

Pl
P2
P3
P4

Rl
Rl
Rl
Rl
Rl

25 Y&0 (2100) PART IAL DECAY MODES (PROD ~ EXP ~ )

Y&0(2100) I NTQ KBAR N

Y&0{2100) I NTO KBAR N P I
Y&0(2100) I NTQ LAMBDA ETA
Y&0(2100} INTO l AMBDA OMEGA

DECAY MA SSE S
497+ 939
497+ 9 39+ 1 39

1115+ 548
1115+ 782

25 Ye0(2100} BRANCHING RAT IOS ( PROD+ EXP )

Y&0(2 100) INTO (K BAR N) /TOTAL (Pl)
THE SE VALUES OF ELASTICI TI ES ASSUME J=7/ 2

0 305 8 UGG 68 C NTR
0 ~ 24 (0+02 } BRICMAN 70 CNTR 0 TOTAL AND CH EX
0 4 COOL 70 CNTR K-P g 0 TOTAL

6/be
6/70

10/70

42 Y~O(2350) MASS (MEV) {PROD ~ E XP ~ )

2 340 ~ 0
2358 ~ 0
2344. 0

{2360 0)
{2372~ )
2365 ~

Z370 ~

(7 0){6.0)
( 15,0)
( 20 ~ 0)

BUGG
BR I CHAN
COOL
LU
BACCARI
BELLEF ON
BELLEFQN

20 ~

50

68 C NTR
70 CNTR 0
70 CNTR
70 CNTR 0
77 DPWA 0
77 DPWA 0
78 DPWA 0

42 Y&0 {2350 ) WI DTH (M EV ) ( PROD ~ EXP ~ )

~ 1 ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS {SCAl E FACTOR = 1 ~ 0)

K-P g D TOTAL
TOTA{ AND CH EX
K-P g D TOTAL
GAMMA P TO K+ Y+
K-P TQ LA M OMG ~

K- P TQ SIG PI
KBAR N TO KBAR IN

6/68
6/70

10/70
1/71
1/78

11/77
1/78

R2
R2

R3
R3

Y&0(2100} I NTO KBAR N PI
SEEN BOC K 65 HBC

(P2)

Y&0{2100) FROM KBAR N INTO LAMBDA ETA SQRT (Pj+P3)
{0 09 } OR LESS FLATTE Z 67 HBC 0 K-P TQ LAM ETA 6/68

Y&0{2100) I NTG ( LAMBDA QNEGA} /TOTAL (P4)
(0 ~ 1) OR LESS FLATTE 1 67 HBC 0 K—P TG LAM OMEGA 8/67

140.0
324' 0

(190 ' 0)
(55 0)

( 257. ).
110
204.

(20 ~ 0 )
{30~ 0)

20.
50 ~

BU GG
BRI CHAN
COOl
LU
BACCARI
BELLEFQN
BELLIEFGN

~ 0 ~ ~ 1 ~ 0 0 ~

AVERAGE MEANINGLESS (SCALE FACTOR ~ 1 ~ 7)

68 CNTR
70 CNTR 0
70 CN TR
70 CNTR 0
77 DPWA 0
77 DPWA 0
78 DPWA 0

K-Py D TOTAL
TOTAL AND CH EX
K-P g D TOTAL
GAMMA P TG K+ Y+
K-P TO LAM OMG
K- P TO SI G PI
K BAR N TO KBAR N

6/6 8
6/70

I 0/70
1/71
1/78

11/77
1/78

REFE RENCES FGR Y+0 {21 00 ) ( PROD ~ EX P a )
42 Y& 0{2350) PARTIAL DECA Y MODES ( PROD ~ EXP ~ )

BOCK 65 PL 17 166
FLATTE 1 67 PR 155 1517
FLATTE 2 67 PR 163 1441
BUGG 68 P R 168 1466

+COOPERS FRENCHY K INSONt +
S N FLATTE
S N FLATTEg C G WOHL
+G ILMOREgKNIGHTg +

(CERN' SACLAY)
(LRL)
( LRL)

{RHELg BIRN' CAVE) I
Pl
P2
P3

Y&0(2350) IiNTO KBAR
Y+0(2350} I NTD SIGMA PI
Y+0(2350) I NTG LAMBDA OMEGA

DECAY MASSES
497+ 939

1197+ 139
1115+ 782

BRICMAN
COOL
LU

70 PL 318 152
70 PR D 1 1887
70 PR 02 1846

COOL 66 PRL 16 1228
SUP ERS EDED BY COOL 70

+FERRO LUZZjg PERREAUg+ (CERNgCAENp SACLAY)
+GI ACOMELLI KYC I A LEQNT I C L I + ( BNL ) I
+GREENBERG g HUGHES' Mj NEHARTg MORI g+ (YALE)

PAPERS NOT .REFERRED TQ IN DATA CARDS

+GI ACGMELLI KYCI A LEGNT IC LI LUNDBY + ( BNL ) I

42 Y+0{2350 ) BRANCHING RATIOS (PROD ~ EXP. )

Rl YAO (2350 ) INTO (KBAR N) /TOTAL (Pl}
Rl .12 ~ 04 BELL EFON 78 DPWA 0 KBAR N TO KBAR N 1/78

R2 Y+0(2350) FROM KBAR N INTO SIGMA PI SQRT (P 1+P2) 1/76
R2 —all ~ 02 BELLEFON 77 DPWA 0 K- P TO SIG PI 11/77

A.(2325) 112 Y+0 ( 2325' JP~ 3/2-) I~ 0

BACCAR I 77 F IND THIS STATE WITH JP EITHER 3/2- GR
3/2+ I N A DPW A OF K- P TO L AMBDA OMEGA jROM 2070 TO
2436 NEV A SUBSEQUENT SEMI-ENERGY- INDEPENDENT PWA

FROM T HRES HOLD TQ 2436 NEV SEL EC T S 3/2- ~

BELLEF CN 78 (SAME GROUP) ALSO SEE THIS STATE IN A

DPWA OF K- P ELASTIC AND CHARGE-EXCHANGE DATA
IN THE SAME ENERGY RANGEg AND FIND JP~3/2 — OR 3/2+ ~

THEY AGAIN PREFER JP=3/2 g BUT ONLY QN THE BAS I S
OF MODEL DEP ENDENT CQN SIDERATI QNS.

112 Y&0(2325) MASS ( MEV)

R3 Y&0(2350) FROM KBAR N TO LAMBDA OMEGA
R3 LE SS THAN +05 BACCARI

SQRT (P 1+P3) 1/78
77 DPWA 0 K-P TO LAM ~ OMG 1/78

R4 Y&0( 2350) I NTO ( KBAR N)
R4 J IS NOT DETERMINED
R4 (0 ~ 57 )
R4 1 ~ 1 0.25
R4 (1 0)

/TOTAL (J+1/2)+(Pl }
IN THESE EXPTS THE FOLLOWING IS (J+I/2)+Pl

BUGG 68 CNTR K-P y D TOTAL
BRICMAN 70 CNTR 0 TOTAL AND CH EX
COOL 70 CNTR K-Pp 0 TOTAL

3/78
3/78
3/78

BUGG 68 PR 168 1466
DAUN 68 NP 87 19
BRICNAN 70 PL 318 152
COOL 70 P R Dl 1887
LU 70 P R D2 1846

REFERENCES FOR Y+0 (2350 ) ( PROD. EXP ~ )

+G I LNOREy KNIGHTS + (RHEL y BIRN' CAVE } I
+ERNE' LAGNAUXv SENSt STEUERv UDG (CERN) JP
+FERRO LUZZI g PERREAUy+ (CERN tCAENt SACLAY)
+GIACOMELL I e KYCIA ~ LEONT I C~ L I e + ( BNL )
+GREENBERG g HUGHES g MI NEHARTg MORI g+ (YALE)

M 3 2327. 20 ~ BACCARI 77 DPWA 0 K-P TO LAM ~ QMG. 1/78
M 2 342 ~ 30 ~ BELLEFGN 78 DPWA 0 KBAR N TO KBAR N 1/78
M ~ ~ ~ ~ ~ ~ ~ ~ 4

M AVERAGE MEANINGLESS {SCALE FACTOR = 1 0)

BACCAR I 77 NC 41A 96
BELLEFON 77 NC 37A 175
BELLEFGN 78 NC 42A 403

+POULARDyREVELg TALLI NI+
DE BELLEFQNr BERTHQNr8 I L} OIR+
+BERTHGNy 8ILLOIRy BRUNET+

(SACL+CDEF) I JP
(CDEF+SACL) I JP
{CDEF+SACL) I JP

112 Y+0( 2325) WIDTH (MEV)

3 160 40 ' BACCARI 77 IPWA 0 K-P TO LAN OMG 1/78
W 177 ~ 40 ~ BELLEFON 78 DP WA 0 KBAR N TQ KBAR N 1/78
W ~ 0 0 0 ~ 0 ~ ~

AVERAGE MEANINGLESS {SCALE FACTOR = 1 0)

COOL 66 P RL 16 1228
SUPERSEDED BY COOL 70.

LASINSKI 71 NP 829 125
BELL EF02 75 NC 28A 2 89

PRESENTLY LISTED UNDER

PAPERS NOT REFERRED TQ IN DATA CARDS
+G IACOME LLI p KYCI Ag LEQNT ICAL I ~ LUNDBYg+ ( BNL ) I

T A LASI NSKI (EFI )I JP
DE BELLEFONgBERTHONgBIi LOI R+ (CDEF+SACL}

Y+1 (2250) p BUT I SOSP IN UNDET ERN I NED ~

Pl
P2

112 Y&0(2325) PARTI AL DECAY MODES

Y&0( 2325} I NTG KBAR N

Y&0(2325) INTO LAMBDA OMEGA

DECAY MASSE S
497+ 939

1115+ 782
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Particle Data Group: Review of particle properties S251

Data Card Listings
For notation, see A, ey at front of Listings.

Sary ons
x(2sss), z+, z-, z', z(138s)

7 Y¹0{2585g JP= ) I=O PRODUCT IGN EX P ER IMENT S

A. SEE THE MINI-RiEV IEW AT THE START OF THE Y¹ L 1ST INGS ~

BUMPS

7 Y¹0(2585) MA SS {ME V] ( PROD ~ EXP» )
'

7 Y¹0(2585 ) WIDTH (MEV } ( PROD ~ EXP ~ }

(300 ~ 0)
f 150 0)

ABRAMS
LU

70 CN TR K-P g D TOTAL 10/70
70 CNTR 0 GAMMA P TQ K+ Y¹ I/7).

7 Y¹0(2585) PARTIAL DECAY MODES {PROD» EXP ~ )

Y¹0 (2 585 ) I NTQ KBAR N

DECAY MASSES
497+ 939

Rl
Rl
Rl
Rl C
Rl C

7 Y¹0{2585) BRANCHING RATIOS (PROD ~ EXP ~ )

Y¹0{2 585) I NTO ( KBAR N) /TOTAL {Pl}
J I S NQT KNOWN THE FOLLOWING I S (J+1/2) ¹P 1»

(1 ~ 0) ABRAMS 70 CNTR K-P e D TOTAL
(0 ~ 12) (0.12) BRICMAN 70 CNTR TGTAI AND CH EX

RESONANCE AT END OF REGION ANALYZED -- NO CLEAR SIGNAL ~

10/70
10/70

REFERENCES FOR Y¹0 (2585 ) {PROD ~ EXP ~ )

ABRAMS 70 PR 1D 1917
BRICMAN 70 PL 31B 15Z
LU 70 PR 02 1846

+CGOLg GIACQMELL I y KYCIAp LEQNTICg + l BNL ) I
+FEiRRQ LUZZI g PERREAUy+ (CERN rCAENg SACLAY)
+GREENBERGy HUGHES' MINEHARTp MORI y+ ( YALE}

PAPERS NOT REFERRED TO IN DATA CARDS

2585» 0 45 0 ABRAMS 70 CNTR K-Py D TOTAL 10/70
(2530 ~ 0) {25 ~ 0 ) LU 70 CNTR 0 GAMMA P TO K+ Y¹ 1/71

0 K-P AT 8 25 GEV I /80¹

M+ E 154( 1376 0)
M+ 170 (1375~ 0)
M+ 8 59 1381~ 0
M+ 750 1382 ' 0
M+ E 250(1384 3)
M+ E 250( 1 382 ~ 6)
M+ E 62 f1383 ~ 0)
M+ 135(1 3 78 0)
M+ 1260 1 384
M+ 46l1390»0)
M+ 400 1382» 0
M+ 2300 1383~ 5
M+ R 3740(1382~ )
M+ R ERRORS STATI ST
M+ 6846 1381»
M+ I (1380» )
M+ HI 22K l 1385~ )
M+ H INCLUDES DATA
M+ 2594 1385~

M+ 6900 1381»9
M+ I 7K( 1381~ )
M+ 2K {1391~ )
M+ I 100 f 1390~ )
M+
M+ I FROM FIT TO IN
M+ E ERROR ENL ARG ED
M+ ~ ~ ~ ~ ~

M+ A VG 1382 ~ 29
Mi STUD ENT 1382~ 2 0

ll /77
11/77

1 11 BEV/C
1 ~ 45 BEV/C
1 ~ 22 8EV/C
9-1 ~ 2 BE VI C

1»8 BEV/C
1 95 BEV/C
3 ~ 5 GE V/C
2 ~ 24 8EV/C
AT Z. l GiEV/C

GE V/SIG ~ PI
TQ L AM+P IS
TO ZPI LAM
1263- 1 843ME V

61 HLBC +
64 HBC +
64 HBC +
65 HBC +
65 HBC +
65 HBC +
66 HBC +
66 HBC +
67 HBC +
70 HBC +
72 HBC +
73 HBC +
74 HBC +
UNFOLDED'
74 HBC +
75 HBC +
77 HBC +

K-P
K-P
K-P
K-P
K-P
K-P
K-P
K-P
K-P
K-P
K-P
K-P
K-P

(3~ 9
(3 ~ 9l.e

1 0
(1 e9
{2e1
(8 0
{5' 0

1 ' 0
(6 ~ 0
2 ~ 0

~ 8
(1 ~ )
ICAL

1 ~

(2» )
(3 )
GF H

le
0»3

(2 ~ )
(2 )
(2 ~ )

ELY
CQGP ER
HU WE

A RME NTE RO
SM ITH
SM I TH
BIRMINGHA
LQNDCN
SIEGEL
AGUILAR
AGUILAR
HA BI BI
BERT HGN

RESOLUTION NOT
BORENSTE
BARDADIN
BA RREI RO

77
HOLMGREN
CAMERGN
BAUBII LI E

CA UTI S
SU GAHARA

11/77
ll/77
ll/77
11/77
10/69
11/77
10/74
9/73

10/74
ONLY'

K-P TO( 1385)+PI S 10/74
K — P 14,3 GEV/C 11/77
K-P AT 4»2 GEV 11/77

GLMGREN
77 HBC +
78 HBC +
79 HBC +
79 HYBR +
79 HBC +

K-P AT 4 2 GEV
K-P 0~ 96-1» 36GE V
K-P AT 8 ~ 25 GEV
PI+/K-P ll »5 GEV
P I-P AT 6 GE V/C

11/77
11/77

1/80¹
1/80¹
I /80¹

CLUS IVE LAMBDA PI SPECTRUM
BY US T 0 GAMMA/SQRT (N ) SEE TYPED NOT E QN K¹ MASS ~

~ ~ »

0 ~ 39 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 6)
0 ~ 31 AVERAGE USING STUOENT10(H/1»11) —SEE MAIN TEXT
( SE E IDEOGRAM BELOW )

MO 106(1381~ 0) (4 0) CURTI S 63 OSPK 0 PI-P 1 ~ 5 BEV/C
MO E 240 1385 ~ 1 2 ~ 5 THOMAS 73 HBC 0 P I-P TO PI OKOLM 11 /77
MO E ' ERROR ENLARGED BY US TO GAMMA/SQRT(N) ~ SEE TY PED NQT E ON K¹ MASS ~

MO 2 3100 1380~ 2 ~ BORENSTE 74 HBC 0 K-P TQ(1385)+PI S 11/77
MO 2 FROM FIT TO LAM PIO MASS SPECTRUM (IN LAM P I+ PI- PIO EVENTS) WITH
MO 2 WO F I XED AT 34 MEV ~

MO F 500 (1389 ) (3 BAUB ILL I E 79 HBC
MO ~ ~ ~ ~ ~ ~ ~ ~ ~

MO AVG 1 382 ~ 0 2.5 AVERAGE (ERRGR INCLUDES SCALE FACTOR OF l.e)
HO STUDENT1381 ~ 9 1 ~ 9 AVERAGE USING STUDENT 10(H/1»11) -- SEE MAIN TEXT
MG F FROM FIT TQ INCLUSIVE LAMBDA PIO SPECTRUM WITH WIDTH FIXED AT
MO F 40 MEV ~

CQGL 66 PRL 16 12Z8 +GI ACOMELLI KYC I A LE GNTIC LUNDBY + ( BNL) I

S=—1 I=1 HYPERON STATES (Z)

LIEI &HTEO AIJERASE = 13Ef2.29 + 0.39
ERRGR SCALED BY 1.6

19 SIGMA+ (1189' JP»- 1/2+) 1~ 1

SEE STABLE PARTICLE DATA CARO LISTINGS

20 SIGMA-(1198t JP& 1/2+) I= 1

SEE STABLE PARTICLE DATA CARD LISTINGS

21 SI GMAQ {1193y JP=l/2+) I=1

SEE STABLE PARTICLE DATA CARD L ISTINGS

¹¹¹¹¹¹¹¹¹
~]

43 Y¹l (1385 y JP=3/2+) I=1 13
1376

Y&1 {13EIS) + MASS {MEV)

CAMERGN
- HGLMC REN
BGRENSTE

.HABIBI
-ASUILAR
-SIE&EL
-ARMENTERG
. HULJ E

78 HBC
77 HBC
74 HBC

73 HBC
72 HBC
67 HBC

65 HBC
64 HBC

CHISQ
1.7
7.3
1.7
2.0
0.0
4.5
0.1
0.7

17.9
{CGNLEV
=0 .012)

43 Y¹1(1385) MASS ( MEV)

M

M

M

M

M

M

M

M

M

M

M I
M I
M I

141{1384.0)
{1385 0)

38 (1384» 0)
( 1392 ~ 0)
(1389' 0)
(1392~ 0)

ZOO( 1 3 84 ~ 8)
l90 (1380~ )
200(1386» )
242{1394 )

1K(1383~ )
500( 1388~ )

FROM FIT TO

(7.0)(3.0)
( 10.0 }
(2 0)
(5 ~ )

l 5-)
(1 )
lZ. )

INCLUS IVE LAMBDA

ALSTON
BERGE
MART IN
CGLLEY
BALTAY
MU SG RA V E
ATHERTGN
AMMANN

AT HE RT Gl
0 IGNI Sl
BANERJ EE
BANERJEE

PI + C ~ C ~

+- K -P 1 ~ 15 BEV/C
+- K-P ~ 4- ~ 85 BE V/C
+0 K20 P ~ 98 BEV/C
-0 P I- PRP 2 BEV/C
+ — P BAR P 3 ~ 7 BEV/C
+-0P BAR P 3-4 BE V/C
+- LAM Pl+ + C C ~

+- K-N 4 ~ 5GEV/C
+-OP BAR P 5 ~ 7 GEV/C
+- K-P TO Y¹ K KBAR
+- LAM PI+ + C ~ C ~+- LAM P I- + C ~ C

60 HBC
61 HBC
61 HBC
62 HL BC
65 HBC
e5 HBC
71 HBC
73 DBC
75 HBC
78 HBC
79 HBC
79 HBC

SPECTRA

SERIOUS INCOMPAT IBIL IT IES EX IST BETWEEN DIFFERENT
MEASUREMENTS OF THE Y¹ (1385) MASS AND W I 0TH ~ THES E
INCGMPAT IB IL IT IES ARE AT LEA ST PARTIALLY ACCOUNTED FOR
BY SOME EX PERI ME NTS QUOT I NG UNREAL IST I CALLY SM ALL

ERRORS ~ W E CGN SI STEN TL Y INCREASE UNREALI STIC ERRORS BEFORE AVERAGING
f SEE THE TYPED NOTE QN K¹(892) ) ~

IN THE LI STI NG S BELOW WE ATTEMPT TQ QBTAIN THE BEST VALU ES FOR THE
SEPARATE CHARGE STATE MASSES AND WIDTHSe THUS WE DG NGT USE RESULTS
QUOTED FOR 'MIXED CHARGES'
WE NQ LONGER U SE EVERY PUBLI SHED VALUE ~ BUT AVERAGE ONLY THE MOST
SIGNIFICANT DETERMINATIONS ~ NEITHER DO WE AVERAGE RESULTS FROM
INCLUSIVE EXPERIMENTS WITH LARGE BACKGROUNDS OR RESULTS WHICH ARE NOT
ACCGMPAN IED BY AT LEAST A DI SCUSSIQN QN EXPERIMENTAL RESGLUTIGN
NEVERTHELESS SYSTEMATIC DIFFERENCES BETWEEN EXP ER IMENTS REMAIN l SEE
THE IDEOGRAMS INSERTED IN THE DATA CARD LISTINGS BELOW) e THESE
DIFFERENCES COUl 0 AR ISE FROM INTERFERENCE EFFECTS THAT CHANGE WITH
PRQDUCTIOiN MECHANI SM AND/GR BEAM MOMENTUM ~ THEY CAN ALSO BE ACCOUNTED
FOR IN PART BY DIFFERENCES IN THE PARAMETRIZATIONS EMPLOYED (SEE
BQRENSTEIN 74 FOR A DISCUSS ION ON THIS PQINT}» THUS BORENSTEIN 74 USF A

BREI T-WI GNER WITH ENERGY I NDEPENDENT WIDTHS SINCE A P-WAVE WAS FOUND
TO GIVE UNSATISFACTORY F ITS ~ CAMERQN 78 USE THE SAME FORM ~

ON THE OTHER HAND HGLMGRAN 77 OBTAIN A GOOD FIT TG THEIR LAMBDA P I MASS
SPECTRUM WITH A P-WAVE BREIT-WIGNERy BUT INCLUOF THE PARTIAL WIDTH FOR
THE S IGMA PI DECAY MODE IN THE PARAMETR IZATIQN

7/66
7/66

11/77
ll/77

1/76
3/79¹
I/80¹
1/80¹

61 0 BC
61 HL BC
64 H BC
64 HBC
65 HBC
65 HBC
65 HBC
66 HBC
67 HBC
73 HBC
73 HBC
74 HBC
UNFOL DED ~

74 HBC
75 HBC
77 HBC

11/77
11/77
11/77
11/77

DA HL
ELY
COOPER
HUWE
ARMENTERG
SMITH
SMITH
LONDON
SIEGEL
HABIBI
THOMAS
BERTHGN

ESOLUT IGN NQT
BORE NSTE
BARDADIN
BARREIRO

77

M- 93( 1382 0)
M- E 224(1376 ~ 0)

200( 1392~ 0)
M- E 1086 1 385 ~ 3
M- 1380 1384 ~ 0

E 120( ).391 5)
M- E 58(1399' 8)
M- 15(1389~ 0)
M- 370 1390e 7
M- 1900 1390 7
M- E 630 1387» 1

R 3060(1389»e }
M- R ERROR S ST AT I ST
M- 2303 1383~
M- I (1383 )
M- HI 1 2K( 1387 )
M- H INCLU DES DATA
M- 193 1391
M- 9720 1387 6
M- I 4 ~ 5K (1383

I 150(1380~ )
M-
M- I FROM FIT TG IN
M- E ERROR ENLARGEDe»» ~ e ~
M- A VG 1387 44
M- STUDENT 1387~ 53

K-D 0 45 BEV/C
K-P 1 ll BEV/C
K-P 1 ~ 45 8 EV/C
K P 1 e15 1 e30GEV
K-P ~ 9-1 2 BE V/C
K-P 1 ~ 8 BEY/C
K-P 1 ~ 95 8 EV/C
K-P AT 2 ~ 24 GEV
K-P AT 2 1 GEV/ C
K-P TO 2P I LAM
P I-P TG P I-K+LM
K-P 12e3-1843MEV

(3~ 0)
(4 ' 4)
(6»2)

1 9
1 ~ 0

(2 ~ 6)
(2 2)

0)
2 ~ 0
1 ~ 2
1»9

(1 )
IC AL ONLY R

2 ~

(2 )
(3» )
OF HOLMGREN
3 ~

0» 3-
fl ~ )
(6 )

11/77
11/77
11/77
10/69
9/73

11/77
10/74

K-P TG(1385)+PIS 10/74
K- P 14» 3 GEV/C 11/77
K-P AT 4 ~ 2 GEV 11/77

K-P AT 4 2 GEV 11/77
K-P 0 ~ 96-1 ~ 36GEV 11/77
K-P AT 8»25 GEV I/80¹
P I-P AT 6 GEV/C 1/80¹

HOLMGREN 77 HBC
CA HERON 78 H BC
BAUBILL IE 79 HBC
SUGAHARA 79 HBC

CLUS IVE LAMBDA PI SPECTRUM
BY US TO GAMMA/SQRT(N} ~ SEE TY PED NOT E ON K¹ MASS ~

~ ~ ~

0 e58 AVERAGE ( ERROR INCLUDES SCAL F FACTOR GF 2» 2 )
0»31 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT
(,S E E' IDEOGRAM BELOW )
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8252 particie Data Group: Review of particle properties

Sary ons
z(x 385)

Data Card Listings
For notation, see key at front of Listings.

LIEIGHTED AVERAGE = l3B7.44 * 0.SB
ERROR SCALED BY 2 .2

CAMERON

HOLMGREN
.BORENSTE
.THOMAS

ABIBI
IEGEL
RMENTERO
OWE

7e HBC

77 HBC
74 HBC
73 HBC

73 HBC
67 HBC
6S HBC

64 HBC

137S 13El0 13EIS 'l390 139S 1400
Y&1 {13BS)— MASS (MEU)

CHISQ
0.3

4.9
0.0
7.4
2. 7

11.e
1.3

2B.4
(CONLEV
=0 .000)

K-0 0 ~ 45 B E V/C
K-P 1 ~ I I 8 EV/C
K-P I 45 8 EV/C
K-P I ~ 15-1 ~ 30GE V

K-P 95-1 20 GEV
K-P I 80 BEV/C
K-P 1 ~ 95 B EV/C
K-P AT 2 ~ I GEV/ C
K-P TO 2P I LAM
P I-P TO P I-KOLM
K-P 1263-1843 ME V

DA HL 61 DBC
ELY 61 HL BC

) COOPER 64 HBC
HUWE 64 HBC
ARMENTERO 65 HBC
SMITH 65 HBC

) SM ITH 65 HBC
SIEGEL 67 HBC
HA BIBI 73 HBC
THOMAS 73 H BC
BERTHGN 74 HBC

ONLY ~ RESGl UT ION NOT UNFOLDED ~

BGRENSTE 74 HBC — K-P TQ(1385)+PI S
PI- AND LAM PI+ P I- PIO COMBINED BY US»

BARDADIN 75 HBC — K — P 14 3 GEV/C
BARREIRO 77 HBC — K-P AT 4«2 GEV

GL MG REN 77

W- (40 ~ 0)
W

— E 224 ( 66» 0) (18 ~ 0
W- E 200 (88«0) (24 0
W- 1086 b2 ~ 0 7 ~ 0
W- E 1282 38~ 0 4 ~ 1
W- E 120 (29 2) (10 6
W- E 58 f 17 ~ I) (8 9
W- E 370 31 0 6» 5

E 1900 51 «9 4 ~ 8
W- E 630 48 ~ 2 7 ~ 7
W- R 3060 &40 ) (3 )
W- R ERRORS STAT IST ICAL
W- 1 2303 35» 3~

W- I RESULTS FROM LAM PI+
W- I (47 ) (6 ~ )
W- HI 12K (45 ) (5 )
W- H INCLUDES DATA OF H

W— 193 (35 ) (10~ )
W- 9720 39 2 1.7
W- I 4«5K (44 ) (4 )
W- I 150 (58 ~ ) (4 ~ )
W-
W-
W- E
W-
W-
W-

I 1. /77
11/77

11/77
11/77
11/77
11/77
11 /77
11/77
10/74

11/77

11/77
11/77

HOLMGREN 77 HBC — K-P AT 4»2 GEV ll/77
CA MERON 78 HBC — K-P 0 ~ 96-1!36GEV 11 /77
BAUBI Ll.I E 79 HBC — K-P AT 8 ~ 25 GEV 1/80¹
SUGAHARA . 79 HBC — PI-P AT 6 GEV/C I/80¹

WEIGHTED AVERAGE = 39-9 + 2
ERROR SCALED BY 1.9

I FROM FIT TO I NCLUSI VE LAMBDA PI SPECTRUM
ERROR ENLARGED BY US TO 4¹GAMMA/SQRT(N) ~ SEE TYPED NOTE ON K¹ MASS

~ ~ ~ ~ » ~ ~ ~

AVG 39 ' 9 2 ' 4 AVERAGE (ERROR INCi UDES SCALE FACTOR OF I 9 )
STUDENT 39 ' 4 1 ~ 5 AVERAGE USING STUDENTIO(H/1» 11) -- SEE MAIN TEXT

f SEE IDEOGRAM BELOW }

D-+ R
0—+ R
0-+ R
0—+ R
D-+ R
0-+ R
D-+ R
0-+
0-+ R
D-+ R
Q —+ R

D

0—+ R

D0+ R
00+ R

0-0 R
0-0 R

43 ( Y¹-j — {Y¹+I MASS DIFFERENCE {MEV)

(0.0)
( 17. )
(4.3)
(2 0)
(7.2)

(17 2)
( 11~ 0)

9 0
(6.3)
(7.2)

BETWEEN

(4 2)
(7 ~ )
{2~ 2)
(I ~ 5):
(2 1)
(2.0 )
(9»0)
6 0

(2.0)
(1 4)
ANO +6 CL-" .95

ELY
COOPER
HUWE
ARME NT ERG
SMITH
SMITH
LGNDCN
LONDON
SIEGEL
HABI BI
BORENSTE

61 Hl BC
64 HBC
64 HBC
65 HBC
65 HBC
65 HBC
66 HBC
66 HBC
67 HBC
73 HBC
74 HBC

+-
+—
+-
+—
+
+-
+—
+-
+—

K-P 1 11 BEV/C
K-P I 45 BFV/C
K-P I 22 . BEV/C
K-P 9-1»2 BEV/C
K-P 1 8 BE V/C
K —P 1 ~ 95 BEV/C
K-P 2 24 B EV/C
LAMBDA 3 P I EVT S
K-P AT 2 I GEV/C
K-P TG 2 P I LAM
K-P TO( 1385)+PI S

8/66
10/69

8 /66
8/66
9/66
9/66
8/66
7/66

10/69
9/7 3

11/77

REDUNDANT WITH DATA IN MASS LISTINGS

43 (Y¹0) — {Y¹+ j MASS D IFF E RENCE {MEV)

43 fY¹-) — (Y¹0 ) MASS DIFFERENCE (MEV)

(2 0) (2.4) THOMAS 73 HB C —0 P I—P TG PI —K+ LM 11/77
REDUNDANT WITH DATA IN MA'SS LIST INGS

BETWEEN -4 AND +4 CL= .95 BORENSTF. 74 HBC +0 K- P TO( 1385)+PI S ll/77
REDUNDANT WITH DATA IN MASS LI STINGS

I 0 30
Y+1 ( 13BS) — LIIDTH ( MEV )

CAMERON 7e
BORENSTE 74
THOMAS 73

73
67

RO 6S
64

HBC
HBC
HBC
HBC

HBC
HBC
HBC

CHISQ
0 ~ 2
2. 7
'J. . 2
6.2l.9
0.2

10.0
22.3

(CONLEU
=0.001)

43 Y¹1{1385) REAL PART OF POLE POSITION 4/75

W 141

W 38
W

W

W

W T 200
W T FI

R 200
W R FI
W 190
W 200
W D

W D WI
D OF

242
W I IK
W I 500

I FR

43 Y¹ 1( 1385) WIDTH ( ME V)

60 HBC +- K-P 1.15 BEV/C
61 HBC +— K-P 4- 85 BEV/C
61 HBC +0 KZO P ~ 98 BEV/C
62 HLBC -0 P I- PRP 2 BEV/C
65 HBC +- P BAR. P 3 7 BF V/C
65 HBC +-OP BAR P 3-4 BEV/C
71 HBC +— LAM PI+ + C ~ C.

ALSTCN
SERGE
MART IN
CGLLEY
BALTAY
MU SG RA VE
ATHERTGN

( 64. 0)
( 40.0 )

(20. 0) OR LESS
( 80. 0) ( 10~ 0)
f26. 0) (5 ~ 0)
(38 ~ 0) (9 ~ 0)
(20. ) (4. )

T B ~ W ~ + PHASE S PACE BCKGRD
(35. ) (5 ~ )

T B.W AND NG BCKGRD
{61. 1 (10 ~ )
(89. ) (23 )

(20 } (10 )

TH MAS S FI XED AT 1385 ME V

KBAR N SYSTEM EXTRAPOLATED
{53.) {14' I

(35 ~ ) (2 )
(36. ) (4 ~ )

GM FIT TG INCLUSIVE LAMBDA

ATHERTQN 71 HBC +— LAM PI+ + C.C.

AMMANN 73 DBC +- K-N 4 5GEV/C
ATHERTONI 75 HBC +—OPBAR P 5 7 GEV/C
ALSTQN 78 DPWA —0 KBAR N ONLY
FROM RESULTS OF PARTIAL WAVE ANAlYSIS
BELOW THRESHOI D «

DIGNISI 78 HBC +— K-P TG Y¹ K KBAR
BANERJEE 79 HBC +— LAM PI+ + C C.
BANFRJEE 79 HBC + — LAM PI — + C. C.

PI + C C ~ SPECTRA

7/66
7/66

11/77

11/77

11/77
11/77

I /78
I/78
1/78
3/79¹
I /80¹
I /80¹

RE+
RE-

IM+
I M-

Pl
P2
P3
P4
P5

1 379.0
1383 ~ 0

1 0
I ~ 0

LICH TENB 74
L ICHTENB 74

+ EXTRAP HAB I BI73 4/75
E XTRAP HAB IBI73 4/75

4/75

17 ' 5
22. 5

1 ~ 5
I 5

LICHTENB
LICHTENB

74
74

+ EXTRAP HABIBI73 4/75
E XTRAP HAB IBI73 4/75

43 Y¹1(1385} PARTIAL DECAY MODES

Y¹l (1385j I NTO LAMBDA P I
Y¹1 (1385 l INTO S IGMA PI
Y¹1.(1385 } I NTQ LAMBDA GAMMA

Y¹l ( 1385) I NTG KBAR N

Y¹l (1385 I INTO SIGMA GAMMA

DECAY MA SSE S
1115+ 139
1197+ 139
1115+ 0
493+ 938

1197+ 0

43 Y¹1(1385) IMAGINARY PART OF POLE POS IT ION

WO 106 (30.0) (9 0 ) CURT IS 63 QS PK 0
WO E 240 39. 3 10.2 THOMAS 73 H BC 0
W0 E ERROR ENLARGED BY US TG 4¹GAMMA/SQRT(N j ~ SEE TYPED

WO C 3100 (53~ ) f8 ~ ) BG RENST E 74 HBC 0
WO C 3100 CONS I STENT WITH WO=W+=W- BORENSTE 74 HBC 0

P I-P 1.5 B EV/C
P I-P TG PIOKOLM
NCTF. ON K¹ MASS ~

K —P TO(1385) +P I S
K-P TO(1385 )+PI S

11/77

1 1 /77
11/77

11/77
11/77
11/77
11/77
11/77
ll/77
11/77
11/77
11/77
10/74
11/77
10/74

I ~ 11 8 EV/C
I .45 8 EV/C
I 15-1 30GE V.95 —1.20 GEV
I, 8 BE'V/C
I ~ 95 BEV/C
3.5 GEV/C
AT 2 1 GEV/C
4 GEV/S IG P I
TG LAM+PIS
TQ 2PI LAM
1263-1843 ME V

W+ E 154 (48 0)
W+ E 170 (51-0 j
W+ E 859 46. 5
W+ E 750 32 ~ 0
W+ E 250 ( 30 ~ 3)
W+ E 250 (33 1)
W+ E 62 (25.0)
W+ E 1260 36 ~ 0
W+ E 46 ( 33 ~ )
W+ 400 32. 5
W+ E 2300 38.3
W+ R 3740 ( 48 ~ )
W+ R ERRORS ST ATI
W+ I 6846 34
W+ 1 RESULT S FROM L
W+ I (40 ~ )
W+ H I 22K ( 43 ~ )
W+ H INCLUDES DAT
W+ 2 594 34.
W+ 6900 35.5
W+ I 7K (37. )
W+ ZK (30~ )

100 ( 30
W+

W+ I
W+

W+

W+ AVG
W+ STUD

( lb. 0) ELY 61 HL BC + K-P
( 16 0 ) COOP ER 64 HBC + K-P

6 ~ 4 HU WE 64 HBC. + K-P
4 ~ 7 ARME NTERG 65 HBC + K-P

(7 5) SM ITH 65 HBC + K-P
(8.3 ) SMITH 65 HBC + K —P

(32 ~ 0) BI RMI NGH A 66 HBC + K-P
4«0 S I EGEL 67 HBC + K-P

(20 0) AGUI LAR 70 HBC + K-P
6.0 AGUILAR 72 HBC + K-P
3.2 HA BIBI 73 HBC + K —P

(3 ) BE RTHGN 74 HBC + K-P
ST ICAL ONLY R ESOLUT ION NQT UNFOLDED ~

1 ~ 6 BORENSTE 74 HBC + K-P
AM P I+ P I— AND LAM P I+ P I- P I 0 COMBINED BY

(3.2) BARDADIN 75 HBC + K-
(5. ) BARR EI RO 77 HBC + K-P

A OF HGLMGREN 77
2 ~ HOLMGREN 77 HBC +
I 9 CA HERON 78 HBC +

{2 ) BAUB ILl IE 79 HBC +
f 4. j CAUTI S 79 HY BR +

(6 j SUGAHAR A 79 I IBC +

TO(1385}+PI S
US ~

P 14 3 GEV/C
AT 4 2 GEV

11/77

11/77
11/77

I I /77
11/77

I/80¹
I /80¹
I /80¹

K —P AT 4 ~ 2 GEV
K-P 0 96-1 36GEV
K—P AT 8 25 GEV
P I+/K —P 11 5 GEV
P I-P AT 6 GEV/C

TE XT

FROM FIT TG INCLUSIVE LAMBDA PI SPECTRUM
ERROR ENLARGED BY US TG 4¹GAMMA/SQRT(N) ~ SEE TYPED NOTE ON K¹ MA SS

~ ~ ~ ~ ~ « ~ ~ ~

34.96 0.92 AVERAGF (ERROR INCLUDES SCALE FACTOR OF I 0)
ENT 34.9 1.0 AVERAGE USING STUDENTIO(H/1 ~ 11) -- SEE MAIN

43 Y¹1( 1385) BRANCHING RATIOS

RI
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl AVG
Rl STU

Y¹1 ( 1385}
(0 ~

(0
0 ~

0
0
0
0»

I NTG (
04) (
04) OR
09
163
08
13
13
16
18
10
16
11
21
20

SIGMA
0 ~ 04)
L ESS
0 ' 04
0.041
0 06
0 ~ 04
0, 04

»07
04

~ 05
~ 03
02
05

~ 06
~ «» ~ ~ ~ ~ ~ ~

0.135 0»011
DENT 0 135 0 ~ 013

PI)/(LAMBDA PI)
BASTIEN 61
ALSTGN 62
HUWE 64
ARMENTERO 65
LONDON 66
PAN 69
COLL EY 71
AGUI LAR 72
MA ST 2 73
THOM AS 73
BERTHGN 74
BERTHQN 74
BORENSTE 74
0 IGNI SI 78

HBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC
MPWA

HBC
HBC
HBC
HBC
HBC

(P2) /(Pl)
+-
+-OK-P I ~ 15 B EV/C
+- K-P 1 ~ 2-1 7 GEV
+- K-P ~ 95-1 20 GE V
+ K-P 2 ~ 24 8EV/C
+ PI+ P — K Y PI
-0 K-N 1«5 GEV PROD
+ K-P 3 9p 4«6 GEV
+ — K-P — 2 PI SI G/LM

P I-. P TO PI K Y
+ K-P 1263-1843MEV

K-P 1263—1843MEV
+ K-P TG( 1385)+PI S
+ — K —P TO Y¹ K KBAR

7/66
7/66

12/72
10/71
10/7 4
9/73
9/73

11/77
11/77
10/74
3/79¹

AVERAGE ( ERROR I NCLUDES SCAL E FACTOR OF 1 0 )
AVE RAGF. USI NG STUDE NTI 0(H/I 11 ) -- SEE MAIN TEXT

R2
R2

Y¹1( 1385) I NTO LAMBDA GAMMA

I (0.17 ) (0 17)
(P3)

MEISNER 72 HBC 0 I EVENT ONLY 1/73

R3
R3 C
R3 C

R4
R4

Y¹1(1385) I NTO (LAMBDA GAMMA)/(LAMBDA P I) (P3l/(Pl)
( ~ 06) OR LESS CL= ~ 90 COLAS 75 HLBC 0 K-P 575-970 MEV

Y¹1(1385) I NTO (SIGMA GAMMA)/(LAMBDA PI ) (P5) /(Pl )
05) QR LESS CL= 90 COLAS 75 HlBC 0 K-P 575-970 MEV

4/75
4/75
4/7 5

I/76
}./76

I/76
I/76

Y¹1(1385) FROM KBAR N TO LAMBDA PI SQRT( PI¹P4)
+ ~ 586 ~ 3 19 DEVENISH 74 0 FIXED 7 DI SP REL

EXTRAPOLATION OF PARAMETRI ZED AMPLITUDE BELOW THRESHOLD
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Particle Data Group: Review of particle properties S253

Data Card Listings
For notation, see key at front of Listings.

Baryons
Z(1585), Z(1480), Z(1560), Z(1580)

ALSTQN
BASTIEN
BERG E

DA HL
ELY
MARTIN

60 PRL 5 520
61 PRL 6 702
61 PRL 6 557
61 PRL 6 142
61 PRL 7 461
61 PRL 6 283

REFERENCES FOR Y+1(1385 )

+ALVAREZg EBERHARDg GOODg GRAZIANQg + ( LRL) I
P BASTIENg M FERRQ-LUZZI g A H ROSENFELD ( LRL )
+BASTI EN gDAHL g FERRO-LUZ ZI gKIRZ g + ( LRL)
+HORWITZg MILLERg MURRAYg WHITE ( LRL)
+FUNG gGIDALg PANg POWE LL g WHITE {LRL) J
+LEIPUNERg CHINOWSKYgSHIVELYg + ( BNLg YALE)

Y&1 (1480) INTO KBAR N

SMALL

PAN 70 PR D2g 49
CLINE 73 LNC 6 205

REFERENCES FOR Ygf'I {1480) ( PROD» EXP )

+FORMANg KQgHAGOPI ANg SELQVE
CL INEg LAUMANNg MA PP

{PENN)
(WI SCONSIN} I JP

( P 1 ) 9/73
CLINE 73 MPWA K- D TO LM PI- P 9/73

AL S TOhl 62
COLL EY 62
CURT I S 63
COOPER 64
HUWE 64

ALSO 69

C ERN CQhlF 311
P R 128 1930
PR 132 1771
PL 8 365
UCRL-11291 THE SIS
PR 180 1824

ARMENTER 65 PL 19 75
BALT AY 65 PR 140 B1027
MUSGRAVE 65 NC 35 735
SM ITH 65 THE 5 IS ( UCLA)

+ALVAREZ gF ERRO-LUZZI g ROSENFELDg + ( LRL )
+GEL FANDg NAU ENBERGg + ( CQLUMB IA g RUTGERS) JP
+COFFI Ng MEYERg TERWILLI GER {MICH) J
+FILTHUTHgFRIDMANgMALAMUDg + (CERN ~ AMST)
D 0 HUWE (LRL ) JP
D O HUWE (LRL)

ARMENTEROS ~ + (CERNg HEI DELg SACLAY )
+SANDWEISSg TAFTgCULWICK gKQPP g + (YALEg BNL)
+PETMEZASg + {BIRMg C ERNg EPOL g LOI Cg SACLAY)
L T SNI TH (U CL A)

YU-L I PA 69 PRL 23 806
YU-LI PA 69 PRL 23 808
MI LLE R 70 DUKE 229
HANSON 71 PR D4 1296
MAST 75 PRD 11 3078

YU-L I PAN g F L FORMA N

YU-L I PAN g F l FQRMA N

0 H MILLER (REV I EW TALK)
g KALMUS g LOU I E
+ALSTON-GARNJOSTg BANGERTER+

( PENN) I
(PENN) I

{PURDUE)
( LBL) I
{ LBL)

PAPERS NQT REFERRED TO IN DATA CARDS

BI RMI NGH
LONDON
SIEGEL
PAN
AGU I L AR

A THE RTQN
COLL EY

66 PR 152 1148
66 PR 143 1034
67 U CRL 1 8041 THES IS
69 PRL 23 808
70 PRL 25 58
71 NP 829 477
71 NP 831 61

AGUI LAR 72
ME ISNER 72
AMMA NN 73
MAST2 73

ALSO 73
HABI BI 73

ALSO 73
THOMAS 73

PR D6 29
NC 12A 62
PRD 7 1345
PRO 7 3212
PRD 7 5
NEVI S 199(THESIS)
PURD73g PG» 387
NP 856 15

BARREIRO 77 NP 8126 319
HCLNGREN 77 NP 8119 261
ALSTON 78 PR D18 182
CAMERQN 78 NP 8143 189
DI CNI SI 78 PL 788 154

BERTHQN 74 NC 21A 146
BQRENSTE 74 PR 09 3006
DEV ENI SH 74 NP 881 330
L I CHT ENB 74 P RD 10 3865

AL SO 74 P RI V. » COMM*

ATHERTQ1 75 NC 25A 1
BARDADI N 75 NP 898 418
COLAS 75 NP 891 253

BIRMINGHAM gGLASGOWg I '» C ~ g QXFORDg RUTHERFORD
+RAUgSAMIQSg YANAMOTOgGOLQBERGg+ (BNLg SYRA) J
0 M S I EGEL {LRL)
+FORMAN (PENN) I
+BARNES BASSANQ CHUNG EI SNE R + ( BNL SYRA)
+CELNIKIER gCLAYTON g FR EN CHg FR IS Kg + (C ERN }
+CQX gEA STWOOD gF RY+ ( BI RM+EDIN+GLAS+LQIC )

AGUI LAR-8 E NI T EZ g C HUNG g E I SNE Rg S AN IOS ( BNL )
G ME I SNER ( U NC GREENSBORO+ LBL}
+CARMONYg GAR F INK EL g GUTAYg+ (PURD+IUPU)
+BANGERTERgALSTON-GARNJQSTg+ (LBL) IJP
MAS T g BANG ERT ER g A L S TON-GARN JOST g+ ( LBL) I JP
M» HABI BI (COLUMBIA )
BALTAY ~ BRIDGEWATER gCQQPERg+ (C OLUMBIA+8 ING )
THOMAS g ENGLE Rg FI SKg KRAEMER ( CARN) JP

BERTHON g TRI STRAM g+ ( CDEF+RHEL+SACL+STRB)
BOR ENS T E IN g K AL BFL E ISC H g STRAND g + ( BNL+M ICH )
DEVENI SHg FRQGGATTg MARTI N(DESY g NQRDITAg LCUC)
D B L ICHT FNB ERG ( INDIAhlA UNIVERSITY)
0 8 LICHTENBERG (INDIANA UNIVERSITY )

ATHERTONg BAR-NIRg FRENCH (CERN)
BARDADIN-OTWINOWSKA+ ( S A C L+E POL+RHEt )
COlAS, FARWELL, FERRER SI X (ORSA)

+BERGE gGANGULI gB LOKZI JL+ (CE RN+AMST+NI JM)
+AGll ILAR-BENITEZg KLUYVER+ (GERN+AMST+NIJM)
ALSTON-GARNJOST g KENNEY+ (L BL+MHCO+C ERN )
+F RANE K gGQPALg BACQNg BUTTERWORTH+ ( RHEL+ LCIC )
+ARMENTEROSg DIAZ (CERN+AMST+NI JM+OXF }

80 Y+1(1560 g JP= ) I=1 PRODUCT ION EXP ER IMENT S

BUMPS THIS ENTRY LISTS PEAKS REPORTED IN MASS SPECTRA AROUND
1560 MEV WI THOUT I MP LYING THAT THEY ARE NECESSARILY
RELATED ~

DIQNISI 78 OBSERVE A 6 S10 ~ DEV ~ ENHANCEMENT AT 1553
MEV IN THE CHARGED ( LAMBDA/SIGMA PI } MA SS SPECTRA
FROM K—P --& LAMBDA/SIGMA PI K KBAR AT 4 ~ 2 GEV/C ~

IN A CERN I SR EXPERIMENT g LOCKMAN 78 REPORT A NARRQW-
6 STD ~ DEV ENHANCEMENT AT 1572 MEV IN THE LAMBDA PI+/PI — SYSTEMS
FROM THE REACTION PP --& LAMBDA PI+ PI- + ANYTHING AT G ~ M ~ ENERGIES
OF 53 AND 62 G EV ~

THESE ENHANCENENTS ARE UNL IKELY TO BE ASSOCIATED WITH THE Y+1{1580)
{WHICH HAS NOT BEEN CONF IRMEO BY SEVERAL RECENT EXPERIMENTS — SEE
THE DATA CARD LISTINGS BELOW )
CARROLL 76 OBSERVE A BUMP AT 1550 MEV {AS WELL AS AT 1580 MEV) IN THE
K-N I=1 TOTAL CRQSS SECTION g BUT UNCERTAINTIES IN CROSS SECT IQhf
MEASUREMENTS OUTSIDE THE MASS RANGE OF THE EXPERIMENT PRECLUDE
E STI MATI hlG I TS SI GNIF I CANCE ~

IN NEED OF CONFIRMATION ~ OMITTED FROM TABLES.

80 Y+1 (1560 ) MASS (MEV ) ( PROD ~ EXP ~ )

M 121 1553 7 ~ DIONISI 78 HBC +- K-P TO Y+ K KBAR 3/79+
M 40 1 572 4 ~ LOCKMAN 78 SPEC +- PP TO L P I PI X 12/79+
M ~ »»» ~ »» ~ ~

M AVERAGE MEANINGLESS {SCALE FACTOR g: 2 ~ 4)

BANERJEE 79 ZPHY C3 1
BAUB ILL I 79 NP 8148 18
CAUT I S 79 NP B 1 56 507
SUGAHARA 79 NP 8156 237

MALAMUD 64 PL 10 145
SHAFER 64 PR 134 81372
HUNGERBU 74 PRD 10 2051

+GANGUL I gNALHOTRAg RAGHA VAhlg SUDHAKAR ( TATA)
BAUB I LLI ER+ (8 I RM+CERN+GLAS+MSU+L PNP )
+BALLAMgBOUCHEZg CARROLLgCHADWICK+ (SLAC)
+OCHIA Ig FUKU Ig COOP ER+ {K EK+OSKG+KINK)

PAPERS NOT REFERRED TO IN DATA CARDS

E MALANUD g P E SCHLE IN (CERNg UCLA) JP
J B SHAFERg 0 Q HUWE ( LRL) JP
HUNGER BUHLER gMA JKA g+ (YAL Eg F NAL g BNL g P ITT )

W

W C

W C
W

W

80 Y+1( 1560) WIDTH (ME V) (PROD ~ EXP )

121 79 ~ 30 DI ONISI 78 HBC +— K-P TO Y»h K K BAR 3/79+
40 15 6 LOCKMAN 78 SPEC +- PP TO L PI PI X 12/79+
OBSERVED WIDTH CONSISTENT WITH EXPERIMENTAL RESOLUTION ~

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCAL E FACTOR = 1 ~ 0)

80 Y+ 1( 1560) PARTI AL DECAY MODES (PROD ~ EXP )

23 Y+I( 1480 g JP= ) .I=1 PRODUCT ION EXPERIMENTS

SEE THE MINI-REVUE AT THE START OF THE Y+ LIST INGS ~

Pl
P2

Y41(1560) INTO LAMBDA P I
Y41 (1560) INTO SIGNA PI

DECAY MASSES
1115+ 139
1197+ 139

PEAKS ARE SEEhl Ihl LAMBDA P I AND S IGMA PI SPECTRA IN
THE REACTION P I+P TO K+ PI Y AT 1 7 GEV/C» ALSO THE
Y POLARIZATION OSCILLATES IN THE SAME REGION ~

S EE M Il LER 70 FOR A DISCUSS ION OF THI S STATE ~ HE SUGGE STS A POS-
SIBLE ALTERNATE EXPLANATION IN T ERMS QF A REFLECTION OF N+I/2{ 1670)
DECAY TQ I AMBDA K ~ HOWEVER g SUCH AN EXPLANATION F OR THE K+ S IGMA+ P IO
CHANNEL SEEMS UNLIKELY (SEE PAN 70) IN TERMS OF KNOWN M+3/2( 1690)
DECAY INTO SIGMA K. IN ADDITION SUCH REFl ECTIONS WOULD ALSO HAVE
TQ ACCOUNT FOR THE OSCILLATION QF THE Y PQLARI ZAT ION IN THE 1480
MASS REGION»

HANSON 71 WITH FEWER DATA THAN PAN 70 CAN NEIThER CONFIRM NOR
DENY THE EXIST ENCE OF THIS STATE ~ MAST 75 SEE S NO STRUCTURE I N THI S
MASS REGI QN IN K- P TQ LAMBDA PIO

R2
RZ

Y&l{1560) I NTO LAMBDA PI
SEEN

(Pl )
LOCKMAN 78 SP EC +- P P TO L PI PI X 12/79+

REFERENCES FOR Y+ 1 (1 560 ) ( PROD EXP ~ )

OIQN I SI 78 PL 788 154 +ARMENTEROSg DIAZ+ (CERN+AMST+NI JM+QXF ) I
LOCKMAN 78 CEN DPHPE 78-01 +ME YER gRANDERg POSTER g SCHLEI N+ (UCLA+S ACL )

80 Y+ 1 ( 1560) BRANCHING RATIOS ( PROD ~ EX P ~ )

Rl Y&1(1560) I NTQ SIGNA PI/(SIGNA PI + LAMBDA PI ) (P2) /(Pl+P2')
Rl 0»35 0 12 DIQNISI 78 HBC +- K-P TO Y+ K KBAR 3/79+

23 Y41( 1480 } MASS ( ME V) {PROD. E XP )

CARROLL 76 PRL 37 806

PAPE RS NOT REFERRED TO IN DATA CARDS

+CHIANGg KYCI Ag LI g NAZURg MICHAEL+ (BNL) I

1479 ~

1465 ~

14.85 ~

10
15.
10

PAN
PAN
GL INE

70 HBC + P I+P TQ K PI LAM 3/71
70 HBC + P I+P TQ K PI SI G 3/71
73 MP'WA K — 0 TO LN P I — P 9/73

~ ~ » ~ » ~ ~ ~

AVERAGE MEANINGLESS {SCALE FACTOR ~ 1»0) 00 Y+1( 1580g JP=3/2-) 1 =1 13 4/75

31 ~

30 ~

40 ~

15 ~

20
20

PAN
PAN
CL INE

70 HBC + P I+P TO K P I LAN 3/71
70 HBC + P I+P TO K PI SI G 3/71
73 MP WA K- D TQ LM PI- P 9/73

23 Y+1( 1480) WIDTH (MEV) ( PROD. EXP )

OBSERVED I N K- N I=1 TOTAL CS WITHOUT JP ASS IGNMENT AT
BNL(L I 73g CARROLL 73g CARROLL 76) AND I N PWA OF K- P

LAMBDA PI FOR CM ENERGIES= 1560-1600 MEV BY
LITCHFIELD 74 LITGHFI ELD 74 FINDS JP=3/2- NOT SEEN 8
ENGL ER 78 OR BY CAMERON 78 (WI TH LARGER STATISTIC S) g

I N KLONG P TO PI+ LAMBDA AND P I+ SIGMAO ~

~ ~ ~ » ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1*0)
00 Y+1(1580) MASS {MEV) 4/75

23 Y+1( 1480) PARTI AL DECAY MODES (PROD EXP, )

M L
M C

1582
1 583 ~

4 ~

4 ~

LITCHF IEL 74 DPWA
CARROLL 76 DP WA

0 K- P TQ LAM PI 4/75
I~1 TOTA{ CS 2/77

Pl
P2
P3

Y&1 ( 1480) I NTQ KBAR N

Y+I {1480) INTO LAMBDA P I
Yo1(1480) I NTO SIGMA PI

DECAY MASSE S
497+ 939

1115+ 139
1189+ 139

00 Y'fc I( 1580} WIDTH {ME V) 4/75

11.
(15 )

4 ~ LI TCHFI EL 74 DPWA
CARROLL 76 DP WA

0 K- P TQ LAM PI 4/75
I =1 TOTA L CS 2/77

23 Y&1( 1480) BRANCHING RATIOS ( PROD E XP ~ )

Rl
Rl

Y&1{1480) INTO ( SIGNA P I ) /( LAMBDA P I)
0 ~ 82 0 ~ 51 PAN

( P3) /( P2)
70 HBC + 3/71

R2
R2

Y&1 {1480) INTO {PROTON KOBAR) /(LAMBDA P I) (Pl) /{P2)
0 36 0 25 PAN 70 HBC + 3/71
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Baryons
z(~sao), z(16zo)

Data Card Listings
For notation, see key at front of Listings.

Pl
P2
P3

00 Y+ 1 (1580} PART IAL DECAY HODE S

Y&1( 1580) I NTO KBAR N

Y+1(1580) INTO, LAMBDA PI
Y&1( 1580) I NTO SIGMA PI

00 Y41( 1580) BRANCHING RATIOS

DECAY HA SSE S
497+ 939

1115+ 139
1197+ 139

4/7 5

4/75

the effect in the Avr channel with no evidence seen

in KN ar KN7t. SABRE 70 studied the same reaction
at 3.0 GeV/c with comparable statistics and did not

see any evidence for it in the ATE cha~nel; on the
Rl Y&j(1580) I NTO' KBAR N/TOTAL (Pl) 4/75
RI L +.03 ~ 01 LITCHFIEL 74 DPWA KBAR N MULTICHNL 4/75
Rl L HAIN EFFECT OBSERVCD BY LITCHFIELD 74 IS IN PI LAHBDA FINAL STATE 4/75
Rl L KBAR N AND SIGMA P I CQUPLINGS ALSO ESTIMATED FROH MULTICHANNEL F IT 4/75
Rl L INCLUDING TOTAL CROSS S'ECTION DATA (LI 73) ~ . 4/75
Rl C TOTAL CROSS SECTION BUMP WITH {J+1/2) X= ~ 06 SEEN BY CARROLL 76 2/77
R2 Y&l (1580) F RQM KBAR N TO LAMBDA P I SQRT (P 1+P2 ) 4/75
R2 L +» 10 ~ 02 LITCHFIEL 74 D PWA 0 K- P TO LAM P I 4/75
R2 NOT SEEN CAMERON 78 HBC + KL P TQ PI+ LAM 1/78
R2 NQT SEEN ENGLER 78 HBC + KL P TQ PI+ LAM 2/77

R3 Y+1(1580} FROM KBAR N TO SIGMA PI SQRT (P 1+P3) 4/75
R3 L + ~ 03 04 LITCHFIEL 74 DPWA K BAR N MULTICHNL 4/75
R3 NQT SEEN CAMERON 78 HBC + KL P TQ PI+ SIGO 1/78
R3 NOT SEEN ENGLER 7S HBC + KL P TQ PI+ SIGO 2/77

contrary, they believed it to be a spurious peak

resulting from misidentified Z from the production
p +of Z (1670) decaying into Z Ti . AMMANN 70 studied

the same reaction at 4. 5 GeV/c and reported a state
at 1640 NeV, again decaying only into A7r (no evi-
dence seen in ZTi or KN channels). Upper limits on

production cross sections for a 25 GeV/c Z beam

LITCHFIE 74 PL 518 509
CARROLL 76 PRL 37 806
ENGLER 76 PL 63B 231
CAMERON 78 NP 8132 189
ENGLER 78 PR 018 3061

REFERENCES FOR Y+l(1580)

LITCHFIELD {CERN) I JP
+CHIANGyKYC IAy L I y MAZ URf MICHAEL+ {BNI )I
+KEYES t KRAEHERgSCHLERET Hg T ANAK A+ ( CARNg ANL ) I
+CAPILUPP I+ ( BGNA+ EDI N+GLAS+P I SA+RHEL ) I
+KEY ES ~ K RA EM ERt TANAKA t C HOs+ (CARNyANL)

PAPERS NOT REFERRED TO IN DATA CARDS

Note on Z (1620)

CARROLL 73 APS BRKL Y MTG 208 CARROLL vCHIANG e KYC IA t(.I s

MAZURKA

HI CHAEL+ ( BNL ) I
LI 73 PURDUE CONF ~ 283 LI (BNL)I

are reported. by HUNGERBUHLER 74.
In conclusion, for understanding of the

Z (1620) we probably have to wait for more data and

for a more complete understanding of the entire
mass region from 1600 to 1700 MeV. The closeness
of the Z(1620) mass to 1670 MeV is suggestive that.

this effect may be related to what goes on in that
region (see the "Note on Z(1670)" below).

This state was first. suggested by the BNL-CCNY

collaboration (CRENNELL 68) who presented. evidence
+

for it in the reaction K n + Z (1620) Ti Ti with
+ +

Z (1620) decaying into A'IT . Since then there have

been conflicting reports about this state (or
states).

32 Y+1(1620t JP=l/2-) I=1
&DAN f

THE Sll STATE AT 1697 HEV REPORTED BY YANHORN 75 IS
I NT'ERMEDIATE I N MASS BETWEEN THE SIGMA(1620) AND

SIGMA�(

1750) . WE TENTATI VELY LIST IT UNDER SIGMA( 1750)
CARRQLL 7e SEES TWQ BUHPS IN THE I=1 TOTAL CROSS
SECTIONS NEAR THI S MASS.

Total Cross-Section Experiment

A measurement of the K p and K d total cross
sections in the 0. 4 to 1.1 GeV/c range has been

reported by the BNL group (CARROLL 76) . Three

narrow (10 —15 MeV wide) bumps in t;he I = 1 K N

crass sectian are seen at 1583, 1608, and 1633 MeV.

{1620 )
1630 0

L 16CS.
H 1633

1 ( 1600 ~ 0)
1 AN EQUALLY

~ ~ ~ ~

AVG 1613» 0
STUDENTle12. 1

32 Y+1(1620) MASS ( MEV)

(10 0)
5

10»
{6' 0)

GOOD F I T IS

KIH
LANGBEIN
CARROLL
CARROLL
MORRIS

OBTAINED WI THOUT

71 DP WA

72 IPWA
76 DP WA

76 DPWA
78 0 PWA
I NCLUDI NG

K-MATRIX ANAL
MUL T I CHANNEL
I =1 T QT AL CS
I =1 TOTAL CS
K — N TQ LAH PI-

THIS RESONANCE ~

3/71
12/72
2/77
2 /77
3/79+
3/79+

10 0
5 6

32 7+1 (1620) Wl DTH ( MEV )

AVERAGE ( ERROR I NCLUDES SCAL E FACTOR OF 2 ~ 2 )
AVERAGE USING STUDENT10(H/1 11) —SEE MAIN TEXT

Formation Experiments

There is evidence from several partial-wave
analyses for one or two fairly narrow states within

W

L
W H

W 1

- (40 ~ }
65» 0

(15. )
(10 ' )
( 87» 0}

{20.0)

( 19 ~ 0)

K IM 71
LANGBE IN 72
CARROLL 76
CARROLL 76
MORRI S 78

DP WA K-MATRI X ANAL.
I PWA MULTICHANNEL
DP WA I =1 TOTAL CS
DP WA I = 1 TOTAL CS
DPWA — K- N TO LAH PI-

32 Y+1(1620) PARTIAL DECAY MODES

3/71
12/72
2/77
2/77
3/79+

-50 MeV of the effect; seen in production; see the
entr ies for Z (1580,3/2 ), Z (1620,1/2 ), and Z (1660,

+1/2 ). Note however that the various analyses do

Pl
P2
P3

Y& 1(1620) INTO KBAR N

Y+I( 1620} INTO SIGMA P I
Y+1 (1620} INTO LAHBDA P I

32 Y+1{1620) BRANCHING RATIOS

DECAY HA SSE S
497+ 939

1197+ 139
1115+ 134

not agree an the widths and branching rati as af
these states.

Production Experiments

Rl
Rl
Rl A

Rl
Rl L
Rl H

Rl A

Y&1{1620) INTO KBAR N (Pl}
(0»05) KI M 71 DP WA K-MATRIX ANAL

0 05 OR LESS HONG 71 DP WA K-+P--LAM+PI
0 ~ 22 (0» 02) LANGBE I N 72 I P WA HULT I CHANNEl

TOTAL CROSS S ECTION BUMP W ITH ( J+1/2 }X= » 06 SEEN BY CARROl L 76
TOTAL CROSS SECTION BUMP WITH ( J+1/2)X= 04 SEEN BY CARROLL 76
K-MATRIX FIT{NEGLECTS 3-BODY CHANNELS) REQUIRES NQ RESONANCE

3/71
10/71
12/72
2/77
2/77

10/71

A good review of the production experiments
has been given by MILLER 70. There has been na new

evidence from production experiment. s since 1970.
The existing evidence is only in the ATT channel.
The BNL-CCNY callabaratian (CRENNELL 69) claimed

R2
R2
R2
R2

R3
R3
R3
R3 1

Y~l(1620) FRaN KBAR N TO SIGMA Pl
{0»08) KIM
0 ~ 40 (0 06) LANGB E IN

NOT SEEN HE PP2

1+1{1620) FROM KBAR N TO LAMBDA PI
(0.15) KI M

NOT SE EN BA ILLCIN
( 0 12) (0 02) HORRIS

SQRT (PIAP2 )
71 DP WA K-MATRI X A NAL 3/71
72 IPWA HULTICHANNEL 12/72
76 DPWA -0 K- NUC TO S I G P I 2/77

SQRT {Pl+P3}
71 0 P WA K-MATRI X A NAL 3/71
75 IPWA KBAR N TO LAM PI 11/75
78 DPWA — K- N TO LAH PI — 3/79+
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Data Card Listings
For notation, see key at front of Listings.

BaryOnS
z(yeso), z(~66o)

KI H 71 PRL 27 356
ALSO 70 DUKE 161

HONG 71 NC 2A 353
LA NGB E I N 72 NP 847 477

REFFRENCES FOR Y¹ 1{1620)

J K K IM
J ~ K KIM
N S HONG

+WAGNER

»

(HARV) I JP
(HARV) I JP
(YALE) IJP
( MPI M) I JP

MILLER 70 DUKE 229
SABRE 70 NP 816 201
HUNGERBU 74 PR 0 10 2051

D H MILLER {RE VIEW TALK} ( PURDUE }
SABRE CO{.LAB {SACL t AMSTt BGNAt R EHOt E PGL }
HUNG ERBUHLER t MA JKA t+ {YALEt F NALt BNLt P ITT )

BAILI ON

CARROLL
HEPP 2
MORRIS

75 NP 894 39
76 P RL 37 806
76 PL 658 487
78 PR 017 55

P ~ BAI LLONt P J ~ LITCHF IELD (CERN t Rl.:EL) I JP
+CHI ANGt KYCIAt LIt MAZURt MICHAEL+ ( BNL) I
+BRAUN GRIMM STROBELE THOL+(CERN HEID MPIH) IJP
+ALBR IGHTt COLLERAINE tKI MEL ~ LANNUTTI ( FSU) I JP

PAPERS NOT REFERRED TG IN DATA CARDS

z 166 79 Y¹l{1660t JP=1/2+) I=1 Pll
SEE THE MINI-REVUE AT THE START OF THE Y¹ LISTINGS ~

VANHGRN 75' NP 887 145
ALSO 75 NP 887 157

A ~ J ~ VAN HORN
A J ~ VAN HORN

(LBL ) IJP
( LBL) I JP 79 Y¹l(1660) MASS (MEV)

&620 MEV REGION —PRODUCTION EXPEH&~NTS

78 Y¹1{1620 JP= ) I=1 PROD UC T ION EXP ER I MENTS

SEE THE MINI-REVUE AT THE START GF THE Y¹ LISTINGS

THI S RESON ANC E NEEDS C CkF I RMAT ION ~ T HE R ESULTS OF
CRENNE LL 69 AT 3»9 GEV/C ARE NGT CONF IRMED BY THE SABRE

COLLABORATION AT 3 ~ 0 GEV/C (SABRE 70) ~ HOWEVER IN AN EXPERIMENT AT
4 ~ 5 GEV/C t AMMANN 70 SEE A PEAK AT 1642 MEV WHICH ON THE BASIS OF
BRANCHING RATIOS THEY DO NOT ASSOCIATE WITH THE Y¹1( 1670) ~ SEE MILLER
70 FOR A REVIEW OF THESC CONFLICTS

1 500 ~ -- 1600~

(1670~ }
2 ( 1621. )
2 CNLY UNCONSTRAINED

1658 ~ (4 ' )
1 (1660~ ) (30 ~ )
I FRCH SGLUT ION 1 OF
3 ( 1671. ) (2 ~ )
3 FROM SOLUT ION 2 OF

1668 ' (25 ' )
4 1 565 ~ OR 1597»
4 THE T WO ENT RIES FO
4 PARAMETERS FROM TH

1676~ ( 15~ )
1679~ ( 10» )

ARMENTERO 70 HDBC -0 K-N TG SIGMA PI
KIM 71 DP WA K-MATRI X ANAL ~

LEA 73 DPWA MULT ICHNL K-HTRX
SI ATES FROM TABLE 1 OF LEA73 ARE IN LISTINGS ~

HART 73 DP HA EL+CXt ~ 7- ~ BGEV/C
BAILLON 75 IPWA KBAR N TO LAM PI

BAILLON 75t NGT PRESENT IN SOLUTION 2
PONTE 75 DPWA 0 K- P TO LAH PI

PONTE I 5 t NOT PRE SE NT I N SGLUT ION 1
VANHORN 75 DPHA 0 K- P TO LAM PIC
MARTIN 77 DPWA K BAR iN MULTICHNL

R HARTIN 77 CORR ESPOND TO E XTRACTI ON OF RESONANCE
E T-MATRIX POLE AND FROM A 8-W FIT t RESPECTIVELY ~

RLIC 77 DPWA KBAR N MULTICHNL
ALSTON 78 DPWA KBAR N ELASTIC

6170
3/71
9/73
9/73
2/74

11/75
11 /75

1/76
1/76

11/75
ll/77

1/76
1/78

78 Y¹1( 1620) MASS ( ME V) ( PROD ~ E XP ) 79 Y¹ 1( 1660) WI DTH ( MEV)

M N

M N

M

M

M

H

M

M

(1616» 0)
EVE NTS OF

20 1618.0
1619~ 0
1 642 ~ 0
~ ~ ~ ~

AVG 1619 4
STUDENT1619» 1

(8 ~ 0
CRENNEL

3 0
8»0

12 0

3.8
3 ~ 0

) CRENNELL 68 DBC +- K-D 3 ~ 9 BEV/C 11/68
L 68 ARE IN THE LARGER SAHPLE OF CRENNELL 69»

BLUMENFEL 69 HBC + KG LONG + PROTON 9/69
CRENNELL 69 DBC +- K-N TO LAM 3 PI 9/69
AHMANN 70 DBC K-N 4 ~ 5 GE V/C 9/73

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 4 }
AVERAGE USING STUDENT10(H/1 11) —SEE MAIN TEXT

W

H

W 2
W

W 1
W 3
W

4
W

H

(50 ~ 0}
{50~ )
(51 ~ 8)

40
(80 )
(81~ )
230»
202 ~ 0 R
120.
38

(10~ )
(40 ~ )
(10.)

{165~ )
217 ~

(20 ~ }
(10

{60~ )

ARMENTERO
KI H

LEA
HART
BA ILLGN
PONT E
VA NH ORN
MART IN
RLI C
A L STON

70 HDBC -0
71 DP WA

73 DP WA

73 DPHA
75 I P WA

75 DPWA 0
75 DPHA 0
77 DPWA
77 DPWA
78 DP WA

K-N TO S IGHA P I
K-HATRIX ANAL'
HULTICHNL K-MTRX
EL+CX t ~ 7- ~ BGEV/C
KBAR iN TG LAH PI
K- P TO LAH PI
K- P TO LAM PIO
K BAR N MULTI CHNL
K BAR N HUI TICHNL
KBAR N ELASTIC

6/70
3/71
9/7 3
2/74

1 1/75
1/76

11/75
11/77

1/76
I /78

78 Y¹l( 1620) WIDTH (HEV) ( PROD ~ EXP )

N ( 66 ~ 0) ( 16 ~ 0) CRENNELL 68 DBC +- SEE NOT E N ABOVE 11/
20 30.0 10»0 BLUMENFEL 69 HBC + 9/

72 ~ 0 22 ~ 0 1 5 ~ 0 CRENNE LL 69 DBC + 9/
55 ~ 0 24 0 AHMANN 70 DBC K-N 4 ~ 5 GEV/C 9/

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 41 ~ 3 12 ~ 2 AVERAGE ( ERROR INCLUDES SCAI-E FACTOR OF 1 ~ 5
STUDENT 40»7 10»4 AVERAGE USING STUDENT10(H/1» 11) -- SEE MAIN TEXT

SEE THE NOTES ACCOHPANYING THE MASSES QUOTED

W 68
W 69

69
73

H

H

Pl
PZ
P3

79 Y¹l ( 1660) PARTIAL DECAY MODES

Y¹1 (1660) INTO KBAR N

Y¹1(1660) I NTO SIGMA PI
Y¹1(1660) INTO LAMBDA P I

79 Y¹l (1660) BRANCH I NG RATI OS

DECAY MASSES
497+ 939

1197+ 139
1115+ 139

78 Y¹1{1620 ) PARTIAL DECAY MODES ( PROD ~ EXP ~ )

Pl
P2
P3
P4
P5
P6

Y¹1{1620)
Y¹1{1620)
Y¹l{1620)
Y¹1 (1620}
Y¹1( 1620)
Y¹1 ( 1620 )

I NTO KBAR N

I NTO LAMBDA P I
INTO Y¹1( 1385) PI
I NTO LAMBDA P I PI
I NTG SIGMA PI
INTO Y¹0( 1405) P I

DECAY MASSES
49 7+ 939

1115+ 139
1384+ 139
111 5+ 139+ 139
1197+ 139
140 5+ 139

Rl
Rl

78 Y¹l(1620) BRANCHING RATIOS (PROD ~ EXP )

Y¹1(1620) INTO (LAHBDA PI PI )/(LAMBDA PI) (P4)/(P3)
14 {2' 5) APPROX BLUHENFEL 69 HBC +

R3
R3

R4
R4
R4

Y¹1(1620) INTO LAMBDA P I
LARGE CRENNELL 68

Y¹1 (1620) INTO (Y¹1 {1385) P I ) I (LAMBDA P I )
(0.2) (0 1) CRENNELL 68
{0 3) OR LESS CL= 95 AMHANN 70

(P2)
DBC +-

( P3) /( P 2)
DBC +-
OBC K-P 4» 5 GE V/C

R2 Y¹1( 16201 I NTO (KBAR N) /(LAHBDA PI) (Pl) /(P2)
R2 (0 0) (0 1) CRENNELL 68 DBC +
R2 0»4 0 ~ 4 AMHANN 70 DBC K-P 4»5 GF. V/C 6/70

11/68

11/68
6/70

Rl
Rl
Rl
Rl 2
Rl
Rl 4
Rl

R2
R2
R2 2
R2
R2, 4
R2
R2

R3
R3
R3 2
R3 1
R3 3
R3
R3 4
R3

S IGHA P I
ARHE NTERG 70
KIH 71
LEA 73
HE PP2 76
MART IN 77
RL IC 77

HD BC
DP WA

D P'WA

DPHA
DP WA

DPWA

Y¹1 ( 1660)
(0 ~

( ~

(»
LE

I NTO KBAR N

14)
10)
11 ( ~ 02)
27)OR ~ 29
SS THAN ~ 04
10 ( ~ 05)

KIM
LEA
HART
HARTIN
RL IC
ALSTON

71
73
73
77
77
78

DPHA
DP WA

DPHA
DPHA
DP WA

DPWA

F RGH KBAR N TG
0)
07 )
04) ( ~ 02)
16) ( ~ 01)
12 (, 12}
10)OR — 11
SS THAN ~ 04

Y¹l( 1660)
(0 ~

(+.
(.—
(+.
(- ~

LE

LAMBDA P I
KI M

LEA
BAILLCN
PONTE

( ~ 04) VANHORN
HARTIN
RL IC

71
73
75
75
75
77
77

DPHA
DP HA

I PHA
DPWA
DP WA

DPWA
DP WA

REFERENCES FOR Y¹1(1660)

Y¹1 (1660} FROM KBAiR N TG~

(+0.2)
(0 24)
(- Zl )

NOT SEEN(- ~ 34 )OR —~ 37
—~ 16 ( ~ 03)

SQRT(P 1¹P2)
-0 K-N TO S IGMA P I

K-MATRI X A NAL ~

MULTI CHNL K-HTRX
-0 K- NUC TO SIG P I

KBAR N HULTICHNL
K BAR N MUL T I CHNL

(Pl)
K-MAT RI X ANAL ~

HULTICHNL K-MTRX
EL+CXt ~ 7 ~ BGEV/C
K BAR N MULT ICHNL
KBAR N MULTICHNL
KBAR N ELAST I C

SQRT (Pl¹P3)
K-MAT R I X ANAL
HULTICHNL K-HTRX
K BAR N TG LAH PI

0 K- P TG LAM PI
0 K- P TO LAH PI 0

K BAR N MULT ICHNL
KBAR N MULTICHNL

6/70
3/71
9/73
2/77

11/77
1/76

3/71
9/73
2/74

11/77
1/76
1/78

2/73
9/73

11/75
1/76

11/75
11/77

1/76

R5
R5

R6
R6

Y¹1(1620) I NTO ( SIGMA PI ) /(LAMBDA P I)
(1 1 ) {95 PC UPPER L IM IT ) AMHANN

(P5)/(P2)
70 DBC K-N 4 5 GEV/C

Y¹1{1620) INTO ( Y¹0( 1405) PI)/(LAHBDA PI) (P6) /{P2)
0 7 0.4 AMHANN 70 DBC K-P 4 ~ 5 GE V/C

9/73

6/70

ARHENTER 70 DUKE 123
KI M 71 PRL 27 356

ALSO 70 DUKE 161
HART 73 PURDUE CONF ~ 311
LEA 73 NP 856 77

ARME NTEROS BAI LLON ~ + {CERNt HEIOEL) I JP
J K K IH ( HARV} I JP
J~ K ~ KI M (.HARV) IJP
+R ICEt BACA STOW ~ F UNG t+ (TENN+UCR+HASA+BUFF) I JP
+HARTINtHOORHOUSE+ (RHEL+LOUC+GLAS+AARHUS) I JP

AMMANN 70 PRL Z4 327
ALSO 73 PR 07 1345

+ GARF INKELt CARMGNYt GUTAY t+ (PURDUEt IND }
AHMANN t CARHONY t GAR FI NKE Lt ( PURD+I UPU)

PAPERS NOT REFERRED TO IN DATA CARDS

REFERENCES FOR Y¹1 (1620) ( PROD EX P ~ )

CRENNELL 68 PRL 21 648 +DELANEY t FLAMI NI Gt KARSHONt + ( BNLg CUNY ) I
BLUHENF E 69 PL 298 58 BLUMENFELD t KALBFLEI SCH ( BNL) I
CRENNELL 69 LUND PAPER 183 +KARSHGNt LAIt ONEILt SCARRt + (BNLtCUNY} I

RESULTS ARE QUOTED IN LE VI SETTI 69

BA ILLGN 75 NP B94 39
PCNTE 75 PRO 12 2597
VANHGRN 75 NP 887 145

ALSO 75 NP 887 157

HEPP2 76 PL 658 487
MARTIN 77 NP B127 349

ALSO 77 NP 8 126 266
ALSO 77 NP 8126 285

RLIC 77 NP 8119 362
AL STON 78 P R D18 182

ALSO 77 PRL 38 1007

P ~ BAILLON tP ~ J ~, LITCHF IELD (CERNt RHEL) I JP
+HERTZBACH BUTTON-SHAF ER+ (HAS A+TENN+UCR ) I JP
A J ~ VAN HORN (LBL) I JP
A ~ J ~ VAN HORN ( LBL) I JP

+BRAUN tGRI HH t STROBELE t THOL+ (CERNtHEI D t MPIH) I JP
HART INt PI DCGCKt MOORHOUS E (LOUC+GLAS. )IJP
HARTIN P ID CGC K ( LCUC )
MART IN t P ID COCK (LGUC) I JP
GOPALt ROSS t VAN HGRNt MCPHERSON+ (LGIC+RHEL ) I JP
+KENNE Yt POLL ARD t ROSS+ (LBL+MTHO+CERN) IJP
ALSTON-GARNJOSTt KENNEY ( L BL+MTHO+C ERN ) I JP

ARHENTER 68 NP 88 183
LEVISETT 69 LUND CONF
TR I P P 69 U CRL 1 9361
ARMENTER 70 DUKE 123

ARMENT EROS t BAILS GN + ( C E RN+HE I 0+S AC L )
R LEVI SE TTI ( RAPPORTEUR) EF INS
R 0 TR IPP (LRL)
ARMENTEROS t BAI LLON + ( CE RN+ HEI D+S ACL )
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Baryons
Z(1670)

Data Card Listings
For notation, see key at front of Listings.

Note on Z (1670)

Production Experiments

The measured Z7T/ZTiTi branching ratio for pro-
duced Z (1670) 's i s strongly dependent on momentum

transfer. This was first discovered by EBEHHARD 69,
who suggested the existence of two Y ' s with the
same mass and quantum numbers; one object with a

large ZT{Tt I mainly A (1405) vt'] decay node produced

peripherally, and another one with a large ZT) decay

mode produced at. larger angles. This. observation
has been confirmed by AGUILAR-BENITEZ 70, %SPELL 74,
ESTES 74, and TIMMERIU} NS 76. When determi ned, the
most likely quantum number" s are 3/2 I for both ZT{

and A(1405) iT] . There is also the possibility of a

third Y* state, referred to as Z (1690) in the Data

Card Listings, with a large AYt/ZTT branching ratio
and somewhat larger mass. The large branching

ratio is the main justification for this hypothesis
and needs confirmation. These problems have been

reviewed by EBERHARD 73 and MILLER 70.

Formation Experiments

Two states are also observed near this mass in
formation. One of these, the Z ( 1670, 3/2 ), has the
same quantum numbers as those observed in production
and a large Zvt//ZTi7t br anching r atio. It may well
correspond to the produced Z {1670) seen at larger
angles. (See TIMNERNANS 76 on this point. ) The

+other state, the Z (1660, 1//2 ), has di fferent
quantum numbers from those seen in production, and

its ZTi//ZTivl branching ratio is unknown. Thus its
relation to the produced Z(1670) remains obscure.
{See also the "Note on Z(1620) " above. )

H

W

H

W

H

H

H

H

H

H

H

H

W

H

H

H

Pj
P2
P3
P4
P5
Pe
P7
P8

Rl
Rl
Rl
Rl
Rl
Rj
Rj
Rl
Rj

R2
R2

R3
R3
R3

R4.
R4

R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5

1 1667 OR 166S MARTIN 77 DPHA KBAR N MULTICHNL
1 THE THQ ENTRIES FOR MARTIN 77 CORRESPOND TG E XTRACTI GN OF RESCNANCE
1 PARAMETERS FROM THE T-MATRIX POLE AND FROM A 8 W FIT RESPECTIVELY ~

1670~ ( 5 RLIC 77 DPWA KBAR N MULTICHNL
1679~ ( 10 ~ ) ALSTQN 78 DPWA KBAR N ELASTIC

11/77

1/76
1/78

44 Y¹ 1( 1670) HI DTH (MEV)

C
D

1

60 ~ 0
56.

(44 ' 0)
47 0
49 0
34» 0
50»
30, 0
48 ~ 0
50
59
40.
65 ~ 0
70
85

(44 )
(76 ~ )

32»
(80. )

56 ~

46 ~ OR
50.
56

(18 )
(4 ~ 0)
(4 0)

(10»0 )
(5.0)

(10 ~ )
(4 5)

(20»0)
(20 )
{25. )
(ll )
(5»)

( ll ~ )

(3 )
46.

(5 ~ )
(20 )

BERL EY
ARMENTER
ARMENT E2
AR MENT E4
AR MEN T- 5
BERL EY
ARME NTER
BRUCKER
GALTIERI
GA LT I ERI
BUD G EN

KI M

LANGBE IN
BAXTER
BA I LLQN
PONT E

PONT E
VA NHORN
BELL EFGN
HE PP2
MARTIN
FlIC
ALSTON

e4 HBc
68 HBC
68 HBC
69 DBC
69 HBC
69 HBC
70 HBC
70 DBC
70 HBC
70 HBC
71 DP HA

71 DPHA
72 I P WA

73 DPHA
75 I PWA
75 DPHA
75 DPHA
75 DP WA

76 I P HA
76 DP WA

77 DP W*
77 DP WA

78 DP WA

0

0
0

0

0
0
0
0

-0

K—P ELAS +CH EX
K-P TO SIGMA PI
K-N TQ S IG- P IO
K-P TG SI GMiPI ED

K-P TG LAMB»PI
K-N TO S I G 2P I'
5 IG PI3 EDPHA
LAM PI3 EDPHA
LAM P I 0
K-MAt RIX ANAL ~

MU} TICHANNEI
K — P TG NEUTRAL S
KBAR N TG LAM PI
K- P TO LA M P I
K- P TO LAM PI
K- P TG LAM P IO
K- P TG LA M P I
K- NUC TO S IG P I
K BAR N MULTI CHNL
K BAR N MUL T ICHNL
K BAR N ELASTIC

7/66
11/68
11/68
12/68
9/69
5/70
5/70

10/71
T/70
7/70

10/71
3/71

12/72
10/74
11/75

1/76
1/76

11/75
2/77
2/77

11/77
1/76
1/78

44 Y¹j(1670) PARTIAL DECAY MODES

Y&l{1670)
Y~j (1670)
Y¹1(1670)
Y¹j(1670)
Y¹j ( 1670)
Y&1( 1670)
Y¹1( 1670)
Y¹1(1670)

INTO
INTO
I NTG
I NTG
I NTO
INTO
INTO
I NTG

KBAR N

LAMBDA P I
SIGMA PI
LAMBDA P I PI
SIGMA PI P I
Y&j( 1385) PI S-WAVE
Y'¹0( 1405) PI
LAMBDA(1520) PI

DECAY MA SSE S
4.97+ 939

1115+ 139
1197+ 139
1).15+ 139+ 139
1197+ 139+ 139
139+1384

1405+ 139
139+1518

44 Y¹1( 1670) BRANCHING RATIOS

Y&j( 1 670) I NTO ( KBAR N) /TOTAL
(0.09 ) ( 0 02)
0» 08 (0»02)
0. 07
0. 10 (0 ~ 03)
NOT SEEN
{.07 )OR 07

~ 08 ( ~ 03)
~ 11 ( ~ 03)

ARMENTER
ARMENT-5
KIM
LANGBE IN
HART
MARTIN
RL IC
AL STON

68 HBC
69 HBC
71 DP WA

72 IP WA

73 DP HA
77 DP HA

77 DP WA

78 DP WA

(Pl )

0 ELAS» +CH ~ EX ~ ED
K-'MATRIX ANAL
MULTICHANNEL
EL+CX ~ ~ 7- SGF V/C
KBAR N MULTICHNL
KBAR N MULTICHNL
K BAR N ELAST I C

9/69
9/69
3l 71

12/72
2/74

), 1/77
1/76
1/78

Y&l (1670) I NTG ( LAMBDA PI P I ) /TOTAL
(0 11) OR LESS ARMENTE3 68 HBC

(P4)
K-P ( Pl= ~ 09) 9/e9

Y¹ j(1670) INTO (Y¹0( 1405) P I )/TOTAL{0.06) OR LESS AR ME NT E3 68 HBC
{P7)

K-P AND D-P 1= ~ 09 11/68

2
2

C
D

1

F
F

Y¹j (1670) FROM
(+0 1)

PUBL IS }-ED S I GN

+0.09
» 165

0 F 08
0 ~ 13
+.10
+»018
+ ~ 06
( ~ 08)
( 17)
+ 09

(+.05 )
(+ 08)GR
+.10
0 ~ 17
0» 13

RESULTS ARE W I

KBAR N TO LAMBDA PI SQR
ARMENTER 70HBC

CHANGED TG AGREE WITH LUND 1969 CONVE
(0 02) GALTIER I 70 HBC

( ~ 01) BUDGEN 71 DP WA

KIM 71 DP HA

(0 03) LA NGBE I N 72 I PHA
( ~ 02) BAXTER 73 DPHA.060 DEVEN ISH 74
( ~ 02) BA I LLCIN 75 I P WA

( ~ 01) PGNTE 75 DP HA

( 01) PONT E 75 D PWA
( .02) VANHQRN 75 DPWA

BELLEFQN 76 IPHA
+.08 MARTI N 77 D PWA

( 02) RLIC 77 DP WA

(0 ' 03) MORRIS 78 DP WA

{0 02) MQRRI S 78 DP WA

TH AND H ITHDUT AN Sl 1 SI G( 1620) IN TH

T(P 1&P2)
K-P TQ LAMB P I
NTIGN (SEE TEXT&
LAM ~ Ply EDPHA
LAM P IO
K-MATRIX ANAL
MULT I CHANNEL
K- P TO NEUTRALS
F IXED T DI SP RE L
KBAR N TG LAM PI
K- P TO LA M PI
K — P TG LAM P I
K- P TG LA M P IO
K — P TQ LA M PI
K BAR N MUL T ICHNL
KBAR N MULTICHNL
K- N TO LAM P I—
K- N TO 1AM PI-
E FIT.

5/70
10/74
7/70

10/71
3/71

12l 72
).0/74
4/75

11/75
1/76
1/76

11/75
2/77

11/77
1/76
3/79¹
3/79¹

Y& I( 1670) I NTG ( SIGMA PI PI ) /TGTA) (P5){0.14) OR LESS ARMENTE3 68 HBC K-P AND D-Pl= ~ 09 ll/68
RATIO ONLY FOR (SI G2PI ) SYSTEM IN I= jg WHICH CANNOT BE Y»I'1( 1385) 11/68

~11j670 44 Y»111470 JP=3/2 —1 1=1 D $3
SEE THE MINI-REVUE AT THE START OF THE Y+ LISTINGS ~

WELL ESTABLISHED RESONANCE IT HAS BEEN SEEN IN BOTH
FORMATION AND PRODUCTION EXPERIMENTS

SEE } I STING QF PRODUCT IQN EXPERIMENTS BELOW

R6
Re
R6
R6
R6
R6
R6
R6
Re
R6
R6

Y¹1{1670) FROM
{+0 21)
+0~ 19
+0 20
+0 18
+0 ~ 18

0 ~ 15
0 23
+ ~ 20

(+ ~ 18 ) OR
+ 21

KBAR N TG SIGMA
(0 ~ 01)
{0.01)

( 0 ~ 06)

( 0» 05)
( ~ 01)

+» 17
( 02)

PI
ARMENT E2
ARME NTE4
ARMENT-5
BE RLEY
GA LTIERI
KI M

LA NGBE I N

HEPP 2
MARTIN
RL IC

68 HBC .

69 0 BC
69 HBC
69 HBC
70 HBC
71 DPHA
72 I PWA
76 DPWA
77 DP HA

77 DPWA

SQRT (Pj¹P3)
0 OLD DATA

0 NEW DATA

0 S IG PI g EDPHA
K —MATRIX ANAL'
MULT I CHANNEL

NUC TO S I G P I
K BAR N MULTI CHNL
K BAR N MULT IC HNL

11/68
9/69
9/69
5/70
7/70
3/71

12/ 72
2/77

11/77
1/76

Y& 1( 1670) MASS ( ME V)

{5~ )
(2 ~ 0)

(2.0)

(3 0)
(5 ~ 0)
10 )
(2 ' )

15 ~ 0 )
20 )
(3 ~ )
1 GF
(2 ~ )
2 QF
12 ' )

PGNTE 75 '

PONT E 75
(5. )

(6. )

BERLEY
ARMENTER
ARMENTE2
ARMENTE4
ARMENT-5
BERLEY
ARMENTER
BRUCK ER
GALTIERI
GALTIERI
BU DG EN
KIM
LANGBEIN
BAILLQN
PGNTE

PQNTE

VA NHORN
BE LLEFON
HEPP2

M 1660 0
M I 668
M (1661~ 0)
M 1680~

M 1663~ 0
M 1672 ~ 0
M 1660,
M 1681» 0
M 1662 ~ 0
M 1 665 ~ (
M 1676~

M 16TO
M 1675 ~ 0 {
M 1685. (
M C (1671» )
M C FROM SGLUT ICN
M D (1655 )'
M D FROM SQLUT ICN
M 1659 (
M ( 1650 ~ )
M 1670~

64 HBC
68 HBC
68 }-}BC,
69 DBC
69 HBC
69 HBC
70 HBC
70 DBC
70 HBC
70 HBC
71 DPWA
71 0PHA
72 I P WA

75 I PHA
75 DP WA

0 K-P TQ LAM P IO
0 K-P ELAS +CH EX
0 K-P TO S IG MA PI

K-N TO S IG- P IO
0 K—P TO SIGMPI ED

K-P TO 5 IG P I
0 K-P TO LAM PI EI

K-N TO SIG 2PI
0 S IG PIg EDPWA
0 LAM PI g EDPHA

LAM PI03 CHS DATA
K-MAT RIX ANAL
MULTI CHANNEL
K BAR N TQ LAM P I

0 K- P TO LAM PI

75 DPWA 0 K- P TG LAM PI

75 DPHA 0 K- P TQ LAM P IO
76 I PHA 0 K- P TO LAM PI
76 DP'HA —0 K- NUC TQ SIG PI

7/66
11/68
ll/68
12/68
9/69
5/70
5/70

10/71
7/70
7/70

10/71
3/71

12 /72
11/75

1/76
1l76
1/76
1/76

11/75
2/77
2/77

R7
R7
RT
R7

RB
RS
R8
R8

R9
R9

RI. 0
RIO 3
R10 3
R10 3

Y¹j(1670) FROM KBAR N TG Y&1(1385) PI S—HAVE
(0 17) (0 02) SI MS 68 DBC

SIMS 6S USES ONLY CROSS-SECT ~ DATA ~ RESULT USED+.11 ~ 03 PREVQST 74 DPWA

SQRT (P j¹P6)
L AM 2 PI CRGS ~ SEC

AS UPPER LIMIT ONLY
0 — K-N TG S (1385)PI

10/71
3/72

10/74

Y&l(1670) I NTQ (Y&0 {1405)' PI )/ (Y¹1(1385 )
0. 23 (0 08) BRUCKER

PI )
70 DBC

(P7)/(P6)
K —N TO S IG 2PI 10/71

Y+j(1670) FROM KBAR N TO LAMBDA(1520) PI.08 1 ~ 016 CAMERQN 77 DPWA
CAME {IGNTT UPP ER LIMIT ON F-W AVE CECAY IS» 03
AS SUME S LAMBDA ( 1 520) E LAST I CITY= .46.

SQRT (P j¹PS)
0 P-HAVE DECAY 1/78

1/78
1/78

Y&j(1670) INTO ( Y&0 (1405)PI )¹(KBAR N)/TOTAL¹&2 (PTPl)
(0~ 03) OR LESS BERLEY 69 HBC 0 K-P 6- 82 BEV/C 5/70
0 007 (0»002 ) BRUCKER 70 DBC — K-N TO SIG 2PI 10/71

ASSUMING Y&0( 1405) PI CROSS SECTION BUMP DUE S GLEY T 0 3/2- RESON ~ 10/71
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Particle Data Group: Review of particle properties S257

Data Card Listings
For notation, see key at front of Listings. .

Baryons
X{1670}

REFERENCES FOR Y+j(1670)

ARHEN TER 68 NP 88 195
ARME NTE1 68 NP 88 183
ARMENTE 2 68 NP 88 223
ARMENTE3 68 PL 288 521
SI MS 68 PRL 21 1413

ARMENTE4 69 NP 810 459
ARMENT-5 69 NP B14 91
BERL EY 69 PL 308 430

ARMENTEROS g BAILLGN + {CERN+HEI D+SACLAY ) I JP
ARMENTEROSg BAILLON + (CERN+HEI D+SACLAY) I JP
ARMENTEROS+BAILLON + (CERN+HEID+SACLAY) I JP
ARME NTEROS, BAI LLQN + t CERN+HE I D+SAC LAY ) I
SIHSg ALSRIGHTg BARTLEYg MEER+ (FSUg TUFT gBRAN)

ARMENTEROSgBAII LONgMINTEN + (CERN+SAC LAY) J
ARHENTEROSr BAILLONg + (CERNs HEIDELg SACLAY) I JP
BERLE Y sHARTg RAHM s WI LLI 5 rYAHAMQTO ( BNL )

AR ME NTE R

BRUCK ER
GALTI ER I
BUDGE N

KI M

ALSO

70 DUKE 123
70 DUKE 155
70 DUKE 173
71 LNC 2 85
71 PRL 27 356
70 DUKE 161

ARMENTEROS s BAILLONg + (CERNs HEID)
+HARRI SONr SI MSs ALBRI GHT, CHANDLER++ {FSU) I
A» BARB ARO GAL T I ER I I LRL) I JP
D BUDGEN ( DURH} I JP
J K K IH (HARV) I JP
J» K ~ KIH (HARV) IJP

LA NG8EI N 72 NP 847 477
BA XT ER 73 NP 867 125
HART 73 P URDU E CONF ~ 3 11
DE VE NI SH 74 NP 881 330
PR EVOST 74 NP B69 246

BAILLQN 15 NP 894 39
PGNT E 75 P RD 12 2597
YA NHGRN 75 NP 887 145

ALSO 75 NP 887 157

BELLEFGN 16 NP 81C9 129
HE PP2 76 PL 658 487
CA HERON 77 NP 8131 399
MARTIN 77 NP 8127 349

ALSO 77 NP 8126 266
ALSO 77 NP B126 285

RL IC 77 NP B 119 362

+WAGNER ( MPIM) I JP
BAXTER s SUC KI NGHAMs CGRBETTs DUNN s+ (OXFORD }I JP
+R I C E r BACA STOW g F UNG g + ( TE NN+ UC R+ HAS A+ 8 UF F ) I JP
DEVENISH FRQGGATT HART IN(DESY NORD ITA LOUC )
PREVOSTgBARI GUTAUD g+ ( S ACL+C ERN+ HE I 0 )

P BA ILLGNg P J ~ LITCHF I EL D ( CERNg RI-,EL ) I JP
+HERTZBACH gSUTTON-SHAF ER+ ( MASA+TENN+UCR ) I JP
A J -VAN HORN I {BL)IJP
A ~ J« VAN HORN (LSL) I JP

DE BELLEFGNs BERTHON (CDEF ) IJP
+8RAUN gGRI MMg STROBELE s THOL+( CERNs HE I Dg HPIH) I JP
+FRANEKr GOPALg KALMUSs MCPHERSON+ (RHEL+LGIC ) I JP
MARTI N g PI OCOCK s HOORH GUS E ( L OU C+GL AS ) I JP
HART IN s P I DCOCK (I CUC)
MART INs PIDCQCK ( LOUC) I JP
GOPAL s ROSS ~ VAN HORN g MCPHERSON+ (LOIC+RHEL ) I JP

BERL EY 64 DUBNA CQiNF I 565 +CGNNGI LYg HART g RAHHg STGNEHII L r + t BNL) I JP

51 Yss: I (1670) BRANCHING RATIOS ( PROD« EX P ~ )

Rj
Rj
Rl
Rj
Rl
Rl
Rl
Rj
Rj
R).

Y+j{1670} INTO tKBAR
0 (0 19) OR LESS

(0 ~ 5) +- ~ 25 OR
(0 ~ 6) OR LESS
(0 ~ 025)

0 (0 24) OR LESS
(0 26) OR LESS
I 0 ~ 2} GR LESS
(0 10 ) OR LESS

( ~ 03) OR LESS

f P 1) /tP3)
+ K P 1 ~ 15 BEV/C
—0
+ K-P 2 ~ 25 8 EV/C

0 ASSU HING J=3/2
+ K-P 4 ~ 6- 5 ~ GE V/C
+ K-P 3%9-5 GEV/C

N)/{SIGMA PI)
ALVARCZ

MORE SHI TH
LONDON
BUGG
P R IMER
BARN ES
AGUI LAR
BERT HON

TI HMERMA

63 HBC
63 HBC
66 HBC
68 CNTR
68 HBC
69 HBC
70 HBC
74 HBC
76 HBC

0 QUASI 2 BODY C S
+ K- P 4 ~ 2 GEV/C

(P2) I (P3)
+ K-P 1,15 BEV/C-0
+ K-P 2 25 'BEV/C
+ K-P AT 1 ~ 7 GE V/C
+ K-P 3 ~ 9-5 GEV/C)- SEE BARNE S 69 FOR

+ K-P 3 9-5 GEVIC
0 QUASI 2 BODY CS
0 K-P s 2 1+2 ~ 6GEVI C

+ K- P 4 2 GEV/C

R2 Y+l(1670) INTO (LAMB ~ PI)l(SIG PI)
RZ 130 (1 20 ) ALVAREZ 63 HBC
R2 (1 ~ 2) SMITH 63 HBC
R2 0% 15 0 ~ 07 HUWE 64 HBC
R2 0 ~ 6 OR LESS LONDON 66 HBC
R2 33 0 ~ 11 0%06 BUTTON-S 68 HBC
R2 P 0 (0 ' ) PRIMER 68 HBC
R2 P PRIMER 68 ASSUMED THIS DECAY TO BE ALL Y+t 1690
R2 P NEW INTERPRATATION GF DATA ~ {3 T I MES MORE DATA)
R2 0 ~ 45 0 ~ 15 BARNES 69 HBC
R2 55) ( 11) BERT HON 74 HB C
R2 ~ 76 ~ 09 ESTES 74 HBC
R2 I 45)+I- ~ 07 OR LESS TI MMERMA 76 HBC
R2 ~ ~ ~ ~ ~ ~ % ~ ~

R2 AVERAGE MEANINGLESS (SCALE FACTOR = 3 7}

7/66
11/66

7/68
10/69

5 /'70
4/75
2/77

7/66
10/69
10/69

10/69
4/75

11/75
2/77

R3 Ysm' I( 1670) INTO (LAMB ~ PI PI ) I (S IG PI ) (P4) I (P3 )
R3 90 (0 56) ALVAREZ 63 HBC + K-P 1«15 BEV/C
R3 (0 ~ 17) SMITH 63 HBC -0
R3 (0«6) OR LESS LONDON 66 HBC + K- P AT 2 25 BEV/C 7/66

R4 Yss I( 1670} I NTO ( SIGMA PI PI )I (SIG PI ) (P5)/(P3}
R4 180 (0 ' 56) ALVAREZ 63 HBC + K-P 1 ~ 15 BEV/C
R4 8 LARGEST AT SMALL ANGLES ESTES 74 HBC 0 K-Ps Z«1+2% bGE V/C 11/75
R4 2 (0~ 2) OR LESS HEPPl 76 DBC — K-N 1 «6-1 ~ 75 GEV 2/77

ALSTCN 78 PR D18 182
ALSO 77 PRL 38 1007

HORRI S 78 PR 017 55

+KENNEY ~ POLLARDs ROSS+ ( L SL+HTHO+C ERN ) IJ P
ALSTON-GARNJOSTs KENNEY ( LBL+MTHO+C ERN ) I JP
+ALBRIGHTr COLL ERA INEg K IHEL s LANNUTTI ( F SU) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

R5
R5
R5 P
R5 8
R5 BD
R5 D

Y+ I( 1670} INTO ( Y+0(1405) PI ) I (SIG PI )
50 3 ~ 1 ~ 6 LG ND ON

17 {0' 58) (0 ' 20) PRIMER
LARGE ST AT SMALL ANGLES ESTES
1 8+I-0 3 TQ 0 0Z+/-0 07 TIHHERHA

DEPENDING GN PRODUCT ION ANGLE

( P7)/(P3)
66 HBC + K-P 2 ~ 25 BEV/C 7/66
68 HBC + K P 4» 6 5 ~ GE V/C 7/68
74 HBC +- K-P 2 ~ 1+2 ~ 6GEV/C 11/75
76 HSC + K-P 4 ~ 2 GEV/C 11/77

BAST IENl 63 PRL 10 188 P L BASTIENs J P BERGE ( LRL) IJ
REPLACED SY BAST IEN 2 BUT SIMILAR AND NORE READILY AVAILABLE ~

BAST I EN2 63 UCRL-1 C779 THE SI S P L BASTIEN (LRL ) IJ
T-ZADEH 63 PRL 11 470 TAHER-ZADEHsPROWSEs SCHLEINgSLATERs+ (UCLA} JP

SEE NOTE FOL LGWI NG S CHLEIN 66 ~

SCHLE IN 66 UCLA-1016 P«E ~ SCHLE INs T ~ G ~ TRI PPE (UCLA ) JP
REANALYSES DATA OF TAHER-ZADEH 63 s BASTIEN 63 AND ALL PUBLI SHED
LAMBDA PI CROSS SECTION . DATA IN THE LIGHT OF THE NOW KNOWN
Y&j ( 1765 ) REVERSES THE MODEL-DEPENDENT CONCLUSION OF TAHER-
ZADEH CN THE PREFERRED JP ASSIGNMENT (FROM 3 2+ TO 3 {2-) ~ }

SMART 66 PRL 17 556 M SMART g A KERNANsG E KALHUSs R P ELY (LRL ) I JP
ARMENTER 67 NP 83 592 ARMENTERGSgFERRO-LUZZI+ (CERN sHEIDs SACLAY)
PRE VOST 71 AMSTERDAH CONF + CHS COLL ABQRAT ION (CERN+HEID+SACI. )

R6
R6
R6
R6 0
Rb D
R6 8
R6
R6 8
Re 8

R7
R7
R7
R7
R7
R7

Yo1 (1670) INTO ( Y+0{1405) P I ) /( SIGHA PI PI I

0 ~ 90 0 10 0 16 EBERHARD 65 HSC
1 00 ~ 02 AP SELL 74 HBC

~ 97 ~ 08 T IHMERMA 76 HBC
~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

(P7) l(P5)
+ K-P 2 45 8 EV/C

K- P 2 87 GEVI C
K- P 4 2 GEV/C

7/66
4/75
2 /77

Y+I (1670) INTO (SIGMA PI )/(SIGMA PI PI ) (P3) /(P5)
4 OR I ESS BIRMINGHA 66 HBC + K-P AT 3 ~ 5 GEV/C 11/67

0 30 0 ~ 15 LONDON
' 66 HBC + K-P 2 ~ 25 GEV/C 7/66

8 ETWEEN 2 ~ 5 AND 0 ~ 24 EBERHAR0 69 HBC K P AT 2 ~ 6 GEV/C 9/69.
DEPENDING ON THE PRODUCTION ANGI E

VARIES WITH PROD ~ ANGLE AP SELL 74 HBC + K-P 2 ~ 87 GEV/C 4/75
{1 39) ( 16) BERTHON 74 HBC 0 QUASI 2 BODY CS 4/75

APSELL 74g ESTES 74 AND TIHHERMANS 76 FIND STRONG BRANCHING RATIO
DEPENDENCE ON PRODUCTION ANGLEg AS IN EARL IER PROD ~ EXPERIMENTS ~

Z(1670}
BUMPS

51 Y& I I 1670 s JP= ) I=1 PROD» AND CROSS SECT EXPS ~

R8
RB

Y& I( 1670) I NTO ( Y+0( 1405) PI ) /(Y+I (1385 ) PI ) (P7) / (P6)
(0%8 } OR LESS EBER HARD 65 HBC + K-P 2, 45 BEV/C 7/66

R9 YAI( 1670) INTO (LAMBDA P I PI ) I( SIGMA PI PI ) (P4) I (P5}
R9 0 35 0 2 8IRMINGHA 66 HSC + K-P AT 3 ~ 5 GE V/C 11/67

SEE NOTE PRECEDING Y+I ( 1670)
PROBABLY THERE ARE TWO STATES AT SAME MASS WITH SAME
QUANTUM NUMBERS r ONE DECAYING I'NTQ SIGMA PI AND LAMBDA
PI g THE OT HER INTO Y ss0 {1405) P I ~

51 Y&jt 1670) HASS (MEV) I PROD. EXP ~ )

R10 Y& I {1670) INTO {LAMBDA P I )/(SIGHA PI PI ) (P2) /(P5)
R10 ( ~ 2) OR LESS BIRMINGHA 66 HBC . + K-P AT 3 5 GEV/C 11/67

Rll Y&j (1670) INTO {LAMBDA P I)/(LAHBDA PI + S IG PI ) t P2) /( P2+P3)
Rll (0%6) OR LESS AGUILAR 70 HBC 5/70

R12 Y+I (1670) INTO (V+I (1385) PI)/{ SIGMA PI ) (P6) /t P3) 1 /76
R12 ( ~ 21 )~/- ~ 05 OR LE SS TI MMERMA 76 HSC K- P 4 2 G EV/ C 2/77

M

M

M

H P
M P
M

M

M

M

M

M

M

M

M

M

H A

( 1685%0) Ai EXANDER 62 HBC -0
jeeo ~ 0 10.0 ALVAREZ 63 HBC . +

(1665~ 0) (5 ~ 0} BUGG e8 cNTR
70(1661~ ) (9 ) PRIMER 68 HBC +

SEE BARNES 69 FOR NET ANALYSIS OF DATA I 3 TIMES
1670~ 0 6 ~ 0 AGUI LAR 70 HBC
1668 0 10 0 AGUILAR 70 HBC
1665 1 0 APSEI L 74 HSC

1200 1688+/ —2. OR 1683+/-5 ~ SERTHCN 74 HBC 0
5 1670 cARRGLL 7e DpwA
5 TOTAL CROS S SECTION BUMP WITH ( J+1/2 }X= ~ 23
2 1675 10 ' HE PP 1 76 DBC
2 ENHANCEMENTS IN SIG Pj AND SIG- Pl Pj CHANNEL CROSS

1655 TQ 1677» TI MME RHA t76 H BC +
~ «» % \ ~ \»

VERAGE MEANINGLESS ( SCALE FACTOR = 1 0)

P I-P 2-2»2 BEV/C
K-P 1 51 BE V/C
K-Pg 0 I OTAL C ~ S
K-P 4 ~ 6-5 ~ GE VI C
MOR E DATA )
S IG ~ P I K-P 4 GEV
SIG»2PI K-P 4GEV
K- P 2 ~ 87 GEV/C
QUAS I 2 BODY CS
I~j TOTAL CS

K-N 1 6-1 75 GE V

SECTION S
K- P 4 ~ 2 6EV/C

7/68
1 0/69

5/70
5/70
4/75
4/75
2/77
2/77
2/77
2/77
2/77

51 Y+ I ( 1670 ) QUANTUH NUMB ER DE TE RMI NATI ON (PROD ~ EXP )

Ql JP= 3/2+ LE VE QUE 65 HBC I NTO Y+ ( 1405 )+P I 11/68
Q3 JP=3/2- EBERHARD 67 HSC + INTO Y&( 1405) PI ll/68Q4: 400 JP=3/2- BUTTCN-SH 68 HBC +- I NTO SIGZE RQ+PI 11/68

REFERENCES FOR Ysl' I ( 1670 ) I PROD ~ E XP )

ALEXANDE 62 CERN CONF 320 ALEXANDER JACOBS KALBFLEI SCH HILLER + (LRL) I
ALVAREZ 63 PRL 10 184 +ALSTGNg FERRO-I. U ZZ Ig HUW Eg + f LRL) I
SMITH 63 ATHENS CONF 67 G A SMITH (LRL)
HUWE 64 P R 1 80 1824( 1969) D 0 HUWE ( LRL)
EBERHARD 65 PRL 14 466 +SHI VELY s ROSS g SI EGAL g F I CENECs + (LRL s ILL ) I

W

W

W

W P 70
W

W

W 5
W

W

W AVERAG

51 Y+ j( 1670) MASS (ME V) ( PROD» E XP

( 45% 0) At EXANDER 6Z HBC -0
40% 0 10 ~ 0 AL VAR EZ 63 HBC +

(30 0) (15 0) BUGG 68 CNTR
(60. 1 (20 ~ ) PRIMER 68 HBC + K-P 4 ~ 6-5 ~ GEV/C
110~ 0 }2«0 AGUILAR 70 HBC SIG»PI K-P 4 GEV
1 35 ~ 0 g0% 0 30 ~ 0 AGUI LAR 70 HBC S IG ~ 2PI K P rGEV
67 ' 2«4 AP SELL 74 HBC K- P 2 ~ 87 GEV/C

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ~

I 52 ~ ) CARROLL 76 DPWA I=1 TOTAL CS
48 ~ TG 63. T IHHERHA 76 HBC + K- P 4% 2 GEV/C

~ ~ % ~ ~ ~ ~ ~ ~

E MEANINGLESS (SCALE FACTOR = 3.2)

11/66
7/68
5/70
5/70
4/75

2/77
2 /77

BI RHINGH 66 PR 15 2 1148
LONDON 66 P R 143 1034
BUGG 68 pR je8 1466
BUTTON-S 68 PRL 21 1123
PRIMER 68 PRL 20 610

BARNES 69 BNL 13823
EB ER HAR D 69 P RL 22 200
AGUI LAR 70 PRL 25 58

BIRMINGHAM GLASGOW I ~ C Y OXFOR D RUTHERFCiRD
+RAU s SAMI OSs YAHAHOTO g GOLDBERGg + ( BNL g SYRA ) IJ
+GILMOREgKNIGHTg DA VIES+ {BI RMsCAVE gRHEL) I
J BUTTON S HAF ER (MASA+LRL ) JP
+GOLDBERGg JAEGERs BARNES gDORNAN + (SYRAs BNL)

+CHUNG s EI S NE R s FI AMINI 0+ {BNL g SYRA)
+FR I EDMANg PRIP STEIN gROSS ( LRL}
+BARNES BASSANQ CHUNG E ISNER +{BNL SYRA)

APS EL L 74 P RD 10 1419 AP SELL g FORD s GGURE VI TCH+ ( BRANs UMDg SYRAg TUFT} I
BERTHON 74 NC 2 1A 146 BERTHON g TRISTRAM g+ {CDEF+RHEI +S ACL+ STR 8 )
ESTES 74 LBL-3827 (THESIS) R D ESTE S (LBL)

51 Y+I ( 1670) PARTIAL DECAY MODES ( PROD ~ EXP ~ )

CARROLL 76 P RL 37 806
HEPP1 76 NP 8115 82
TIHMERHA 76 NP 8112 77

+CHI ANG KYCI A LI MAZUR HI CHAEL+ ( BNL ) I
+BRAUN g GR I MM s STROB ELE r THOL+ ( CE RN s HEI 0 g MPI H) I
TIHHERMANS gENGEL EN+ I NI JH+CERN+AMST+GXF ) JP

PAPERS NOT REFERRED TO IN DATA CARDS

Pl
P2
P3
P4
P5
P6
P7

Y&1(1670)
Y&I (1670)
Y&j (1670)
Y&jt 1. 670}
Y+ I (1670)
Y&I( 1670)
Y& j(1670}

INTO KBAR N

INTO LAMBDA P I
I NTO SIGMA PI
I NTO LAMBDA P I PI
INTO S IGMA PI PI
I NTO Ysg I ( 1385), PI
INTO Y+0{ 1405) PI

DECAY MA SSE S
497+ 939

1115+ 139
1197+ 139
1115+ 139+ 1 39
1197+ 139+ 139
1384+ 139
1405+ 139

LEVEGUE
LEE
EB ER HARD
MILLER
EBERHARD
HUNGERBU

e5 pL 18 69
66 PRL 17 45
67 PR 163 14 r6
70 DUKE 229
73 P URDU E CONF ~

74 PRO 10 2051

+ ( SACLAYs EPOL s GLASGOWgL GICrOXF rRHEL} JP
Y Y LEEg D D REEDERg R W HARTUNG (l41 SC } JP
+PRI PSTEIN rSHI VELYg KRUSEs SWANSGN (LRLg ILL } I JP
0 H MILLER (RE VIEW TAt K) ( PURDUE)

247 EBERHARD (LBL ) I JP
HUNGERBUHLERgHAJKA s+ (YALEgFNALgBNL gPITT }
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Baryons
Z(18eo), Z(1V50)

Data Card Listings
For notation, see key at front of Listings.

H

M P
M P
H P
M N

bl N

M N

H N

H

H

M F
M S
M F
M S
M S

H

H P
W N

H

W

W F
H S

58 YJI' j ( 1690 JP= ) I 1 PRODUCTION EXP ERIMENTS

SEE THE HINI-REVUE AT THE START OF THE Y+ LISTINGS ~

SEE NOTE PRECEDING Y+ I( 1670} LI STINGS g SEEN IN PROe
EXP ERI MENTS GNLY g MAIN DECAY MODE IS LAM BDA P I e

58 Y+j(1690) WIDTH (MEV) (PROD ~ EXP ~ )

30 (100 ' 0}
60 ( 105 0)

(62 0)
15 ( 142 0)
46 ( 25 ~ 0)

(130 0)
70 {240 0}
40 {130 0}

SEE

(35 ~ 0 )
(35.0)
( 14.0 )
f 40.0 )
( 10 0)
( 25.0 )
(60.0)

( 100.0)
THE NQT

COLL EY 67 HB C +
PRI HER 68 HBC +
SIMS 68 HBC — SEE NOTE N ABOVE
ADERHQLZ 69 HBC + P I+P 8 GEV/C
BLUMENFEL e9 HBC +
MOTT 69 HBC +
GQDDARD 79 H BC + P I+P 10 ~ 3 CEV/C

(60 0) GODDARD 79 HBC + P I+P 10 3 GEV/C
ES ACCOMPANYING THE MASSES QUOTED

58 Y5g j ( 1690 ) MASS (MEV ) {PROD. EXP ~ )

30 (1715~ 0) ( 12 0 ) CGLLEY 67 HBC + K-P 6 GEV/C
60( 1694~ 0) 'l 24 0) PRI MER 68 HBC + K-P 4 ~ 6-5 CEV/C

SEE YPI'j(1670) LISTING-AGUILAR 70 WITH THREE TIMES THE DATA OF
PRI MER 68 SHOW T HAT THEY HAVE NO EV I DENC E FOR Yeg( 1690)

( j?CO 0} (6 0) SI HS 68 HBC — K-N TQ LAM PI P I
THIS ANALYS ISg WHICH IS DIFFICULT AND REQUIRES SEVERAl ASSUHPTIQNS
AND SHOWS NO UNAMBI GUQUS Y+j (1690) S!GNAL g SUGGESTS JP=51 2+ ~

SUCH A Y& WOULD LEAD ALL PREVIOUSLY KNOWN Y& TRAJECTORIES
15(1698' 0} (20 ' 0 ) ADER HOLZ 69 HBC + P I+P 8 GEV/C
46( 1682~ 0) (2 0) BLUMENFEL 69 HBC + KO LONG + PROTON

(1700~ 0& (20 0) MOTT e9 HBc + K-p 5.5 GEv/c
70{1698.0) (20 0) GGDDARD 79 HBC + P I+P 10 ~ 3 GEV/C
40(1707~ 0) {20 0) GODDARD 79 HBC + P I+P 10 ~ 3 GEV/C

FROM (LAMBDA PI+) K+ FINAL STATE» J&1/2 NOT REQUIRED BY DATA ~

F ROM (L AH BCA P I+) ( K P I )+ F INAL STATE ~ J& 1/ 2 INDICAT ED BUT LARGE
BACKGROUND PRECLUDE S DEF INI TE CONCLUSION

8/67
7/68

ll/68

12 /794
9/69
9/69

12/79+
12/794

8/67
7168

11/68
12/79+
9/69
9/69

12/79+
12/794

H

H

M

H 1
H

H 1
M A

H A

H B
M 8
M

H

H 3
H 4
H 4
H 4
H

H

M

H AV

57 Y&1( 1750) WIDTH ( ME V)

W ABOUT 50» 0
W AB(JUT 80 0
W ( 55 ~ 0) (10e 0)
H (50 )
H ( 100.0)
H (60. )
H (89. &

W 1 ( 92 ~ )
H (108 )
H A (140
W 8 ( 160. )
H (66 ~ )
W (110
W 3 (10.)
H 4 117 OR 119~

60 10 ~

W 161e 20
H ~ ~ e ~ e ~ ~ ~ ~

H A VERAGE HEANI NGLE SS ( SCALE

(20 ~ 0 )
(20 ~ )
(33.)

(7 ' )
(20» )
(30. )
(50. )
(14 ) 12 )

ME YER
ARMENTERG
CGNFQRTO
KIH
LANGBEIN
BAXTER
CHU
JONES
PR EVOST
BA ILLGN
BA ILLQN
VA NHORN
BELLEFGN
CARROLL
HARTIN
RL IC
AL STQN

FACTOR = 4» 5)

67 RVUE
70 HDBC —0
71 DPHA 0
71 DP WA

72 IPWA
73 DP'HA 0
74 DBC
74 HBC 0
74 DP WA 0-
75 I P WA

75 I PWA
75 DPHA 0
76 IPWA 0
76 DPWA
77 DP HA

77 DPHA
78 DPWA

K-N TG LAMBDA P I
ELAST ICg CH EXCH
K-MATRIX ANAL
HULTI CHANNEL
K- p To NEUTRALs
F IT SIG — ETA CS
F IT 5 IG+ETA C S
K-N TG S (1385)P I
KBAR N TO LAM PI
K BAR N TQ LAM P I
K- P TO LAM P I 0
K- P TQ LA M PI
I =1 TOTAL CS
KBAR N MU(. TI CHNL
K BAR N MUL TI CHNL
KBAR N ELASTIC

(1790 0) (15 0) LANGBEIN 72 I P'HA MULTICHANNEL
(1716» ) (10 ) BAXTER 73 DPWA 0 K- P TO NEUTRALS
( 1785~ ) ( 12e ) CHU 74 DBC — F IT S IG — ETA CS
(1760 ) (5 ) JONES 74 HBC 0 F IT SIGO ETA CS
f 1739» ) ( 10~ ) PREVGST 74 DPHA 0 — K-N TO S(1385)P I

S-WA V E BW F IT TQ THRSHLD C S NQ BKGND ERRORS STAT I STI CAL ONLY
(1780~ } (30 ~ ) BAILLGN 75 IPWA KBAR N TQ LAM PI

FROH SOLUTION 1 OF BAILLON 75 ~

(1700~ ) (30.) BA ILLON 75 IPHA KBAR N TG LAM PI
FRO}{ SOLUTION 2 OF BAILLON 75.

{1697 ) ( 20 ) ( 10, ) VANHGRN 75 DPHA 0 K- P TQ LAM P IO
(1730.) BELL EFON 76 IP WA 0 K- P TO LA H PI
1715 I. O ~ CARROLL 76 DPWA I =1 TOTAL CS
1800 OR 1813» MARTIN 77 DP 'HA KBAR N. MULTI CHNL

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACT ION OF RESONANCE
PARAMETERS FROM THE T-MATRI X POLE AND FROM A 8-H FIT g RESPECTIVELY

1770 ~ 15 ~ RL IC 77 DP WA KBAR N MULTI CHNL
1770 10 ALSTON 78 DPHA KBAR N ELASTIC
e ~ ~ e e ~ ~ ~ e

ERAGE MEANINGLESS (SCALE FACTOR ~ 3.0)

12/72
10/74
10/74

1/74
10/74
1/74

11/75
11/75
1176
1/76

11/75
2/77
2/77

11/77

1 /76
1/78

9/69
6/70
6/70
3/71

12/72
10/74
10/74
1/74

10/74
11/75

1 /76
11/75

2/77 .
2/77

11/77
1/76
1/78

58 Y+ I( 1690) PARTIAL DECAY MODES (PROD EXP )
57 Y5&: I ( j?50) PARTIAL DECAY HGDE S

Pl
P2
P3
P4
P5

Y&j ( 1690) INTO KBAR N

Y&j(1690) INTO LAMBDA PI
Y&I (1690) I NTO SI GHA PI
Y&l( 1690) INTO Ygl' I( 1385) P I
Y&1{1690) INTO LAMBDA PI PI ( INCLUDING P4)

DEC AY H ASS ES
497+ 939

1115+ 139
1197+ 139
1384+ 139
1115+ 139+ 139

Pl
P2
P3
P4
P5
P6

Y&j (1750)
Y41(1750)
Y&l (1750)
Y+I (1750)
Y~ I (1750)
Y+I (1750)

I NTG KBAR N

I NTO SIGMA ETA
I NTQ LAMB DA P I
INTO SIGHA PI
INTO SIGMA( 1385) PI
INTO LAMBDA(1520) PI

DEC AY HA SSES
497+ 939

1197+ 548
1115+ 134
1197+ 139
139+1384
139+1518

R2
R2
R2
R2

YAI( 1690) I NTQ ( SIGMA PI) /(LAMBDA PI)
0 3 0 3 COLL EY

(0, 4) GR l. ESS CL= ~ 90 MOTT
SMALL GGDDARD

(P3) /(P2 )
67 HBC + 4/30 EVENTS 8/67
69 HBC + &/69
79 HBC + P I+P 10 2 GEV/C 12/79+

R3
R3

Y& 1( 1690) I NTO ( YJIg I (1385) PI ) /(LAMBDA PI j (P4) / (P2 )
(0 ~ 5) OR LESS HQTT 69 HBC + 9169

Y+I ( 1690& I NTQ
0, 5
2»0

R4
R4
R4
R4
R4 AVG
R4 STUDENT

~ ~ ~ e ~ ~

0 ' 72
0 ~ 67

(LAMBDA P I P I ) /(LAMBDA PI } {P5&/(P2)
0 ~ 25 CQLLEY 67 HBC + 15/30 EVENTS
0 6 BLUMENFEL 69 HBC + 31/15 EVENTS
~ ~ ~

0 53 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 3&
0 ~ 28 AVERAGE USI NG STUDENT10{H/1 ~ 11) —— SEE MAIN TEXT

8/67
9/69

R5
R5
R5

Y& I {1690& INTO ( Yggj (1385 } PI ) /(LAMBDA P I PI } ( P4) /(P5)
SMALL COLLEY 67 HBC +
LARGE SIMS 68 HBC — K-N TQ L2P I

8/67
11/68

CGLLEY 67 P l 248 489
DERR ICK 67 PRL 18 266

REPLACED BY MOTT 69.
PR IM ER 68 PRL 20 610
S IMS 68 PRL 21 1413

ADERHQLZ 69 NP 8 11 259
BLUMENFE 69 PL 298 58
MOTT 69 PR 177 1966

REFERENCES FOR Y&I ( I 690} ( PROD EXP )

(8 IRMg GLASg LGICgMUNICH»OXFORDg Rl EL ) I
+FIELD Sg LQKENg AMMARg (ARGGNNEgNQRTHWEST) I

+GOLDBERG g JAEGERg BARNES 5 + ( SYRACL! S E g BNL ) I
+ALBRIGHTg + {FSUgTUFTSg BRANDEIS) I

+BARTSCHg SCHULTE+ {AACH+ BERt +CE RN+CRAC+W ARS ) I
8 J Bt UMENFELDg G R KALBFLEISCH {BNL) I
+AMMARg DAVIS 5 KRGPACg +(NORTHWEST 5 ARGQNNE)

58 Y&j( 1690} BRANCHING RATIOS ( PROD, EXP. )

Rl Y&I( 1690) INTO (KBAR N} /( LAMBDA P I & (P1) l(P2)
Rl 18 0 4 0 25 CQLLEY 67 HBC + 6/30 EVENTS 8/67
Rl (0~ 2) GR LESS HQTT 69 HBC + 9/69
Rl SMALL GODDARD 79 HBC ' + P I+P 10 ~ 2 GEV/C 12/79+

Rl
Rl
Rl
Rl
Rl
Rl
RI
Rl
Rl
Rl

57 Y& 1( 1750) BRANCHING RATIOS

Y&j(l?50} I
{0 12
(0 8}
(0 45

3 TOTAL CRQS
4 ( 06

15
~ 33

NTQ ( KBAR N) /TOT AL
) (0 ~ 05)

) (0 05)
S SECTION BUHP WITH
)QR ~ 05

~ 03
~ 05

CONF GRTG 71
KIH 71
LANGBE IN 72
( J+1/2) X= ~ 30
HART IN 77
RLIC 77
ALSTGN 78

~ e ~ e e ~ » ~ e

AV'ERAGE MEANINGLESS ( SCALE FACTOR = 3 1)

(Pl)
DPHA 0 ELASTIC g CH EXCH
DP HA K-MATR I X A NA L e

I PWA MULTICHANNEL
SEEN BY CARROLL 76

DP HA K BAR N MULTI CHNL
DP WA KBAR N HULT ICHNL
DPHA KBAR N ELASTIC

6/70
3/71

12/72
2/77

11/77
I /76
1 /78

R2 Y+j( j?50) FROM KBAR N INTO SIGMA ETA S QRT ( P 1+P2 )
R2 SEEN CL INE 69 DBC — THRE SHOL D BUMP 9/69
R2 1 ( ~ 23& ( ~ 01) JONES 74 HBC 0 F IT 5 I G+ ETA CS 1/74

R3 YAj (
R3 2
R3 2 PUBL
R3
R3
R3

R3 A

R3 8
R3
R3
R3 4
R3

1750) FROM
(-0 25)

IS HED S I GN

(0 ~ 09 )
(0 ~ 30){-.28 )
(—e 120){- 12)(- ~ 13 )(- ~ 13 }(- 12)(- ~ 10 }OR(.04)

KBAR N INTO LAHBDA P I
AR ME NTE RO 70

CHANGED TQ AGREE WITH LUND 1
KIM 71

(0» 05) LA NGBE IN 72
( ~ 05) BA XTER 73(.077) DEVENISH 74
{ .02) BA ILLQN 75
( ~ 03) BAIL LQN 75
( ~ 04) VA NHGRN 75

BELL EFON 76
MART IN 77
RLIC 77

—~ 09
( ~ 03}

SQRT(Pj+P3)
IPHA -0 K-N TQ LAMBDA P I

969 CONVENTION (SEE TEXT)
DP HA K-HATR I X ANAL ~

I PWA MULTI CHANNEL
DPWA 0 K- P TO NEUTRALS

0 FIXED T DISP REL
K BAR N TG LAM P I
K BAR N TQ LAH PI

0 K- P TG LAM PIO
0 K- P TO LAH PI

KBAR N MULTI CHNL
KBAR N MUL 7 I CHNL

6/70
10/74
3/71

12/72
10/74
4/75 '

11/75
1/76

11/75
2/77

11/77
1/76

R4
R4
R4
R4 4
R4

Y+ 1( 17 50) F ROM KBAR N TO SIGMA PI
(D. le & KI M

(0» 13) (0 02) LANGBE IN
{+~ 06)GR + 06 MARTIN
—,09 ~ 05 RL IC

SQRT (Pl+P4)
71 DP HA K-MATRI X ANAL» 3/71
72 IPHA MULTICHANNEL 12/72
77 DPHA KBAR N MULTI CHNL 11/77
77 DPHA KBAR N MULTICHNL 1/76

R5 Y&j{1750} FROM KBAR N TCI SIGMA( 1385) PI SQRT {Pl+ P4)
R5 + 18 ~ 15 PREVOST 74 DPWA 0- K-N TO S( 1385) P I 10174

GQDDARD 79 PR D19 1350

AGUILAR 70 PRL 25 58
CCQPER 70 NP B23 605

+KEYg LUST Eg PRENT ICEg YGONg GORDON+ (TNTG+ BNL } I 5 J

PAPERS NOT REFERRED TG IN DATA CARDS

AGUI LAR BENI TE Z 5 BARNE S 5 BASSANO+ ( BNL+S YRA )
+MANNERg MUSGRAVEg POLLARDgVQYVQDIC (ANL) I

R6 Y&j (1750) FROM KBAR N TO LAMBDA{ 1520) P I SQRT(P I+P6)
R6 5 ~ 032 ~ 021 CAMERON 77 DP WA 0 P-HAVE DEC AY
R6 5 ASSUMES LAHBDA{ 1520} ELASTICITY= 46

REFERENCES FOR Y+I ( I?50)

1/78
1/78

Z(1750) 57 Yel(1750 JP=1/2 —) 1=1

THERE IS EVIDENCE FOR THIS STATE IN MANY PARTIAL-
WAVE ANALYSES g BUT WITH RATHER WIDE VARI ATIONS IN
THE HASSg WIDTH AND COUPLING S ~ THE LATE ST ANALYSES

INDICATED SIGNIFICANT COUP( INGS TQ KBAR N AND LAMBDA PI AS WELL AS
SIGMA ETA WHQ SE THRESHOLD I S NEARBY AT 1?46 MEV ( JONES 74)

57 Y+j(1750) MASS (MEV)

CL INE
MEYER
ARHENTER
CG NF ORT 0
KIH

ALS C!

LANGBEIN

67 PL 258 41
67 HEIDELBERG C

70 DUK E 123
71 NP 834 41
71 P RL 27 356
70 DuKE lel
72 NP 847 477

BAXT ER 73 NP 867 125
CHU 74 NC 20A 35
JONES 74 NP B73 141
DE VENI SH 74 NP 881 330
PREVOST 74 NP 869 246

CL INEg QLSSGN (WISCONSIN) I JP
117 J HEYER ( RA PPQRTEUR) {SACLAY ) I JP

ARMENTERQSg BAILLONg + (CERNg HE IDEL) I JP
+LEV I SETT Ig LASINSKI ~ .QBERLACK++ ( EF I+HEID) I JP
J K KIH (HARV & I JP
J K. KIM (HARV) I JP
+WAGNER ( MPIH) I JP

BAXTER gBUCKINGHAMg CQRBE TTgDUNN g+ (OXFORD j I JP
CHUg BARTLEY g+ (SUNY PLATTS BURGH+TUFTS+BRAN ) I JP
JONE S {U CHICAGO) I JP
DEV ENI SHg FRGGGATTg MART IN ( DE SYg NORD I TA g LCIUC )
PREVGSTg BARLOUTAUD g+ {S ACL+C ERN+HE I 0 }

NEAR SIGMA ETA THRESHOLD
ABOUT 1750. 0
ABOUT 1730 0

(1757 0& (10.0 )
(1790. &

CL INE 67
MEY ER 67
ARHE NTE RG 70
CONFQRTO 71
KI M 71

DBC — K —N TQ SIGMA E TA 9/66
RVUE 9/69
HDBC —0 K-N TO LAMBDA PI 6/70
DPHA 0 ELASTICg CH EXCH 6/70
DP WA K-HAT RIX ANAL ~ 3/71

BAI LLCN 75 NP 894 39
VA NHGRN 75 NP 887 145

ALSO 75 NP 887 157

P BAILLQN P. J ~ LITCHF IELD
A J ~ VAN HORN
A e J ~ VAN HORN

( CERN g RhEL ) I JP
(LBL) I JP
( LBL) I JP
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Data Card Listings
For notation, see key at front of Listings.

Baryons
E(1750), Z(1765)

BELL EFON 76 NP B109 129
CA RROLL 76 P RL 37 806

DE BELLEFONgBERTHQN
+CHIANGi KYCI At L I ~ MAZURiMICHAEL+

(CDEF) I JP
( BNL ) I 45 Ys'1{1765) PARTIAL DECAY MODES

CA HERON 77 NP 8131 399
MARTI N 77 NP 8127 349

AL SO 77 NP 8 126 266
ALSO 77 NP 8126 285

RL IC 77 NP B 119 362

AL STQN 78 P R D18 182
AL SO 77 P RL 38 1007

+FRANEKt GOPALg KALMUS ~ MCPHERSON+
MART IN w P I OCQC Kt MOO RHOUS E
MART I Ng PIDCOCK
MART INt PIOCOCK
GOPALg ROSS g VAN HORNe MCPHERSQN+

{RHEL+LQIC ) I JP
{LOU C+GLA S ) I JP

( LGUC )
( LOUC) I JP

{LOI C+RHEL ) I J P

+K ENNEY g PO LL AR D p ROSS +
ALSTON-GARNJOSTg KENNEY

(L BL+MTHQ+C ERN ) I J P
( L BL+MTHQ+C ERN ) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

Pl
P2
P3
P4
P5
P6
P7

Ys'1( 1765)
Ys'1 (1765)
Y&1{1765)
Y+1(1765 l
Ys 1(1765)
Y&1(1765)
Y+1(1765)

I NTO K BAR N

INTO LAMBDA P I
I NTO Ys'0( 1520) PI
INTO Ys'1( 1385) P I 0-WAVE
I NTO SI GMA PI
I NTO SI GM A ETA
INTO SIGMA PI PI

DECAY HASSES
497+ 939

1115+ 134
1518+ 139

139+1384
1197+ 139
1197+ 548
1197+ 139+ 139

45 Y&1( 1765 ~ JP=5/2-) I =1Z 15

FERRO-LU 66 BERKELEY CONF 183 M FERRO LUZZ I (RAPPORTEUR ) ( CERN)
ARMENTER 68 NP BB 183 ARMENTERQS p BAILLQNg + (CERN' HEI DELg SACLAY) IJP
ARMENTER 69 LUND CONF PAPER ARMENTEROSr BAILLQNi + (CERNyHEIDELq SACLAY) I JP
HARRI SON 70 F SU-HEP 70 3 1 W ~ C ~ HARRI SON (THESIS) ( FSU)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where

6P. = ~& '6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-7 4 I I/ » W 1

cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P. , see the listings
1 j

above; only those P. appearing in the matrix are assumed in the fit to be nonzero and
1

are thus constrained to acid to i.
SEE THE HI NI-REVIEW AT THE START OF THE Ys' L IST INGS ~

45 Ys'1( 1765 ) MASS {MEV )

P 2P 1
P 1 ~ 4133+- ~ 0138
P 2 —~ 051 0 1400+- 0
P 3 —.3873 —.0146
P 4 —~ 2953 ~ 0151
P 5 — 1125 ~ 0057
P 6 ~ 0836 — 3500

P 3 P 4 P 5 P 6

130
1929+ 033 1

~ 1 141 ~ 0859+- ~ 0090
~ 0434 ~ 0332 ~ 0145+- 0044

8 4 16 —~ 2 63 8 —~ 1 350 ~ 1 534+- ~ 0342

M

M

M

H N

H N

M

M

M

H N

M

Ivl

M

M N

M

M

M 1
H 1
M 1
M

M

M N

M

M AV

1765 0 10 0 GALTIERI 63 DBC 0 K-D 1 ~ 51 BEV/C
1755 ~ 0 10 0 ARMENTER 65 HBC 0 K-P TO Ys'1520 PI
1760 ~ 0 10 0 BELL 1 ee DBC — K-N T 0 Ys'1 520 P I
1 768 ~ 0 2 0 ARMENT-1 68 DPHA 0 ELASTIC ~ CH EXCH
1 768. 0 4.0 BUGG 68 CNTR K-Py D TOTAL
1775 0 7 ~ 0 SMART 68 RVUE -0 K-N TQ LAHBDA PI
1770 ~ 0 10 ~ 0 COOL 70 CNTR K-P q 0 TOTAL
1 765 ~ 0 10 ~ 0 GALTIERI 70 DPWA 0 K-P TO LAMBDA P I
1770 ~ 0 3»0 CQNFORTO 71 DPWA 0 F LASTICy CH EXCH

(1765~ ) KIH 71 DPHA K-MATRIX ANAL»
1758 7 3 ~ 9 BARLETTA 72 OPIA 0 KPPI 0 8-1 2GEV
1765 ~ 0 9 ~ 0 KANE 72 DPWA 0 K-P TO PI SIG
1 770» 0 5.0 LANGBEIN 72 I P'HA MULTICHANNEL
1775 10 ' BAILLON 75 IPWA KBAR N TG LAM PI
1774 ~ 10 VANHORN 75 DPWA 0 K- P TO LAM PIO

( 1765 ~ l BELLEFDN 76 I PHA 0 K- P TO LAH PI
1 772 OR 1777 HARTIN 77 DPWA KBAR N MULTICHNL

THE TWO ENTRIES FOR HARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
PARAMETERS FROM THE T-MATR I X PGLE AND FROM A 8-W F IT g RE SPECT I VELY ~

1 774 ~ 5 ~ FLIC 77 DP WA KBAR N MULTICHNL
1777 5 ~ ALSTON 78 DPHA KBAR N ELASTIC

ERROR STATIST ONLY- NQ ERROR DUE TO PARTICULAR P ~ W ~ ANAL. I NCLUDED
~ ~ ~ ~ ~ ~ ~ » ~

ERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

7/66
7/66

11 /68
11/66
7/68

10/70
7/70
6/70
3/71

12/72
10/7 1
12/72
11/ 75
11/75
2/77

11/77

1/76
1/78
1/71

45 Ys'1( 1765) BRANCHING RATIOS

ERRORS QUOTED BY EXPERIMENT ERS DQ NOT INCLUDE UNCERTA INTY DUE

TO PARAMETRIZATION USED I N THE P ~ W ~ A ~ THEY SHOULD BE I NCREAS ED ~

Rl Ysl{
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl 1
Rl
Rl
Rl
Rl AVG
Rl STUDENT
Rl F IT

0 ~ 02

1 765) I NTQ {KBAR NI /TQT AL (Pl)
(D.e ) GALTIERI 63 HBC 0 K-P RVUE

0 ~ 53 0»09 UHI IG e7 HBc 0
0 ~ 45 0 ~ 01 ARHENT-I 68 OP'HA 0 ELASTIC' CH EXCH

(0 37) BUGG 68 CN TR

0 ~ 36 BRICMAN1 70 DPWA SIGTOTe ELASeCHEX
(0 ~ 4) COOL 70 CNTR K Pt D TOTAL
0»36 0 ~ 02 CONFORTO 71 DPHA 0 ELASTIC' CH EXCH

(0 42) KIH 71 DPHA K-MATRIX ANAL ~

0»39 0 01 LANGBE IN 72 I P WA MULTICHANNEL(.37)OR .36 MART IN 77 DPWA KBAR N MULTICHNL
~ 03 RLIC 77 DP HA K BAR N MUL T I CHNL

.37 03 ALSTQN 78 DPWA KBAR N ELASTIC

0 407 0 ~ 016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ~ 6)
0 3930 0 ~ 0093 AVERAGE USING STUDENT 10(H/1 1 1) -- SEE MAIN

0 ~ 413 0 ~ Ol4 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 2 ~ 4 )

( SE E IDEOGRAM BELOW )

9/66
11/68
11/66

1/71
10/70
6/70
3/71

12/72
11/77
1/76
1 /78

TEXT

W

H

W

W

W

W

H

H

W

H

H

W

H

W

H

W

H

H

W

H

60 0
70. 0

128 ~ 0
}.10~ 0
146 ~ 0

(100 0)
115» 0
132 ~ 0

(100 ~ )
1C7. 2
120 ~ 0
123 ~ 0
125.
146 ~

( 120. )
102. 0
130~

1 16.
~ » ~ ~

A VG 117~ 4
STUDENT 120 ' 4

45 Y4'1 (1765) W I DTH (MEV )

10 ' 0
20 ~ 0

8 ~ 0
7 0
9 ~ 0

10~ 0
10 ~ 0

10» 9
38 ~ 0
10.0
15~

18»

R 103»
10 '
10~

GA LT I ER I
BELL 2
ARME NT-1
BU GG
SMART
COOL
GALTIERI
CONF ORTQ
KIM
BARLETTA
KANE
LANGBE IN
BA I LLQN
VANHQRN
BELLEF QN
MARTIN
RL IC
AL STON

63 DBC 0
66 DBC
68 DPWA 0
68 CN TR
68 RVUE -0
70 CNTR
70 DPWA 0
71 DPHA 0
71 DP WA

72 DPWA 0
72 DPWA 0
72 IP HA

75 I PWA
75 DPWA 0
76 I PHA 0
77 DP WA

77 DP HA

78 DPHA

ELASTIC' Cl- EXCH
K-P t D TOTAL

K-P g D TOTAL
K-P TQ LAMBDA P I
ELASTIC' Cl- EXCH
K-MATRI X ANAL ~

LAM(1520 ) P I CH ~

K-P TO PI SIG
MULTICHANNEL
K BAR N TQ LAM P I
K- P TQ LAM P I 0
K — P TO LAH P I
KBAR N HULTICHNL
KBAR N MULTI CHNL
K BAR N ELAST IC

7/ 66
11/e8

7/68
7/68

10/7 0
7/70
6/70
3/71

12/72
10/71
}.2/72
1 1 /75
11/75
2/77

11/77
1/76
1/78

6 ?
3 7
(SE

LIEIGHTED A VERA&E = 117 .4 + 6.2
ERROR SCI:ILED BY 2.2

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 ~ 2)
AVERAGE USI NG STUDENT10(H/1»l 1) -- SEE HAIN TEXT

E IDEOGRAM BELOW )

Values above of weighted average,
error, and sca.le factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 5x,
and scale factor, which are differ-
ent fr om the value s shown he r e.

ALSTON
RLIC
LAN&BEIN
CONFORTO

. BRICMAN1

.ARMENT-1
UHLIG

7B DPLlA

77 D PEA

72 IPLIA
71 OPIA
70 OPSIA

6B DPIJA
67 HBC

CHISQ
1.5
0.0
2.9
5.5
5.5

1B .4

LIEIGHTED AUERA6E = 0 .407 + 0 .016
ERROR SCALED BY 2.6

0 50 100 150
Y&1 ( 1765) LJIDTH ( MEV )

7B OPSIA

77 OPIA
75 OPIA
75 IPIJA
72 IP)JA
72 OPIA
72 OPSIA

71 OPSIA

70 OPIA
6e RVUE
6B CNTR
6e op@A
66 DBC
63 OBC

200 250

. ALSTON
RLIC
VANHORN

BAILLON
LANGBEIN
KANE

ARLETTI:I
ONFORTO
ALTIERI
MART

U&6
RMENT-1
ELl 2
I:ILTIERI

CHISQ
0 ~ 0
1.6
2.5
0.3
0.3

0.9
2.1
0.1

10.1
1.1
1.7
5 ~ 6

33.0
59.3

CONLEV
=0.000)

0.2 0.4 0.6

Y1 (1765) INTO (KBAR N) iTOTAL

O. B

34.0
(CONLEU
.=0.000)

Ys'j(1765) FROM
-0 ' 266
-0» 22
(0 ~ 30 l

0 ' 15
-»259
—~ 25

28(- ~ 30)(- ~ 29 )OR
-» 28

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2 1
R2
R2
R2 A VG MOD

R2 STUDENT
R2 F IT

0 ~ 251
0» 253
0.241

KBAR N

0 017
0 ~ 03

0 04
~ 048.02
~ 04

—~ 28
~ 03

0 ~ 013
0»012
0 ' 012

INTO LAMBDA PI
SMART
GA LT I E RI
KI M

LANG BE IN
DE VENI SH
BA ILLON

~ 05 VANHQRN
BELLEFON
MARTIN
RL IC

68
70
71
72
74
75
75
76
77
77

DPWA
DPWA
DP WA

IP WA

I PWA
DPWA
IPWA
DP 'HA

DPWA

SQR T {P 14' P2 )-0 K-N TO LAMBDA P I
0 K-P TO LAMBDA P I

K-HATRIX ANAL
MULTICHANNE(

0 F IXED T DI SP REL
KBAR N TO LAM PI

0 K — P TO LAH P IO
0 K- P TO LAM PI

K BAR N HULTI CHNL
K BAR N HULTICHNL

7/68
7/70
3/71

12/72
4/75

11/75
11/75
2/77

11/77
1/76

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 3)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT

FROM F IT ( ERROR INCLUDE S SCALE FACTOR OF }.»3)

R3 Y&1( 1765) FROM KBAR N INTO Y&0( 1520l PI SQRT (Pls'P3 )
R3 0»27 0 ~ 03 ARHENT ERO 65 HBC 0 K-P TO Ys'1520 P I 9/ ee
R3 0» 31 0» 02 BARLETTA 72 DPWA 0 K-P TO Ys'1520 P I 12/72
R3 2 -0 ~ 305»010 CAHERON 77 DP WA 0 K-P TO L (1520)PI 1/78
R3 2 LI STED RATE COMBINES P- AND F-WAVE DECAYS AND ASSUMES LAHBDA( 1520) 1/78
R3 2 ELASTICITY= ~ 46 ~ THE CAHERGN 77 RESULTS FOR THE SEPARATE P- AND 1/78
R3 2 F WAVE DECAYS ARE 0 ~ 303+/ ~ 010 AND 0 ~ 037+/ 01 4y RE SPEC TI VE LY ~ 1 2/79+
R3 2 THE SIGNS ARE CHANGED HERE TO BE I N ACCORD H I TH THE BARYON-F IRST 12/79s'
R3 2 CONV ENT ION ~ 12/794
R3 ~ ~ ~ ~ ~ ~ ~ ~ ~

R3 A VG MOD 0 ~ 3031 0 ~ 0086 AVERAGE ( ERROR INCLUDE S SCALE FACTOR OF 1 0 )
R3 STUDENT 0»3033 0 ~ 0093 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT
R3 FIT 0 ~ 282 0 ~ 023 FROM FIT (ERROR INCLUDES SCAL E FACTOR OF 2 ~ 9)
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S260 Particle Data Group: Review of particle properties

Qzryons
Z(1765), Z(1770), Z(1840)

Data Card Listings
For notation, see key at front of Listings.

Y+1 (1765) FROM KBAR N TG Y+ j(1385) PI D-WAVE SQRT(P I+P4)
(0.24) ( 0. 03) ARMENT-2 67 HBC 0 K-P TO LAM P I P I
(0.32 ) (0 06) S!MS 68 DBC — K—N TO LAM PI PI

SI MS 68 USES ONLY CROSS —SECT DATA ~ RESUL) USED AS UPPER LIMIT ONLY
+. 20 ~ 02 PRE VOST 74 DP WA 0- K-N TO S (1385 ) P I
—~ 184 ~ 0 11 CAMERON 78 DP WA 0 K-P TO S( 1385) P I

CAMERON 78 UPPER LI MI T ON G-WAVE DECAY IS ~ 03

R4
R4 A

R4 S
R4 S
R4
R4 2
R4 2
R4
R4
R4
R4

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG MOD 0 ~ 1877 0 ~ 0096 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 01
STUDENT 0 ~ 188 0 011 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN T
F IT 0 ~ 1884 0 0094 FROM F IT ( ERROR INCLUDE S SCALE FACTOR 0(' I ~ 0)

8/67
1 1/68
3/ 72

10/74
1 /78
1/78

EXT

100 Y41( 1770) WIDTH (MEV)

(80. )

80 '
72.

72 DP WA

75 I P WA

77 DPWA

100 YA j( 1770) PARTIAL DECAY MODE S

W KA NE
1 30 ~ BA ILLON

10 RL IC
W ~ ~ ~ ~ 4 ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR ~ 1 0)

K-P TG S IGMA PI 11/77
KBAR N TO PI LAM 11/75
K BAR N MULT ICHNL 1/76

Y& j(1765) FROM K

+0 ~ 07
+0. 06
(0 09)
+0. 074

0 09 OR
(+ 08 )OR +
+. 13

BAR N

0 02
0 03

R5
R5
R5
R5
R5
R5
R5 1
R5
R5
R5 AVG
R5 STUDENT
R5 FIT

0 ' 017
LESS
~ 08

~ 02
~ ~ ~ ~ 1 ~ 0 0 ~

0 ~ 086 0 cO 15
0 ~ 082 0 ~ 013
0 077 0 012

I NTO S I GMA PI SQRT (Pj+P5)
ARMFNTERQ 67 DPWA 0 K —P TO SIGMA PI
GALTIERI 70 DPWA 0 K-P TO SIGMA PI
KI M 71 DP WA K-MATRI X ANAL ~

KANE 72 DPWA 0 K —P TO PI SIG
LANGBE IN 72 IP WA MULT ICHANNEL
MARTIN 77 DP WA KBAR N MULTICHiVL
RLIC 77 DPWA K BAR N MULTICHNL

10/7 4
7/70
3/7 1

10/71
12/72
11/77

I/76

AVERAGF ( ERROR INCLUDE S SCALE FACTOR OF 1 5)
AVERAGE USING STUDENT10(H/1 11) —— SEE MAIN TEXT

FROM F IT ( ERROR INCL UDE S SCALE FACTOR OF 1 ~ 1)

Pl
P2
P3

YA I (1770) INTO KBAR N
Ycl 1( 1770) I NTO LAMBDA P I
Y& I (1770) INTO SIGMA PI

DECAY MASSES
497+ 939

1115+ 139
1197+ 139

100 YP 1(1770) BRANCHING RAT IOS

Rl Y41(1770) FROM KBAR N INTO LAMBDA PI SQRT ( P jcI'P2)
Rl 1 —~ 08 ~ 02 BAILLCN 75 I PWA K BAR N TO Pl LAM 11/75
Rl LESS THAN ~ 04 RL I C 77 DPWA KBAR N HULTICHNL 1/76

INTO (
33

~ ~ ~

339

R7
R7
R7
R7 F IT

Y+I( 1765) I NTO (
0 28

0.
~ ~ ~

467

R6 YAj(1765)
R6 0 ~

R6 ~ ~ ~

R6 F IT 0

LAMBDA PI)/(KBAR N) (P2) /(Pl)
0 ~ 05 UHL IG 67 HBC 0 K-P g ~ 9 GEV/C
~ ~ ~

0 ~ 034 FROM F IT ( ERROR INCLUDE S SCALE FACTOR OF 1 3)

YAO ( 1520) PI ) /( KBAR N) (P3)/(Pl)
0 05 UHL IG 67 HBC 0 K-P g ~ 9 GEV/C
~ ~ e

0 087 FROM F IT ( ERROR INCLUDE S SCALE FACTOR Cf- 3 ~ 2 )

9/66

9/66

R2
R2

R3
83
R3

YOj(1770) INTO (KBAR N) /TOTAL
~ 14 ~ 04 RL IC

Y4 I ( I 770) FROM KBAR N INTO SIGMA PI(-.108) KA NE
LE SS THAN 04 RL IC

(Pl )

77 DP WA KBAR N HULTICHNL
I/ 76
1/76

S QR T ( P 1 clc P3 ) 1/76
72 DPWA K —P TO SIGMA PI 11/77
77 DPWA K BAR N MULT ICHNL 1/76

RB Y&j(1765)
RB 0 ~

RB ~ ~ ~

RB F IT 0.

I NTO (
25

~ ~ ~

208

Y& I (1385)PI ) /( KBAR Ic') (P4)/(Pl)
0 ' 09 UHLIG 67 HBC 0 K-P g ~ 9 GEV/C
~ ~ 0

0 ~ 025 FROM F IT ( ERROR I NCL UDE S SCALE FACTOR OF 1 2 )

9 /66
KAIcE 72 PR D5 1583
BA ILLON 75 NP B94 39
RL IC 77 NP B119 362

REFERENCES FOR Y+1 (1770)

D F KANE ( LBL)
P. BAI LLON ~ P. J. L ITCHF I ELD ( C ERNg RI-EL ) I JP
GQPAL gROSS g VAN HORNg MCPHERSON+ (LOI C+RHEL) I JP

R9
R9
R9
R9
R9
R9

Y&1(1765) INTO ( SI{ MA PI PI ) /TOTAL (P7)
P (0.12) ARMENT-2 68 HDBC —0 K-N TO SIG PI P I
P F QR ABOUT 3/4 OF THIS g THE S IGI'IA P I SYSTEM HAS 1=0 AND IS ALMOST
P ENTIRELY Y'KO( 1520) FOR THE OTHER 1/4 ~ THE SI GMA PI HAS I=1 THIS
P I S ABOUT WHAT IS EXPECTED FROM THE KNOWN RATE Y~ 1( 176'5) TG Y+ I (13851
P PI g AS SEEN IN LAMBDA PI PI

11/68

01 Y+ 1( 1840 g J P=3/2+) I =l

REFERENCES FQR Y&j(1765)
SEE THE MINI-REVIEWS PRECEDING THE Y&0gS.

FOR THE T I ME 8 EIiVGg WE L I ST ALL R ESONANC E CLA IMS IN THE
P 13 WA VE IN THE 1 700-1 900 HE V MASS REGION TOGE THE R UNDER THI S HEADIIIIG

GALT I ER I
ARMENTE R
BELL 1
BELL 2
ARMENTER
AR MENT-2
UHLI G

ARMENT-1
AR MENT-2
BUGG
SI MS

SMART

68 NP 88 195
68 NP BB 216
68 P R 168 1466
68 P RL 21 1413
68 PR 169 1330

63 PL 6 ?96
65 PL 19 338
66 P RL 16 203
66 UCRL-16936 THESIS
67 PL 248 198
67 Z E IT PHYS 202 486
67 PR 155 1448

A BARBARO-GALT IER Ig A HU SSAIN g RO TR IPP ( LRL )
ARMENTEROS g + (CERN ~ HEIDELBERGg SACLAY)
R 8 BELLg R W BIRGEg Y—L PANg R T PU (LRL)
R 8 BELL ( LRI. )
ARMENTEROSgFERRO-LUZZI+ {CFRNgHE IDg SACLAY I
ARMENT EROSg FERRO —LUZZ I+ (CERN gHEI Dg SAC LAY)
+CHARLTONgCCNDONgGLASSERg YODHg + (UMDg NRL )

ARMENTEROSg BAILLONg + (CERNgHEIDELg SACLAY)
ARMENTFROSg BAILLONg + (CERN, HEIDELgSACLAY)
+G IL MORE g KNI GHTg DA VI E S+ ( BI R. l g CAVE g R

HEI�

)
SI MS ~ ALBRI GHT g BART LEY g MEER+ (F SUg TUFT g BRAN )

M SMART (LRL)

I J
IJP
I JP
I JP
I P

IJP
I

I

IJP

M

M 1
M 1
Mi

M 2
M 2
M 2

01 Y& 1 (1840) MASS ( MEV)

1840 ~ 0 (10.0) LANGBE IN 72 IP WA MUL TI CHA NOEL 12/72
( 1720. ) ( 30c ) BAILLON 75 IPWA KBAR N TG LAM PI 11/75

FROM SOLUT ION 1 OF BAILLON 75g NOT PRE SENT I N SOLUT I GN 2. 1/76
1925 ~ ( 200 ~ ) VANHGRN 75 DPWA 0 K P TO LAM PIO 11/75
1798. GR 1802 ~ MARTIN 77 0 P )vA K BAR N MUL T I CHNL 11/77

THE TWO EiVTR IES FQR MART IN 77 CORRESPOND TO E XTRACT ION OF RE SONANCE
PARAMETERS FROM THE T-MATRIX POLE AND FROM A 8-W FIT g RESPECT IVELY ~

BR ICMiAN1 70 PL 338 511
COOL 70 PR Dl 1887
GA LTI ERI 70 DUKE CCNF 173

+FERRO-LUZZIgLAGNAUX (C ERN )

+GIACOMELL I g KYC IA g LEGNTIC g L I g + ( BNL) I
A BARBARG-GALT IERI (LRL ) IJP 01 Ycl' I ( 1840 ) WIDTH (MEV )

CC NF CETO 71 NP 834 41
KI M 71 PRL 27 356

ALSO 70 DUKE 161

+LEV I SETT Ig LASINSKI ~ ~ OBERLACK++ ( EF I+HEID) I JP
J K KIM { HARV) IJP
J ~ K KIM (HARV) I JP

W

W 1
W

W 2

120 ~ 0 { 10 ~ 0) LANGBEIN 72 IPWA MULTICHANNEL 12/72
(120. ) (30. ) BAILLON 75 IP WA KBAR N TO LAM P I 11/75

65 ~ ( 50. ) ( 20 ) VANHGRN 75 DP WA 0 K- P TO LAM P IO 11/75
93 ~ OR 93 ~ MART IN 77 DP WA KBAR N MULTI CHtc{L 11/77

BARL ETT A 72 NP 840 45
KA NE 72 P R D5 1583
LANGBEI N 72 NP 847 477
DFV EN IS H 74 NP 881 330
PR EVCST 74 NP 869 246

W ~ A ~ BARLE TTA (EFI )
D F KANE ( LBL)
+ WAG NE R ( MP IM )
DEVENI SH F ROGGATT MARTI N(DE SY NORD I TA LCUC )
PREVGST g BARLOUTAUDg+ ( SAC L+C ER N+HE I 0 )

I JP
I JP
I JP

01 Y+ 1 ( I 840) PARTI AL DECAY MODE S

BA I L L GN 75 NP 894 39
VA NH GRN 75 NP 887 145

ALSO 75 NP 887 157

P ~ BAILLONgP ~ J. LITCHF IELD (CERNgRHEL) I JP
A ~ J ~ VAN HORN {LBL) I JP
A J. VAN HORN (LBL) IJP

Pl
P2
P3

Y& I( 1840) INTO KBAR N

Y41(1840) I NTO SIGMA P I
Y& I( 1840) I NTO LAHBDA PI

DECAY MASSES
497+ 939

1197+ 139
1115+ 134

BELL EFCN
CA MERGN
MARTIN

ALSO
ALSG

RL IC

76 NP 8109 129
77 NP 813 1 399
77 NP B 127 349
77 NP B 126 266
77 NP 8126 285
77 NP 8119 362

DE BELLEFQNg BERTHQN
+FRANEKg GQ PALg KALMUS g MC PHERSON+
MART IN g PI DCGCK, MOORHQUS E

M ART IN ~ P I DCCC K

MART IN g PI DCOCK
GOPAL g ROSS g VAN H QRNg MC PHERSON+

{CDEF ) I JP
(RHEL+LOI 0 ) I JP
( LOUC+GLAS ) I JP

(LCUC)
(I QUC ) I JP

{LOI C+RHEL ) I JP

01 Y4 I( 1840) BRANCHING RATIOS

Rl Y&I ( 1840) IN IQ (KBAR N) /TOTAL (Pl)
Rl 0 ~ 37 (0 ~ 13) LANGBEIN 72 IPWA MULTICHANNEL 12/72
Rl 2 (0 ~ 0) OR(0 0) MARTIN 77 DPWA KBAR N MULTICHNL 11/77

AL STCN 78 P R 0 18 182
ALS G 77 PRL 38 1007

CA MERGN 78 NP 8143 189

+KENNEYg PCLLARD, ROSS+ ( I BL+MTHQ+CERN ) I JP
AL STQN-GARNJQST g KENNE Y ( L BL+ M TH 0+C E R N ) I .I P
+FRANEK GGPAL BACON, BUTT ERWORT H+ (RHEL+LOIC) I JP

R2 Y+1 {I 840) FROM KBAR N INTO S IGMA PI SQRT(Pg~P2)
R2 0. 15 (0 04) ( A NGBE IN 72 I P WA MULT I CHANNFL 12/72
R2 2 (- ~ 04) OR —.04 IcIART IN 77 DPWA KBAR N MULTICHNL 11/77

PAPERS NOT REFERRED TO IN DATA CARDS

(CHICgANL(CERN) ) I JP

(CHICAGOg HE I CEL ) I JP

(FSU)
(CE RN+HEID+SACL)

FENSTER 66 PRL 17 841 +GEL FAND g HARM SEN g L-SETT I g+-- FENSTER 66 IS SJPERSEDED BY BARLETTA 72
CONF GRTQ 68 NP 8 8 265 +HARMSEN g LA SI NSKI g +

SUP E RSE DE D BY CGNFORT Q 71 ~

HARRI SGN 70 F SU-HE P 70 3 1 W C HARRI SCN (THESI S)
PREVOST 71 AMSTFRDAM CONF + CHS COLLABORATION

R3
R3
R3
R3
R3
R3 2

Y& j ( 1840) FROM
0 ~ 20
+ ~ 122

(+.11 )
+.06

{+~ 03)OR

KBAR N I
(0 04)

078
( 02)
( ~ 04)

+.03

NTQ LAMBDA P I
LANGBE IV
DE VENI SH
BA ILLGN
VANHGRN
MARTI N

SQRT ( Pl+P3 )
72 IP WA MULTICHANNEL 12/72
74 0 F IXED T DISP REL 4/75
75 IP WA KBAR N TC LAH PI 11/75
75 DPWA 0 K — P TO LAM P IO 11/75
77 DPWA KBAR N MULTICHNL 11/77

clcvlc 4colcglc g g$$
cKvtc gclc+ cK clc chic

Z(] 770) coo vccicvvo, og eve+i i

LA NGB E I N 72 NP 847 477
DE VENI SH 74 NP 881 330
BA ILLON 75 NP B94 39
VA Ic H CRN 75 NP B87 145

ALSO 75 NP 887 157

REFERENCES FOR Y+1( 1840 )

+WAGNER ( MPI M) I JP
DEVE'N I SH g F RGGGATT g MA RT I N ( DESY g NORD IT A g LQUC )
P BAI LLON gP ~ J LITCHF IELD (CERNg RHEL) I JP
A ~ J ~ VAN HORN ( LBL) I JP
A J. VAN HORN (LBL ) IJP

100 Y41(1770) MASS (MEV)

MARTIN 77 NP 8127 349
ALSO 77 NP 8 126 266
ALSO 77 NP B126 285

MARTIN ~ PIDCOCKgMOORHOUS E
MARTIN gPIDCOCK
HART INg P IDCOCK

{LOUC+GLAS)IJP
(LCUC)
(LCUC) I JP

M

M I
M 1
M

M ~ 0 0 0 ~ 0 ~ ~ 0

M AVERAGE MEANINGL E SS ( SCALE FACTOR — 1,4)

( 1772 ~ 0) KA NE 72 DPWA K-P TG S IGMA P I 11/77
1770 ~ 20 ~ BAILLGN 75 IPWA KBAR N TO PI LAM 11/75

FROM SOLUTION 1 OF BAILLON 75g NOT PRESENT IN SOLUT IQN 2 ~ 1/76
1738. 10 FLIC 77 DPWA KBAR N MULTICHNL I/76
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Particle Data Group: Review of particle properties 8261

Data Card Listings
For notation, see key at front of Listings.

Baryons
Z(1S80), Z(1915)

~III
67 Y¹1 (1880 s JP=1/2+) I=1

SEE THE MINI-REV IEW AT THE START OF THE YP LISTINGS ~

A RESONANCE IS SUGGESTED BY SE VERAL PARTIAL-HAVE
ANALYSES ACROSS THIS R EGIONs BUT WITH WIDE VARIATIONS
IN THE MASS AND OTHE R PARAMETERS ~ WE LIST HERE
ALL CLAIMS WHICH LIE WEl L ABOVE THE Y¹1( 1770)

67 Y¹1(1880) MASS (ME V)

I
46 Y¹l{1915s JP&5/2+) I& I 15
S EE THE MINI-R EV IEW AT THE START OF THE Y¹ LI STI NGS

THIS RESONANCE WAS F IRST SEEN IN THE TOTAL CROSS-SEC-

TIONN

MEASUREMENTS OF COOL 66 ~ IN THI S ENTRYs HOWEVER ~

WE LI ST ONLY THE RESULTS FROH PARTIAL-WAVE ANALYS ES»
S EE THE NEXT ENTRY FOR THE PARAMETERS OF P EAKS SE EN AROUND 1 900-195 0
MEV IN CROSS SECTIONS AND INVARIANT-MASS DISTRIBUTIONS ~ WE MAKE THIS
SEPARATION BECAUSE ONLY THE PARTIAL-WAVE ANALYSES ISOLATE THE F15 WAVE
SEE Al. SO THE NOTE TO THE NEXT ENTRY ~

M 1882~ 0 40«0
M (1 850. 0)
M A BOUT 1 850 0
M 1 ts 50~ 0 50 ~ 0
H 1920 ~ 0 30 0
M 2 (1898 )
M 2 ONLY UNCON STRAINED
M 1 (1960. ) (30»)
M 1 FROM SOLUTION 1 OF
M 1985. 50
M 3 1 847 OR 1863 ~

M 3 THE T WO ENTRI E S FO
M 3 PARAMETERS FROM T
M 1870«0 10 ~ 0
M ~ ~ ~ ~ ~ ~ ~ ~

M AVERA E MEANINGLE S

67 Y¹1(1880) WIDTH f MEV)

222 ~ 0 150 ~ 0
( 200 0)
ABOUT 30«0

2CO. 0 50 ~ 0
170 0 40 ~ 0

( 222 ~ 2)
(260 ~ ) (40 ~ )
220 140»
216 OR 220

80 0 10 0

W

W

W

W

W 2
W 1
W

W 3
W

W ~ ~ ~ « ~ ~ »
) ~ ~

W AVERAGE MEANI NGLE SS ( SCALE

SMART
BAILEY
ARMENT ERO
GAl TIERI
L ITCHF I EL
LEA
BA I t. LON
VA NHQRN
MARTI N

CAMERON2

FACTOR = 2 ~ 2)

68 DPWA
69 DP WA

70 IP WA

70 D PWA

70 0 PWA

73 DPWA
75 I PWA
75 DPWA
77 DPWA
78 0PWA

-0 K — N TO LAM PI
0 E LAST IC s C I-. EXCH

—0 ELASTICs CH EXCH
-0 K N TQ LAM P I
-0 K- N TO LAM PI

MULTI CHNL K-MTRX
K BAR N TO LAM P I

0 K- P TO LAM P IO
K BAR N MULT ICHNL
K-P TQ K¹(890) N

SMART 68 D PWA -0 K- N TO L AM P I
BAILEY 69 DPWA 0 ELASTICs Cb EXCH
ARMENTERO 70 IPWA —0 ELASTIC s CH EXCH
GALT IERI 70 DPWA -0 K- N TO LAM PI
LI TCHFIEL 70 0PWA -0 K- N TO LAM PI
LEA 73 DPWA MULT ICHNL K-MTRX

STATES FROM TABLE 1 QF LEA73 ARE IN LISTINGS «

BA ILLON 75 IPWA K BAR N TO LAM PI
BAILLON 75s NOT PRESENT IN SOLUTION 2 ~

VANHORN 75 DPWA 0 K- P TQ LAM P IO
MART IN 77 DP WA KBAR N MULTI CHNL

R HARTIN 77 CORRESPOND TO EXTRACTION OF RESCNANCE
HE 7-MATRIX POLE AND FROM A 8-W FITs RESPECTIVELY ~

CA{sERGN2 78 DPWA
' K-P TO K¹(890) N

G S (SCALE FACTOR «1 5)

7/68
1 0/70
6/70
7/70
6/70
9/73
9/73

11/75
1/76

11/75
11/77

12/79¹

7/68
10/70

6/70
7/70
6/70
9/73

11/75
11/75
ll/77
12/79¹

M

M

H

H ~

M

M

H

M

M

M

H

M

H

M

M

H

M

M

M

M

M

M

M

M

M

H

N

3
3
3
1
2
1

4
4
4

N

AV

46 Y¹ 1 {1915) MASS ( ME V)

11~ 0
20»0
15 ~ 0
(3 ' 0}
10 «0
30 ' 0
10~ 0
15 ~

8 ' 0
30
10«
15

46 Y¹1{1915) WIDTH (MEV)

1902 0 SMART 68 D PWA -0 K-N TQ L AM BDA P I
1910 0 BERTHON 70 DPWA 0 K-P TO LAMBDA P I
1 900 ~ 0 BERTHQN1 70 DPWA 0 K-P TO SIGMA PI
1 936«O BRICMAN1 70 DPWA S IGTOTs ELASsCHEX
1903-0 CQX 70 DPWA — K-N TO LAMBDA P I
1 905 ~ 0 GALTIERI 70 DPWA 0 K-P TO LAMBDA PI
1 895 ~ 0 LI TCHF IE L 70 D PWA -0 K-N TO LAMBDA P I
1910~ LITCHFIE 71 DPWA K-P TO KBAR N

1925«0 KA NE 72 DP'WA 0 K~P TO P I SIG
1920. BAILLON 75 IPWA KBAR N TQ LAM P I
1 914. HEM INGWA 75 DP WA 0 K- P TO KBAR N

1920 20 VANHORN 75 DPWA 0 K- P TO LAM Pjo
(1915~ ) BELL EFON 76 I P WA 0 K- P TO LAH PI
1900~ 4 ~ CORDEN 76 DPWA — K- N To PI- LAM

PREF ERRED SOLUTION 3 SEE CORDEN 76 FOR OTHER POSSI 8 LILI TES.
CORDEN 76 INCLUDES THE DATA OF COX 70 AS A SUBSAMPLE

1894~ 5 CORDEN1 77 K — N TO P I SIG
1909 ~ 5 CORDEN1 77 K- N TO PI S I G

THE 2 ENTRIES FOR CORDEN177 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS
NOT SEEN DECLAIS 77 DPWA KBAR N TQ KBAR N

1925» QR 1933« . MARTIN 77 DP WA KBAR N MULTIGHNL
THE TWO ENTRI ES FOR MARTIN 77 CORRESPOND TO EXTRACT ION OF RESONANCE
PARAMETERS FROM THE T-MATR I X POLE AND FROM A 8-W FIT s RESPECT IVELY

1920~ 10« RL IC 77 DP WA K BAR N MUL Tl CHNL
1937 20 ALSTON 78 DPWA KBAR N ELASTIC

ERROR STATIST ~ ONLY- NQ ERROR DUE TO PARTICULAR P W«ANAL. INCLUDED
~ ~ ~ ' ~ » ~ ~ ~

ERAGE MEAN INGL ESS ( SCAl E FAC TOR = 1.3)

7/68
7/70

10/70
1/71
6/70
7/70
6/70

10/71
10/71
11/75
I I/75
11/75
2/77
2/77
2/77

11/77
11/77
11/77
1/78

11/77

1/76
1/78
1/71

67 Y¹1{1880) PARTIAL DECAY MODES

Pl
P2
P3
P4
P5

Y¹j {1880) I NTO KBAR N

Y¹1( 1880) I NTO LAMBDA P I
Y¹1 (1880) INTO SIGMA P I
Y¹ 1( 1880) I NTO N K¹ (890) s Pl WAVE
Y¹1(1880) INTO N K¹(890) s P3 WAVE

DECAY, HA SSE S
497+ 939

1115+ 134
1197+ 139
939+ 892
93 9+ 892

67 Y¹1 ( 1880) BRANCHING RAT IOS

Rl Y¹1 (1880) INTO ( KBAR N)/TOTAL
Rl {0 22)
Rl (0 20)
Rl 2 ( 31)
Rl . 3 ( ~ 27)OR ~ 27

(Pl)
BAILEY 69 DP WA 0 ELAST IC C l- EXCH 10/70
ARMENTERO 70 I PWA -0 E LASTIC s CH EXCH 6/To
LEA 73 DP WA MULT IGHNL K-M TRX 9/73
MARTIN 77 DPWA KBAR N MULTICHNL 11/77

Y¹jl 1880) FROM KBAR N INTO LAMBDA PI-0.11 0.03 SMART
-0 ~ 09 0 04 GALT I ER I
—0 ~ 14 0» 03 Lj TCHFIEL(- 30) LE A

169 119 DEVE NISH
( — 12) ( 02) BAILLON
+ 05 07 ~ 02 VA NHORN

( —«24)OR —.24 MARTI N««» ~ ~ ~ ~ «

ERAGE MEANINGl ESS (SCALE FACTOR ~ 1.0)

R2
R2
82
R2
R2 2
R2
R2 1
R2
R2 3
R2
R2 AV

SQRT (Pl¹P2)
68 DPWA -0 K- N TO LAH PI
70 DPWA —0 K- N TO LAM PI
70 DPWA -0 K — N TO LAM PI
73 DP WA MULTICHNL K-MTRX
74 0 F IXED T Q ISP REL
75 IPWA KBAR N TQ LAM PI
75 DPWA 0 K — P TQ LAM PI 0
77 DPWA K BAR N MUL T ICHNL

7/68
7/70
6/70
9/73
4/75

11/75
11/75
11/77

R3 Y¹1(1880) FROM KBAR N TO S I GMA PI
R3 2 NOT SE EN LEA
R3 3 (+.30 )OR + ~ 29 MARTIN

R4
R4
R4
R4

9/73
9/73

11/77

12 /79¹
12/79¹
12/79¹

SQRT ( P 1¹P3)
73 DPWA MULT ICHNL K-MTRX
77 DPWA KBAR N MULT ICHNL

Y¹1( 1 880) F ROH KBAR N I NTO N K¹ (8901 s Pl WAVE SQRT (Pl¹ P4 )
4 -0 05 0.03 CAMERON2 78 DPWA K-P TO K¹N
4 THE SIGN HERE I S CHANGED TQ BE IN ACCORD WITH THE BARYON-F IRST
4 CQNV ENT ION

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

Pl
P2
P3
P4
P5

A

3
1
2
4

A

(20 ~ 0)
25 ' 0
20 0
20 0
12 ~ 0
27 «0
20 ' 0
15~ 0
15 ~

22 ~ 0
20 ~

15
18«

(50 '
52 ~

60.
75 ~

135
77
70
70 ~

70 '
146
70
85«

102 ~

{60
75

107
85

171~

130 ~

161
LACK OF

0)
0
0
0
0
0
0
0

)
14
14 '
13 ~

OR 173.
10
20 ~

DA TA P RE VENTS

ARMENTER
SMART
BE RTHON
BERT HON1
BR I CMAN1
CO X
GALT IERI
Lj TCHFIE
L ITCHF IE
KA NE
BA ILLON
HEM INGWA
VA NHORN
BELLEFON
CORDEN
CORDE Nj
CORDEN 1
MART I N

RLIC
ALSTON

FROM DETERMINING

1 67 DPWA 0
68 DPWA -0
70 DPWA 0
70 DPWA 0
70 DP WA

70 DP WA

70 DPWA 0
L 70 DPWA -0

71 DP WA

72 DPWA 0
75 I P WA

75 DPWA 0
75 DPWA 0
76 I PWA 0
76 DPWA
77
77
77 DP WA

77 DPWA
78 DP WA

UNA MB THI S

E LASTICs C H EXCH
K-N TO LAMBDA P I
K-P TO LAMBDA P I
K-P TO S I G HA P I
S IGTOT « ELASs CHEX
K-N TO LAMBDA P I
K-P TO LAH BDA P I
K-N TO LAMBDA P I
K-P TO KBAR N
K-P TO PI SIG
KBAR N TC LAM P I
K- P TQ KBAR N
K- P TQ LAM PIO
K- P TQ LAH PI
K — N TO PI — (. AM

K- N TO P I SIG
K- N TO PI SIG
K BAR N MULTICHNL
KBAR N MULTI CHNL
KBAR N ELASTIC
AMPLITUDE

46 Y¹1{1915) PARTI AL DECA Y MODE S

Y¹1 t 1915) INTO KBAR N

Y¹1( 1915) I NTO LAMBDA PI
Y¹1(1915) INTO SIGMA PI
Y¹1(1915) I NTQ Y¹1(1385) PI ' P-WAVE
Y¹l(1915) INTO Y¹1( 1385) PI F-WAVE

DECAY MASSES
497+ 939

1115+ 139
1197+ 139

139+1384
139+1384

46 Y¹1 (1915) BRANCHING RAT IOS

~ « ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 9)

j.1/67
7/6 8
7/70

10/70
1/7 1
6/70
7/70
6/70

1 0/71
10/71
11/75
11/75
11/75

2 /77
2/77

11/77
11/77
1 1/.77
1/76
1/78

ll/67

R5
R5

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
REFERENCES FOR Y¹1(1880)

SMART 68 PR 169 1330 W M SMART
BA IL EY 69 THESI S UCRL-50617 DAVID SAAL BAILEY
ARMENTER 70 DUKE CONF 123 ARMENTERQSs BA ILLQNs +
GALTIERI 70 DUKE CCNF 173 A BARBARO-GALT IER I
LI TCHFI E 70 NP 822 269 P J LI TCHF IELD

( LRL) I JP
(LRL LIVERMORE) IJP

( CERNs HEIDEL) I JP
(LRL)IJP

(RUTHERFORD) I JP

LEA 73 NP 856 77
DEVENIS H 74 NP B81 330
BA I LI ON 75 NP 894 39
VANHORN 75 NP 887 145

ALSO 75 NP 887 157

MART IN 77 NP 8 127 349
ALSO 77 NP 8126 266
ALSO 77 NP 8126 285

CAMERQN2 78 NP 8146 327

+MARTI N HOORHOUS E+ (RHEL+LOUC+GLAS+AARHUS ) I JP
DEVENI SH, F ROGGA TT MARTIN(DE SY, NORDI TA, LCUC)
P ~ BAILLONs P «J ~ L ITCHF IELD ( CERNs RHEL) I JP
A «J ~ VAN HORN (LBL) IJP
A ~ J ~ VAN HORN (LBL) I JP

MAR TIN s P I DCOC K s MOORH OUSE (LQUG+GLAS ) I JP
MART INs P I DCOCK (LQUC I

MARTINsPI DCQCK {LCUG) I JP
+FRANEK s GD PAL s KAI MUS s MC PHERSON s+ ( RHE L+ LGIC) I JP

Y¹1(1880) FROM KBAR N I NTO N K¹ {890)s P3 WAVE SQRT {Pl¹P5 )
+0 11 0 03 CAMERON2 78 DPWA K-P TO K¹N 12/79¹

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

A

4

Y¹1(1915) INTO
(0 12)
0. 18
0 ~ ll
0 15

«ll(.oe) QR
~ 05.14

Y¹1 ( 1915) FRQH-o.oe
-0 ~ 1
-0 09
-0 11
-0 07

—«087
—~ 06

09(-~ 10 )- ~ lo
( —~ 09)OR

09

(K BAR N) /TOTAL
{ ~ 01)

(0 02)
(0 03)
(0 ~ 04)

l ~ 04)
~ 08

( 03)
{ .05)

ARMENTER1 67
BRIC MAN1 70
CQNFORTO 71
Lj TCHF I E 71
HEMI NGWA 75
MARTIN 77
RL IC 77
ALSTON 78

KBAR N I NTO
(0 ~ 02)
(0 02)
(0 02)
(0.03)
( 0 ~ 015)

( 056)
( ~ 02)
( ~ 02)

~ Ol
—.09

l ~ 03)

LAMBDA Pj
SM ART 68
BE RTHON 70
CO X 70
GALT IERI 70
Lj TCHFI EL 70
DE VE NISH 74
BAILLQN 75
VA NHORN 75
BELL E FON 76
CORDEN 76
MART I N 77
RLIC 77

DPWA
DPWA
DP WA

DPWA
DPWA
DP WA

DPWA
DP WA

DP WA

DPWA
DPWA
DPWA
0PWA

I PWA
DP WA

IP WA

DPWA
0PWA
DPWA

( Pl)
0 ELAST I Cs CH EXCH

S IGTOTs ELASs CHEX
0 ELASTICs - CH EXCH

K-P TO K BAR N

0 K- P TO KBAR N

KBAR N MULTIGHNL
KBAR N MULTICHNL
KBAR N ELASTIC

SQRT ( Pl¹P2 )-0 K-N TO LAHBDA PI
0 K-P TQ LAMBDA P I

K—N TO LAMBDA PI
0 K-P TO LAHBDA P I

-0 K-N TO I AMBDA P I
0 FIXED T DI SP REL

KBAR N TO LAH P I
0 K- P TO LAM Pjo
0 K- P TO I AM PI

K— N TQ PI — LAM
KBAR N MULTI CHNL
K BAR N MUL TI GHNL

11/67
1/71
6/70

10/71
11/75
1 1/77
1/76
1/78

7/68
7/70
6/70
7/70
6/70
4/75

11/75
11/75

2/77
2/77

11/77
1/76

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

A

1
2

Y¹1 (1915)
{0.
-0
-0
-0 ~

~ » ~

AVG MOD 0«
STUDENT 0

FROM
001
13
06
137
17
15
05 )OR
19

~ ~

1660
1661

KBAR N

(0 01)
(0.03)
(0 ' 03)
(0 ~ 015)

«01
~ 02
05

031
~ ~ ~ ~

0 ~ 0089
0 ~ 0099

INTO SIGMA PI
AR)'ENTERO 67
8 ERTHON 1 70
GALT I ERI 70
KA NE 72
CORD EN 1 77
CORD E Nl 77
MA RT I N 77
RL IC 77

SQR
DPWA 0
DPWA 0
DPWA 0
DPWA 0

T(P 1¹P3)
K-P T 0 S IGMA PI
K-P TO SIGMA PI
K—P TO SIGMA P I
K-P TO PI SIG
K- N TO P I SIG
K- N TG PI SIG
KBAR N MULTI CHNL
KBAR N MULTICHNL

DP WA

DP WA

11/67
1 0/70

7/70
10/71
11/77
11/77
11/77

1/76

AVERAGE ( FRRQR INCL UDE S SCALE FACTOR OF 1 «0)
AVERAGE USING STUDENT10(H/1 11) -- SEE MAIN TEXT
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S262 Particle Data Group: Review of particle properties

Baryons
Z(1915), Z{194O)

Data Card Listings
For notation, see key at front of Listings.

R4
R4

Ygl'1(1915) FROM KBAR N INTO Y+1(1385) PI P-WAVE SQRT(P I+P4)
LE SS THAN 01 CAMERON 78 DPNA 0 K-P TO S(1385)PI 1/78

29 Yggl (1915) BRANCHING RATIOS (PROD ~ EXP }

R5 Y&1(1915} FROM KBAR N INTO Y&1(1385) PI F-NAVE SQRT(PI+P5)
R5 5 + ~ 039» 009 CAMERON 78 DPWA 0 K-P TO S (1385)P I 1/78
R5 5 THE S IGN I S CHANGED TO BE IN ACCORD W I TH THE BARYON-FIRST 12/79+
R5 5 CONVENTIONS 12/794

REFERENCES FOR Yit'1{ 1'315)

Y+1 (1915} INTO (KBAR N)/TOTAL
THESE VALUES OF ELASTI CI TI ES ASSUME

O. oe BUGG
0 07 0 02 BR ICMAN
0» 07 COOL

THIS ELAST ICITY ASSUMES J=7/2
62 ~ 08 DA DO

Rl
Rl
Rl
Rl
Rl
Rl 1
Rl 1
Rl
Rl AVG
R 1 STUD ENT

(P 1)
J=5/2

68 CNTR
70 CNTR
70 CN TR

ASSUMING J=5/2 6/68
0 TOTAL AND CH EX 6/70

K-P 0 TOT AL 10/70
2 /73
2/730 K-P ELSTC CCS72 HBC

»» ~ » ~ »»» ~

0»10 0 ~ 13
0» 077 0» 022

AVERAGE (ERROR INCLUDES SCALE FACTOR OF e.7)
AVERAGE USING STUDENT10(H/1. 11) -- SEE HAIN TEXT

ARMENTER 67 PL 24B 198
AR ME ihlT E 1 67 NP 83 592
SMART 68 PR 169 1330

ARME NTEROS F ERRO-LUZZ I+ ( CERN HEI D SAC LAY )
ARHENTEROS FERRO-LUZZI+ (CERN HEID SACLAY)
W H SMART (LRL ) I JP

R2
R2

Y&1(1915) I NTQ ( KBAR N) /( SIGMA PI )
( 37 } QR LESS BA RNE S

(Pl)/(P3}
69 HBC + 1 STAN DEV ~ 10/e9

BERTHON
BERT HQN 1
BRIC MAN1
COX
GALT I ERI
LI TCHF IE

70 NP BZO 476
70 NP 824 41 7
70 PL 33B 511
70 NP 819 61
70 DUK E CONF 173
70 NP B22 269

+RANGANg VRANAg +(COL FRANCEg RHELg SACLAY) I JP
+VRANA g BUTTERWORTHg + (CDEFg RHEL ~ SAC LAY ) I J
+FERRO-LUZZI gLAGNAUX ( C ERN)
+ISLANg CGLLEYg + (BIRMg EDINg GLASgLQIC }IJP
A BARBARO-GALTIERI ( LRL) I JP
P J LITCHF I ELD (RUTHERFORD)IJP

R3
R3

R4
R4

(P2)/(P3)
69 HBC + 1 STAN DEV

Y&I ( 1915) I NTO ( XI K)
42 S EEN

( P4)
BRIEFEL 77 HBC + K-P 2 ~ 87 GEV

Y&1(1915) INTO tLAMBDA PI)/(SIGHA PI)(.28) OR LESS BARN ES 10169

1/78

CGNFGRTG 71 NP 834 41
L I TCHF I E 71 NP 83 0 125
KANE 72 PR D5 1583
DEVENIS H 74 NP 881 330

BA ILLGN 75 NP 894 39
HE MI NGNA 75 NP 891 12
VA NHQRN 75 N P B8 7 145

ALSO 75 NP 887 157

+LEV I SETTI gLASINSKI OBERLACK++ ( EF I+HEID) I JP
LITCHF I ELO g ~ +LES QUQY g+ ~ ~ (RH EL+CDEF+SACL }I JP
D F KANE (LBL) I JP
DEVEN ISHg FRGGGATTg MARTI N(DESY g NQRDI TA g LCUC }

P ~ BAILLONgP J ~ LI TCHF IELD {CERNgRHEL} I JP
HEMI NGWAYg EADESg HARM SEN+ I CERN gHE I 0g MPI M } I JP
A ~ J ~ VAN HORN (LBL) I JP
A ~ J ~ VAN HORN (LBL) I JP

BOCK 65 PL 17 166
CQQL 66 P RL 16 1228

SUPE RS EDE 0 BY COOL 70
.BUGG 68 PR 168 1466
BARNES 69 P RL 22 479

REFERENCES FGR Y+I (191.5 } (PROD EXP )

+CQQPERg FRENCHg KINSQNg + t CERNg SACLAY ) I
+GIACOMELLI, KYCI A, LEQNT IC, LI, LUNDBY + ( BNL }

+GI LMORE g KNI GHT g DAVI ES+ {BI RMg CAV Eg R HEL ) I
+FLAMINIOgMONTANETgSAMIOS + (BNL+SYRA}

BELLEFQN 76 NP B109 129
CORDEN 76 NP 8104 382

CGRDEN1
DEC LAI S
MART I N

ALSO
ALSO

RL IC
ALSTON

ALSO
CA ME RQN

77 NP 812 5 61
77 CERN 77- 16
77 NP 8127 349
77 NP 8126 266
77 NP 8 126 285
77 NP B119 362
78 PR 018 182
77 PRL 38 1007
78 NP 8143 189

SMART 66 PRL 17 556
SUPERSEDED BY SMART 68

CONF QRTO 68 NP B8 265
SUPERSEDED BY CQNFQRTQ 71 '

DE BELLEFONg BERTHON (CQEF ) I JP
+COX g DARTN EL Lg KENYON g ON EAL E g SUMOROK+ ( 8 IRH ) I JP

+COX ~ KENYONgQNEALEg STUBBSg SUHQRGK+ (BIRM) I JP
+DUCHGNgLOUVEL g P ATRY g SEGUINQT+ (CAEN+CERN } I JP
HARTIN g P IDCOCK g MOO RH GUS E (LQUC+GLAS ) I JP
HART IN g P IDCQCK ( LQUC )
HART I N g PIDCQCK {LGUC) I JP
GOPAt. g ROSS g VAN HORNg HCPHERSGN+ (LGI C+RHEL) I JP
+KENNEYg PGLLARDg ROSS+ ( L BL+HTHO+C ER N ) I J P
AL STON-GARN JOST g KENNEY {L BL+MTHO+C ERN ) I JP
+F RANEKg GOPAL g BACON ~ 8 UTTER WORTH+ (RHE L+ LGI C ) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

W M SMART g A KERNANg G E KALMUS g R P ELY ( LRL ) I JP

+HARHSENg LASINSKI g + (CHICAGOg HEIDEL)

AGUI LAR 70 PRL 25 58
BR IC MAN 70 PL 318 152
CQQL 70 PR Dl 1887
DADO 72 P RL 29 1695
BRIEF EL 77 P RD 16 2706

AGUILAR-BENITEZg BARNESg + (BNLg SYRA)
+FERRO LUZZI g PERREAUg+ (CERN gCAENg SACLAY)
+GIACOMELl I KYCIA LEQNT IC L I + ( BNL ) I
+8 IRMAN gGOLDBERGg WEI SS (HAIF) J P
+GOU REV IT C Hg CHAN G+ ( BRAN+UMD+ S YR A+ TUF T }

PAPERS NOT REFERRED TQ IN DATA CARDS

'98 Y+1 t1940 g JP=3/2-} I=l

SEE T HE MINI-REV I EN AT THE START OF THE Y& L I STINGS.

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NQT A LL
PARTIAL-HAVE ANALYSES IN THIS REGION THIS
EFFECT I S PERHAP S A SSQCIATED WITH THE BU MPS SEEN
IN PRODUCT IQN EXPER IHENTS NEAR THI S MASS ~ SEE
THE PREC ED I NG ENTRY

PRIMER 68 PRL 20 610 +GOLDBERGg JAEGERgBARNESgDORNAN + (SYRAg BiNL)
SUPERSEDED BY BARNES 69 AND AGUILAR-BENITEZ 70

M

M-

M

M

M

M

M

M

M

M

W

W

W

N

N

N

W

Pl
P2
P3
P4

i9i5 MEV REGION PRODUCTION AND 0ToT~ $~p 'ps

29 Y+I( 1915g JP= ) I=1 PRODUCT ION EX PER IMENTS

SEE THE MINI-REVIEW AT THE START QF THE Y+ LIST INCS ~

SEE THE NOTES TO THE Yggl (1915) AND Y&1{1940) g WHICH
IMHEDI ATELY PRECEDE AND FOLLO'W THIS ENTRY HERE NE
LIST ONLY PARAMETERS OF PEAKS SEEN IN CROSS SECTIONS

AND INVARIANT-MASS DISTRIBUTIONS» THE CROSS-SECTION PEAKS ARE ALMOST
CERTAINLY ASSOCIATED WITH THE F15 Y&1(1915) SEEN IN PARTIAL-NAVE
ANALYSES ~ THE INVARI ANT-MASS PEAKS SEEM MORE L IK ELY TQ BE A SSQC IATED
'WITH THE D13 Y+t 1940) ~

29 Y+ 1( 19 15 } MASS ( MEV ) ( PROD EXP ~ )

CROSS-S ECT ION PEAKS
1 905.0 5 ' 0 BU GG
1906~ 0 6.0 BR I CHAN
191Z.O 10.0 CQQL

I NVARI ANT-MASS-D ISTR I BUT ION PEAKS
I 1 c42. 0) (9 ~ 0 ) BOCK
1940.0 11.0 AGU ILAR

EL A STI C DC S
1 1931 9. DA DQ
1 G7 I NDICATED BY LEGENDRE CQEFFS gG9 NQT

42 1 979. 14. BRIEF EL
~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE HEANI NGLE SS ( SCALE FACTOR = 2 ~ 7)

68 CNTR K-P D TOTAL 11/66
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K-Pg D TOTAL 10/70

65 H BC
70 HBC +

72 HBC 0
RU LED OUT ~

77 HBC +

P BAR P 5 7 BEV/C
3 ~ 9-4»6 GE V/C K- 5/70

2/73
K-P ELSTC DC S 2/73

2/73
XI K MODE 2 9K-P 1/78

29 Yit'l(1915) WIDTH (MEV) ( PROD ~ EXP. }

SECT IQN P EAKS
0 10 ~ 0
0 12 0
0)
ANT-MASS-D ISTRI BUT ION
0} {20»0) (36 0}
0 20 ~ 0
C DCS

14.
32

CRO SS-
60
50.

(30.
INVARI

(36.
90

EL A STI
70»
69.

BU GG
BRI CMAN
COOL
PEAKS
BOCK
AGU ILAR

DA DG
BR I EFEL

68 CN TR
70 CNTR 0 TOTAL ANQ CH EX
70 CN TR K-P g D TOTAL

11/66
6/70

10/70

65 HBC
70 HBC + 5/70

2173
2/73
1/78

3 ~ 9-4 ~ 6 GE V/C K-

72 HBC 0 K-P ELSTC DCS
77 HBC + X I K MDDE 2 ~ 9K-P

1
42

~ ~ ~ ~ »» ~ ~ ~

AVERAGE MEANINGLESS {SCALE FACTOR = 1 0)

29 Y{'1(1915}PARTIAL DECAY HQDES (PROD EXP )

DECAY MASSE S
497+ 939

1115+ 134
1197+ 139
1314+ 493

Y+I( 1'315} INTO KBAR N

Y+I (1915) INTO LAMBDA P I
Y&1{1915) INTO SIGMA PI
Y&1 t 1915} INTO XI K

M

H

M

M

2
H 2
M

M

M

M

H 4
H.
H 5
H 5
H 5
M

H

M AV

98 Y+ 1( 1940) MASS ( HE V)

50 0
40 ~ 0
30 ~ 0
(5 ~ 0)

98 7+1( 1940) WIDTH ( HEV)

W 50 ~ 0
N 50 ~ 0
W 40 ~ 0

( 22 ~ 0)
W 2
W 20
W 30»
W 75
N 70»

5 159.
80 ~

W 25.0
W » ~ ~ ~ ~ ~ ~ ~ »

W AVERAGE MEANINGLE SS ( SCALE

200» 0
200 ~ 0
280 0
208 ~ 0

(108 ~ 9}
60»
70 '

150
3, 60 ~

15'T ~ OR
3 00.
170 0

20

40»

GALT IERI 70
GALT IER I 70
L ITCHF I EL 70
KA NE 72
LEA 73
LI TCHFI2 74
LI TCHFI3 74
BAIL LON 75
VA NHORN 75
MARTIN 77
RL IC 77
CA HE RON2 78

FACTOR = 2 3)

DPNA
DPNA
DPWA
OPSIA
DP WA

DPWIA

DPWA
IP WA

D P'WA

DPWA
DPNA
DPWA

K- N TG LAM PI
K-P TO SIGMA PI
K N TQ LA)II P I

0 K-P TO P I SIG
MULTICHNL K-MTRX

0 K-P TQ Lt 1520)PI
0 K-P TO KBAR DEL

K BAR N TO LAM PI
0 K- P TO LAM PIO

KBAR N HULTICHNL
K BAR N MUL T ICHNL
K-P TO K+ (890 } N

98 Yit' 1( 1940 ) PART IAL DFCAY MODE S

Pl
P2
P3
P4
P5
P6
P7
P8
P9

Y+1 t 1940)
Y&I (1940)
Y&l t 1940)
Y+1(1940)
Y&l ( 1940)
Y+ 1 (1940 )
Y&1{1 c40)
Y&1( 1940)
Y&1(1940)

I NTO
I NTO
I NTG
INTG
INTO
I NTO
I NTO
I NTO
I NTG

KB AR N

LAHBDA PI
SIGMA PI
Y+0(1520) PI P-'NAVE
Y+0{ }.520) PI F-WAVE
KBAR DELTA (1232 ) S-N AV E
KBAR DELTA(1232) 0-NAVE
Y&1( 1385) PI S-NAVE
N K& (890) g S3- WAVE

DECAY MA SSE S
497+ 939

1115+ 139
1197+ 139
134+1518
134+1518
493+1232
493+1232
139+ 1384
939+ 892

1 c 40. 0 GALTIERI 70 DPNA K — N TQ LAM PI
1'340 0 GALTIERI 70 DPWA K-P TO SIGMA PI
1940 0 LITCHFIEL 70 DPNA K — N TQ LAM PI
1'3 85 0 KANE 72 DPNA 0 K-P TQ PI SIG

(1 865 ) LEA 73 DPNA HULTICHNL K-HTRX
ONLY UNCONSTRAINED STATES FROM TABLE 1 OF LEA73 ARE IN LISTINGS ~

1 940 ~ 20 ~ L I TCHFI 2 74 DPNA 0 K-P TQ L ( 1520}P I
1 ~ 50 ~ 20 ' LITCHFI3 74 DPNA 0 K —P TO KBAR DEL
1950. 30 BA Il LGN 75 I PWA KBAR N TQ LAM P I
1 949 40 60 VANHQRN 75 DPNA 0 K — P TQ LA M PI 0

( 1940~ ) BELLEFON 76 I PNA 0 K — P TQ LAM P I
SL IGHT BUMP IN MODULUS OF F7 NAVE.

1 886. OR 1893 ~ MART IN 77 DPNA K BAR 'N MULT ICHNL
THE TWO ENTRIES FDR MARTIN 77 CORRESPOND TQ EXTRACTI ON GF RESONANCE
PARAMETERS FROM THE T-MATR IX POLE AiND FROM A 8-W F IT g RF SPEC TIVE LY

1920 50 RL IC 77 DPWA K BAR N MULTI CHNL»»»»»»»»»
ERAGE MEANINGLESS (SCALE FACTOR ~ 1 0}

7/70
7/70
7/70

10/71
9/73
9173

10/74
10/74
11/75
ll/75
2/77
2/77

ll/77

1/76

7/70
7/70
7/70

10/71
9/73

10/74
10/74
11/75
11/75
1 1. /77

1/76
12/79+
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Particle Data Group: Review of particle properties S263

Data Card Listings
For notation, see key at front of Listings.

baryon s
Z(1940), Z(2000), Z(2030)

98 Y&1{1940) BRANCHING RATIOS

I NTO LAMBDA PI
GALT I ERI 70
LI TC HFI E L 70
LEA 73
DEVENI SH 74
BA I LLON 75.02 VANHORN 75
HART IN 77
RLIC 77

KBAR N

0 04
0 ~ 03

Y&l{1940) FROH
-0 ~ 12
-0 14(- ~ 11 )

—~ 153
—~ 04

05(- 15)OR
-» 06

Rl
Rl
Rl
Rl 2
Rl 070
Rl 02
Rl 03
Rl 5 —.14
Rl 03
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 5}

DP'WA

DPWA
DP WA

IPWA
DP WA

DP WA

DPWA

SQRT {Pl+PZ)
K- N TO LAM PI
K — N TO LAM P I
HULTICHNL K-MTRX

0 FIXED T DI SP REL
K BAR N TG LAM PI

0 K-P TO LAM Pl 0
KBAR N MULTI CHNL
KBAR N HULTICHNI

7/70
7/70
9/73
4/75

11/75
11/75
11/77
1/76

Pl
P2
P3
P4
P5
P6

Y&1 ( 2000)
Y+1 {2000 }
Y41{2000)
Y&1 (2000)
Y&1(2000)
Y+lt 2000)

02 Y+ 1( 2000) PARTI AL DECAY MODES

INTO KBAR hl

I NTO LAHBDA P I
INTO SIGMA PI
INTO LAMBDA (1520) P I
I NTO N K+ (890) g Sl WAVE
INTO N K+(890) g D3 WAVE

02 Y+I (2000) BR ANCHING RAT IGS

DECAY MASSES
49 7+ 939

111 5+ 134
1197+ 139
139+1518
93 9+ 892
939+ 892

Y&1(1940) FROM KBAR N IhlTQ S I GMA P I
-0 ~ 12 0 ~ 03 GALTIERI
-0 093 (0 ~ 006) KANE

NOT SE EN LE A

(+.16)OR +. 16 HA RTI N

08 ~ 04 RLIC

R2
R2
R2
R2 2
R2 5
R2
R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

R2 AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

SQRT(P 1+P3)
70 DPWA K-P TG SIGMA PI 7/70
72 DP WA 0 K-P TO PI SIG 10/71
73 D PW A HULT I CHNL K-H TRX 9/73
77 DPWA KBAR N MULTICHNL 11/77
77 DP WA KBAR N MUL TICHNL 1/76

Rl
Rl
Rl
Rl 1
Rl

R2 Y+l(2000) INTO (KBAR N)/TOTAL
R2 1 ( ~ 62 )OR ~ 57
R2 .44 ' 05

MARTIN
RL IC

Y&1{2000 ) FROM KBAR N INTO LAMBDA P I
NOT SE EN BAILI QN

+, 07 ~ 02 01 VA NHORN(- ~ 19)OR —»18 MARTIN
» 08 , 03 RLIC

. SQRT (P I+PZ)
75 I PWA K BAR N TG LAH P I 11/75
75 DPWA 0 K-P TO LAM PIO ll/75
77 DP WA K BAR N HUL TI CHNL 11/77
77 DPWA KBAR N MULTICHNL 1/76

(Pl) 1/76
77 DP WA K BAR N HULT ICHNL 1 1/77
77 DPWA KBAR N MULTICHNL 1/76

R3
R3
R3
R3
R3
R3

Y&1( 1940) INTO KBAR N (Pl)
2 ( F 21) l EA Y3 DPWA MULTICHNL K-MTRX
5 ( 14) OR ~ 13 MARTIN 77 DPWA K BAR N MULTICHNL

L ESS THAN 04 RL. I C 77 DP WA KBAR N MULTICHNL
NG SIGNAL FOR THIS STATE W IT H X LARGER 'THAN ABOUT ~ 03 IN THE
ANAL YSI S OF HEMI NG WAY Y5

9/73
9/73

11/77
1/76

11/75
11/75

R4
R4
R4
R4
R4

Y&1( 19401 FROM KBAR N TG Y+0 (1520 ) PI P-WAVE SQRT (P 1+P4)
1 —«11 ~ 04 LI TCHFI 2 74 DPWA 0 K-P TO L (1520)PI 10/74
1 ASSUMES LAMBDA(1520) ELAST IC ITY& ~45' SIGN RLTV» TO SI G(2030) DECA Y. 10/74
6 LE SS THAN ~ 03 CAMERON 77 DPWA 0 K-P TO L (1520)P I 1/78
6 ASSUMES LAMBDA( 1520) ELASTICITY= 46» 1/78

R5 Y&1(1940) FRQH KBAR N TG Y+0(1520} PI F-WAVE SQRT(P1+P5)
R5 1 - ~ 08 .04 LITCHFI2 74 DPWA 0 K-P TO L(1520)PI 10/74
R5 1 ASSUMES LAMBDA(1520) ELASTICITY= ~ 45 SIGN RLTV TO SIGt2030) DECAY 10/74
R5 6 062 ~ 021 CAMERGN 77 DPWA 0 K-P TO L(1520) PI 1/78
R5 6 ASSUMES I AHBDA (1520 ) ELASTICITY~ »46» 1/78
R5 ~ »» ~ ~ ~ ~ ~ ~

R5 AVERAGE MEANINGLESS {SCALE FACTOR = I ~ 0)

R3 Y&1(2000) FROM KBAR N INTO SIGHA PI SQRT (P I+P3 ) 1/76
R3 1 (+~ 26 )OR +.24 MARTIN 77 DPWA KBAR N HULTICHNL 11/77
R3 +.20 ~ 04 RLI C 77 DPWA K BAR N HULTICHNL 1/76

R5 Y+1 & 2000) F ROH KBAR N I NTO N K+(890) p Sl WA VE SQRT {P 1+P5}
R5 3 +0 ~ 10 0 ~ 02 CAMERON2 78 DPWA K-P TO K+N
R5 3 THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST
R5 3 CCNVENTION ~

12/79~
12 /794
12/79~

R6
R6

Y+1(2000) FRCM KBAR N INTO N K+(890)g 03 WAVE SQRT(PI+P6}
—0» 07 0 ~ 03 CAMERGN2 78 DPWA K-P TO K+N 12/79~

REFERENCES FOR Y+I( 2000)

R4 Y41(2000) FROM KBAR N TO LAMBDA&1520) PI SQRT (P l+P4)
.R4 2 +0 ~ 08 1»021 CAMERQN 77 DP'WA 0 P-WAVE DECAY 1/78
R4 2 ASSUHES LAMBDA(1520) ELASTICITY 0 ~ 46 ~ THE SIGN I S CHANGED HERE TO 12/79&
R4 2 8 E I N ACCORD WI TH THE BARYON-F IRST COhlV E NT ION ~ 12/794

R6 Y+I t 1940) FROM KBAR N TO KBAR DELTA( 1232) S-WA VE SQRT {Pl+ P6}
R6 3 —~ 16 »05 LITCHFI3 74 DPWA 0 K-P TO KBAR DEL 10/74
R6 3 SIGN RELATI VE TO SIGMA{2030) DECAY 10/74

BAIL{ GN 75 NP 894 39
VA NHORN 75 NP 887 145

AL SO 75 NP 887 157

P BA ILLOhl gP ~ J ~ L I TCHF IELD
A ~ J ~ VAN HORN
A ~ J ~ VAN HORN

(CERN ~ RHEL) I JP
( LBL) I JP
{LBL) I JP

R7 Y+l(1940) FROH KBAR N TO KBAR DELTAtl232) D-WAVE SQRT{P1+PY)
R7 3 14 ~ 05 LI TCHFI3 74 DPWA 0 K-P TO KBAR DEL 10/74
R7 3 SIGN RELATIVE TO S IGHA(2030) DECAY 10/74

RB Y&1(1940) FROM KBAR N TO Y+1( 1385) PI S-WAVE SQRT{ Pl+P8)
RB 7 + ~ 066 ~ 025 CAMERON 78 DP WA 0 K-P TO S( 1385)PI 1/78
RB 7 THE S IGhl I S CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12/794
RB 7 CQNVE NT ION ~ 12/79+

CA MERON
MART IN

A.L SO
AL SG

RL IC
CA MERGN2

77 NP 813 1 399
77 NP 8 127 349
77 NP i8126 266
77 NP 8126 285
77 NP B119 362
78 NP 8146 327

+F RANE K GOPA L KA(. MUS MC PHERSON+ (RHEL+L QIC ) I J P
MARTIN g PI DCOCK e MOORHOUS E ( LOUC+G LAS ) I JP
MART INy PIDCOCK ( LQUC )
HARTI N ~ PI DCOCK {LQUC) I JP
GOPALtROSS ~ VAN HORN~MCPHERSON+ (LOIC+RHEL) IJP
+FRANEKp GOPALy KALHUS gMCPHERSQN i+(RHEL+LQI C ) I JP

R9 Y&1(1940) FROM KBAR N I NTG N K+ {890) g S3 WAVE SQRT t Pl+ P9)
R9 8 -0 09 0 02 CAHERQN2 78 DPWA K-P TO K+N
R9 8 UPPER LIMITS ON THE Dl AND D3 WAVES ARE EACH 0»03»

12/79&
12/79'4

+g+++~g„"t QQQQgcQQQQ

47 Y+I( 2030' JP=7/2+) I= 1

GALT IER I 70 DUKE CONF 173
LI TC HFI E 70 NP 822 269
KANE l2 PR D5 1583
LEA 73 NP 856 77

DEV EN IS H 74 NP 8'81 330
LI TCHFI 2 74 NP 874 19
I I TCHFI3 74 NP 874 39

REFERENCES FOR Y+1(1940)

A BARBARO-GALTIERI ( LRL) I JP
P J LITCHF IELD (RUTHERFORD) I JP
D F KAhlE (LBL) IJP
+MARTI NgMOORHOUSE+ (RHEL+LOUC+GLAS+AARHUS) I JP

DE VENI SH gF ROGGATT g HA RTI N(DE SY g NQRDITA g LCUC )

LITCHFIELD' HEMINGWAY' BAI( LONr+ (CERN+HEID) I JP
LITCHFIELDsHEMINGWAVg BAILLQNg+ (CERN+HEID) IJP

SEE THE MINI-REVIEW AT THE START OF THE Y+ LISTINCS

THI S ENTRY ONLY INCLUDES RESULTS FROM PART IAL-WAV E
ANALYSES PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2030 MEV ARE

GIVEN IN THE NEXT ENTRY» EVENTUALLY THE PARTI AL-WAVE ANALYSES S HOULD
GIVE THE BEST RESULTS' AS THEY ISOLATE THE F17 WAVE ~ THIS SUPERIORITY
I Sg HOWE VERe PROBABLY NOT YET ATTAI NEO' AND WE RELY ON BOTH ENTR I ES
FOR PARAMETERS GIVEN IN THE MAIN BARYON TABLE

BAILLGN 75 NP, 894 39
VANHORN 75 hlP 8 87 145

Ai SO 75 NP 887 157

P ~ BAILLCNy P ~ J LITCHFIELD
A ~ J ~ VAN HORN
A ~ J ~ VAN HORN

{CERNgRHEL) I JP
( LBL) I JP
( LBL) I JP

NP 8 109 129
NP 813 1 399
NP 8127 349
NP 8126 266
NP 8126 285
NP 8119 362
hlP 8143 189
NP 8146 327

BE( LEFON 76
CA HERON 77
MARTIN 77

ALS 0 77
ALSO 77

RLIC 77
CA MERON 78
CA ME RQN2 78

HEMINGW A 75 NP 891 12

DE BELLEFONi BERTHGN &CDEF ) I JP
+FR A NEKg GQ PA Lg KALMU S g M C P HER SOhl+ ( R HE L+ LC I C ) I JP
MAR TI N g P I DCOC K g M GQRH QU S E (LOUC+GLAS ) I JP
HART IN g P IDCQCK ( LCUC)
MARTINy P IDCQCK (LQUC) I JP
GGPA Lg ROSS' VAN HORN g MCPHERSON+ ( LOIC+ RHEL }IJP
+FRANEK i GOPAL s BACON' BUTTER WORTH+ (RHE L+{.OI C) I JP
+F RANEKgGOPALg KALMUS g MC PHERSONg+ ( RHEL+LOIC ) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

z(2ooo) 02 Y+1(2000 JP 1/2-) I 1

WE l IST HERE ALL REPORTED Sll STATES
THE Y&1 (1750)

III
xa
LYI NG ABOVE

HEHINGWA Yv EADE Se HARMSEN+ (CERNrHEI D

TEMPI

M} I JP

47 Y+1 (2030) HASS { MEV]

(2 030 ~ 0 )
2032 ~ 0
2030»0
2 035 ~ 0
2027 ~ 0
2010.0
2000» 0
2022. 0
2025»
2034, 0
2025
20 35.
2020»
2035 ~

2038.
2042 ~

(2030» )
4 2030» 3
4 PREF ERR EO SOLUT IGN
4 CORD EN 76 INCL UD ES
C 2038 ~ 10 ~

6 2027» TO 2057»
2040. 5 ~

{20~ 0
6. 0

10 0
10»0

6»0
15 0
20 ~ 0

4 ~ 0
15,
14 0
10
10~

30 '
15 ~

10.
11

WGHL
SMART
BERTHON
B FRT HONl
COX
GALT IER I
GALTIERI
LI TCHF IE L
L ITCHF IE
KA NE
L ITCHFI 1
L ITCHFI2
L I TCHF I 3
BAILLQN
HE HI NGWA

VANHORN
BELL EFON
CORDEN

3g SEE CORDEN 76 FOR
THE DATA OF COX 70 A

CGRDEN2
GQYAL
RL I C

~ » ~ » ~ ~ ~ \»
AVERAGE MEANINGLESS (SCALE FACTOR = 1 0)

66 HBC 0
68 DPWA
70 DPWA 0
70 DPWA 0
70 DPWA
70 DPWA 0
70 DPWA 0
70 DPWA -0
71 DPWA
72 DPWA 0
74 DPWA 0
74 DPWA 0
74 DPWA 0
75 I P WA

75 DPWA 0
75 DPWA 0
76 IPWA 0
76 DPWA
OTHER POSSI

S A SU BS AMPL
77
77 DP WA

77 DPWA

K-P TQ LA M PI 0
K-N TO LAHBDA P I
K-P TO LA MBDA P I
K-P TO SIGMA PI
K-N TO L. AMBDA P I
K-P TO LAMBDA P I
K-P TO SIGMA P I
K-N TO LAMBDA P I
K-P TO KBAR N

K-P T G PI S I G
K-P TO L(1815)PI
K-P TO L (1520)P I
K-P TO KBAR DEL
K BAR N TQ LAM PI
K- P TO KBAR N

K-P TO LAH PI 0
K- P TQ .LAM PI
K- N TG PI- LAH
BLILITES~

E ~
K- N TO K+ N
K- N TO SI G P I
KBAR N MULTICHNL

7/66
6/68
7/70

10/70
6/70
7/70
7/70
6/70

10/71
10/71
10/74
).0/74
10/74
11/75
11/75
11/75

2/77
2/77
2/77

11/77
1/78
1/76

02 Y+1(2000) MASS t ME V)
47 Y»l'1{ 2030) WIDTH (HEV)

02 Y+1(2000) WIDTH ( MEV)

116~ 40»
413 ~ OR 450 ~

170~ 40 ~

VANHORN
HARTIN
RL IC

75 DPWA 0 K-P TG LAM PI 0 ll/75
77 DPWA K BAR N MULTICHNL 11/77
77 DPWA KBAR N MULTICHNl 1/76

20 04. 40 ~ VANHQRN 75 DPWA 0 K-P TO L AM P IO 11/75
1 1 7 55» OR 1834 HARTIN 77 DP WA KBAR N MULTICHNL 11/77
1 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
1 PARAMETERS FROM THE T-MATRIX POLE AND FROM A 8 W FITg RESPECT IVELY ~

1955 ~ 15 RL IC 77 DP WA KBAR N MULTI CHNL. 1/76

( 1YO ~ 0)
160 '0
165. 0
150 ~ 0
158.0
115» 0
100 0
170, 0
200 ~

118 0
70» TO

160.
200 ~

16 ~ 0
30 ~ 0
20, 0
16 ~ 0
15.0
40 ~ 0
15»0
30 '
12 ~ 0

125
20
30

15»0

WOHL
SMART
BERT HON
BE RTHONl
COX
GALTIERI
GALTIERI
L I TCHF I EL
LI TCHF IE
KAhlE
LI TCHF I 1
L I TCHF I 2
L IT CHF I3

66 HBC 0
68 DPWA
70 DPWA 0
70 0PWA 0
70 DP WA

70 DPWA 0
70 DPWA .0
70 DPWA -0
71 D PWA

72 DPWA 0
74 DPWA 0
74 DPWA 0
74 DPWA 0

K —N
K-P
K-P
K-N
K-P
K-P
K-N
K-P
K-P
K-P
K-P
K-P

TO LAMBDA P I
TO LAH BOA P I
TO SIGMA PI
TO LAM BDA P I
TG LAH BDA P I
TQ SIGMA PI
TO LAMBDA P I
TO KBAR N

TO P I SI G
TO L(1815)PI
TG L (1520)PI
TG KBAR DE L

7/66
6/68
7/70

10/70
6/70
7/70
7/70
6/70

10/71
10/71
10/74
10/74
10/74
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S264 Particle Data Group: Review of particle properties

Sary ons
z(ao3o)

Data Card Listings
For notation, see key at front of Listings.

C

6

1 80»
172.
1 78»

( 160 ~ )
201 ~

137~

(260. )
126 ~ TQ
190~

20
15 ~

13

9 ~

40»

195
10~

BAILLQN
HE MING WA

VA NHQRN
BE LLEFON
CORD EN
CORD F N2
DECLAI. S
GOYAL
RLIC

75 I PHA
75 DP WA

75 DPWA
76 I PWA
76 DP HA

77
77 DP WA

77 DP WA

77 DPWA

KBAR N TQ LAM PI
K- P TQ KBAR N

K-P TQ LAM P IO
K- P TQ LAM PI
K- N TO PI — LAM
K — N TQ K¹ N

KBAR N TQ KBAR N

K- N TQ SI G PI
KBAR N MULT I CHNL

11/75
11/T5
11/75
2/77
2/77

11/77
1/78
1/78
1/76

12/79¹
12/79¹
12/79¹
12 /79¹

Rl 1 Y¹l(2030} .FROM KBAR N I NTO N K¹ t 890) s Fl WAVE SQRT (Pl¹P11 )
Rl 1 -0 ~ 02 0 ~ 01 CORD EN Z 77 K-D TO K¹N
Rll 8 +0 ~ 06 0 ~ 03 CAMERQNZ 78 DPHA K-P TO K¹N
Rl 1 8 THE SIGN HERE IS CHANGED TQ BE IN ACCORD WITH THE BARYON-F IRST
Rl1 8 CONVENTION.
Rl 1 ~ » ~ ~ ~ » ~ ~ ~

Rl 1 A VG MOD 0 ~ 024 0 0 12 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
Rll STUDENT 0 ~ 024 0 ~ 011 AVERAGE USING STUDENT10(H/1 ~ 1 1) SEE MAIN TEXT

Pl
P2
P3
P4
P5
pe
P7
P8
P9
P10
Pl 1
P12

~ ~ ~ ~ ~

A VERAGE MEANI f4GLE
~ ~ » ~

SS ( SCALE FACTOR = 1» 9)

Y¹1 (2030)
Y¹1(2030)
Y¹1(2030)
Y¹ 1( 2030)
Y¹1{2030)
Y¹1 t 2030 )
Y¹1(2030)
Y¹1(2030 )
Y¹1(2030)
Y¹1(2030)
Y¹l (2030)
Y¹l( 2 C30}

I NTO
I NTO
INTO
INTO
INTO
INTO
I NTQ
INTO
I NTQ
I NTQ
I NTQ
I NTQ

KBAR N

LAMBDA PI
SIGMA PI
XI K
Y¹0( 1815) PI P-HAVE
Y¹0( 1520 ) PI D-WAV E
Y¹0( 1520) PI G-WAVE
KBAR DEI TA(1232) F-WAVE
KBAR DELTA(1232 ) H-W AVE
Y¹1( 1385) PI F-WAVE
N K¹(890) s F 1 HAVE
N K¹(890)s F3 WAVE

47 Y¹1(2030 ) PART IAL DECAY MODE S

DECAY MASSE S
497+ 939

1115+ 134
1197+ 139
1321+ 497

134+1820
134+1518
134+1 5 18
493+1232
493+ 1232
139+1384
939+ 892
939+ 892

SQRT {P1¹P12}
K-D TO K¹N
K-P TO K¹N

12/79¹
12/79¹
12/ 79¹

REFERENCES FOR Y¹l(2030)

WO HL
TRIPP
BURGUN
DAUM

CONF
SMAR T
MULLER

66 PRL 17 107 C G HOHLs F T SQLMITZs M L STEVENSON (LRL) IJP
67 NP 83 10 + LE ITHs + (LRL sSLAC sCERNs HEIDELs SAGLAY)
68 NP 88 447 +MEYERs PAULI sTALLINI + (SACL+CDEF+RHEL )
68 NP BT 19 +ERNE s LAGNAUX s SE NS s STE UER s UDO {CERN)JP

I RMS THE SPIN-PARITY ASS IGNMENT ~

68 PR 169 1336 W M SMART
69 THES IS sUCRL 19 372 R A MULLER

( LRL) I JP
( LRL)

R12 Y¹1(2030} FROM KBAR N INTO N K¹(890) s F3 HAVE
R12 -0. 12 0»02 CORDEN2 77'
R12 9 +0.04 0.03 GA MERON2 78 D P WA

R12 9 THE UPPER LIMIT ON THE G3 WAVE IS 0 ~ 03»
R12 ~ » ~ ~ ~ ~ ~ ~ ~

R12 AVG MOD 0»095 0 ~ 037 AVERAGE ( ERROR INCLUDE S SCA( E FACTOR OF 2 2)
R12 STUDENT 0 ~ 098 0 ~ 022 AVERAGE USING STUDENT10(H/l»11) —SEE MAIN TEXT

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

47 Y¹1( 2030) BRANCHING RATIOS

(Pl }
66 HBC 0 K-P CH EX 7/66
68 CNTR K-P ELA ~ PQL S IGT 7/70
71 DBC — K- NE UTRON E LAST 1/71
71 DPWA K P TO KBAR N ~ 10/71
75 DPWA 0 K- P TO KBAR N 11/75
77 DPWA KBAR N TO KBAR N 1/78
77 DPWA KBAR N MULTICHNL 1/76

N TOTAL GROSS SECTION

Y¹1(2030) FROM KBAR N I NTQ
{0 20)
+0» 21 0 ~ 01
+0» 2 0 02
+0 ~ 19 0 01
+0 16 0 ~ 03
+0 ~ 20 0 008
+.195 .0 53
+ 18 ~ 02
+.20 01

( 20)
+»20 F 01
+.18 ~ 02

LAMBDA P I
WOHL ee
SMART 68
BERTHCN 70
COX 70
GALT I ER I f 0
LI TCHF I E L 70
DE VENI SH 74
BA ILLCN 75
VA NH QRN 75
BE LL EFON 76
CORD EN T6
RL IC 77

HBC
DPWA
DPWA
DPWA
DP WA

D PWA

I PWA
0PWA
IP WA

DPWA
DP WA

SQRT( Pl&P2)
0 K-P TO LAMBDA P I

K-N TQ LAMBDA P I
0 K-P TO LAMBDA P I

K-N TO LAMBDA PI
0 K-P TO LAPlBDA PI

-0 K-N TO l AMBDA P I
0 F I XED T DI SP REL

K EAR N TO LAM PI
0 K-P TQ LAM P IO
0 K- P TO LA M PI

K — N TQ P I- LAM
KBAR N MULTI CHNL

7/66
6/68
7/70
6/70
7/70
6/70
4/75

11/75
11/75

2/77
2/77
1/76

~ ~ » ~ ~ ~ ~ ~ »

AVERAGE MEANINGLESS t SCALE FACTOR = 1 ~ 0)

Y¹1(2030) INTO ( KBAR N) /TOTA(
(0 25) WD HL

D (0 11) DAUM
0 ' 17 0 04 CAMPBELL
F 18 0 ' 02 LITGHF I E

~ 18 ~ 03 HEMINGWA
( 15} DECLAI 5

24 ~ 02 RL IC
D DAUM 68 ASSUMES ( J+1/2)¹P1 VALUE SEEN I

» ~ » ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 4)

CA MPBELL 71 NP 825 75
LI TCHFI E 7I. NP 830 125
KANE 72 PR D5 1583

DE VENI SH 74 NP 8 81 330
LITCHFI 1 74 NP 874 12
LI TCHF I 2 74 NP 874 19
LITCHFI3 74 NP 874 39

BA IL LQN 75 NP
CORD ENZ 75 NP
HEMI NGWA 75 NP
VA NHORN 7 5 NP

ALSO 75 NP
BELLEFON 76 NP
CORD EN 76 NP

894 39
892 365
891 12
887 145
887 157
8109 129
8104 382

CA MERQN
CORDEN1
CORD EN2
OECLA IS
GOYA L
RL IC
CA ME RON
CAMERQN2

77 NP 8 131 399
77 NP 81Z 5 61
77 NP 812 1 365
77 CERN 77- 16
77 PRD 16 2746
7T NP 8119 362
78 NP 8143 189
78 NP 8146 327

8ERTHQN 70 NP 820 476
BERT HON1 70 NP 824 417
CO X 70 NP 8 19 61
GALT IER I 70 DUKE CONF 173
LI TC HF IE 70 NP 822 269

+RANGANs VRANAs +(GO} FRANCEs RHELs SACLAY) IJP
+VRANAs BUTTERWORTHs + {CDEFs RHELs SAC LAY) I JP
+I SLAMs GQLLEY s + ( BI RMs EDINs GLAS LQIC) IJP
A BARBARO-GALTI E RI ( LRL) I JP
P J LITCHFIELD (RUTHERFORD)IJP

+MORTON s NEGUS s GOYA L s MILLER (GLASs LQIC) I JP
L I TCHF I ELD s» ~ ~ +L ES QUOY s + ~ ~ t RHEL+CDEF+S ACL ) IJ P
D F KANE (LBL) I JP

DEVENI SHsFRQGGATTs MARTIN(DESYs NQRDITAs LCUC )
L I TCHF IELD s HEMINGWAY s BA ILLON s+ (CERN+HEI D) I JP
LITCHFI E(.0 s HEMINGWAY s BA ILl ONs+ (CERN+HEI 0) I JP
LITCHF IELD sHEMINGWAYsBAILLONs+ (CERN+HEID) I JP

P ~ BAI LLQNsP ~ J ~ LITCHFI EL D (CERN s Rl-EL ) I JP
+COX s DARTNE L L s KE NYQN s QNEALE s SUMORQK+ ( BI RM) I JP
HEMINGWAYs EADES ~ HARMSEN+ (CERNsHEIDs MPIM) I JP
A» J ~ VAN HORN (LBL) IJP
A ~ J ~ VAN HORN ( LBL) I JP
OE 8ELLEFONs BERTHON t CDFF ) IJP
+COXsDARTNELLsKENYQN sQNEALEs SUMQRQK+ {8 IRM) I JP

+FRANEKsGOPAL ~ KALMUSs MCPHERSON+ (RHEL+LQIC) I JP
+CQXsKENYDNsONEAl Es STUBBS ~ SUMOROK+ ( 8'IRM) I JP,
+COXsKENYONsQNEALEsSTUBBSsSUMQROK+ (BIRM) I JP
+DUCHQN ~ LOUVELsPATRY sSEGUINOT+ (CAEN+CERN) IJP
D ~ P ~ GOYALs A ~ V» SQDHI (DELHI UNIV ) I JP
GOPAL s ROSS s VAN HORNs MCPHERS ON+ (LOI C+RI-.EL ) I JP
+FRANE K sGO PAL s BACON s BUTTERWORTH+ (RHE L+LCI C ) I JP
+FRANEKs GOPALs KALMUSs MCPHER SON s+(RHEL+LOI C ) I JP

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4

Y¹l(Z030) FROM KBAR N INTO SIGMA PI SQRT (Pl¹P3)
L (-0 09 )

' (0 ~ 02) BERTHQNl 70 DPWA 0 K-P TO SIGMA PI
-0 ~ 052 0 0 10 GALT IERI 70 DPWA 0 K-P TO SIGMA PI
-0» 10 0 ~ 03 LI TCHFIE 71 DPWA K-P TQ SIG PI

L LITCHFIELD 71 IS AN UPDATE OF BERTHQN1 70
-0» 086 0 ~ 014 KANE 72 DPWA 0 K-P TQ P I SI G

A —.09 01 CORD EN1
' 77 K- N TQ P I S IG

8 —~ 06 ~ 01 CORDEN1 77 K- N TO PI SI G

A THE 2 ENTRIES FQR GORDEN177 ARE FRCM 2 DIFFERENT ACCEPTABLE SLTNS
6 (-.085) ( .02) GDYAL 77 DPWA — K- N TO SIG PI
6 THI S CQUPL ING IS EXTRACTED FROM UNNQRMAL IZED CATA»

—~ 15 ~ 03 RLIC 77 D P WA K BAR N MULT IC HNL
» ~ » ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = l»9)

Y¹1 (2030) FROM KBAR N INTO XI K SQRT(P 1¹P4)
(0 ' 05) OR LESS TRIPP 67 RVUE 0 K-P TO XI K

(0 05) OR LESS BURGUN 68 DP WA 0 K-P TO XI K

( 0 023) MULLER 69 DPWA 0

10/70
7/70
3/72
3/72

10/71
11/77
11/77
11/77
1/78
1/78
1/76

8/67
10/69
7/70

MEV REGION —PRODUCTION AM) O'Tp T~
28 Y¹1 (2030 s JPs ) i~ 1 PRODUCT ION EXP ER IMENT S

SEE THE MINI-REVIEW AT THE START OF THE Y¹ LISTINGS.

SEE THE NOTE TQ THE F17 Y¹1(2030) s WHICH PRECEDES THI S
ENTRY HERE WE LIST ONLY PARAMETERS QF PEAKS IN CROSS
SECT IQNS AND INVARIANT-MASS DISTRIBUTIONS. THE CPQSS-

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE Y¹l(2030)s
BUT, MAY CONTAIN A SMALL CONTRIBUTIQN FROM THE SUGGESTED BUT NOT 'ESTAB-
LISHED OTHER RESQNANCES IN THIS REGION ~

R5
R5
R5
R5
R5
R5
R5

R6
R6
R6
R6
R6
Re
R6
Re
R6
R6
R6

R7
R7
R7
R7
R7
R7
R7
R7
R7

Y¹l (2030) FROM KBAR N

1 ~ 18 ~ 04
1 ASSUMES LAMBDA(1815}

~ 14 ~ 02

TO Y¹0 ( 1815) P I P-WA VE SQR T( P 1¹P 5 }
LITCHFI1 74 DPWA 0 K-P TO L (1815)PI 10/74

ELAST IC I TY= 6 10/74
CORDEN2 75 DBC; KBAR PI — NUCLEON ll/75

AVG
STUDENT

0» 148
0» 148

0 ~ 018
0 ~ 020

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT 10(H/1 ~ 11) -- SEE MAIN TEXT

Y¹l (2030) FROM KBAR N TO Y¹0( 1520) PI G-WAVE SQRT( Pl¹P7)
2 ~ 02 02 LITCHFI2 74 DPWA 0 K-P TO L( 1520) PI 10/74
Z ASSUMES LAMBDA(1520). ELASTICITY= 45 10/7 4
5 +0 146 0 10 GAMERON 77 DPWA 0 K-P TQ L(1520) PI 1/78
5 ASSUMES LAMBDA(1520} ELASTICITY 46 ~ THE SIGN IS CHANGED HERE TO 12/79¹
5 BE IN ACCORD WITH THE BARYON-F IRST CONVENTION. 12/79¹

~ » ~ ~ » ~ ~ » ~

0 121 0 ~ 050 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 5 6}
0 ~ 138 0 012 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

A VG

STUDENT

Y¹1(2030) FROM KBAR N TO Y¹0(1520) PI 0-WAVE SQRT(P1¹PS)
2 »14 03 LI TCHFI2 74 DPWA 0 K-P TO L (1520 }PI 10/74
2 ASSUMES LAMBDA(1520) ELASTICITY= ~ 45 1 0/7-4

3 ( ~ 10) ( 03) CQRDEN2 75 DBC — K BAR PI- NUCL EON 11/75
3 UPPER l IMIT 11/75

5 +0 ~ 114 0 10 CAMERQN 77 DPWA 0 K-P TQ L(1520) PI 1/78
5 ASSUMES LAMBDA(1520) ELASTICITY= ~ 46 ~ THE SIGN IS CHANGED HERE TO 12/79¹
5 BE IN ACCORD W ITH THE BARYON-F IRST CONVENTION ~ 12/79¹

~ ~ ~ ~ ~ » ~ ~ ~

A VG 0 ~ 1166 0 ~ 0095 AVERAGE ( ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)
STUDENT 0 116 0.010 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE MAIN TEXT

s

Pl
P2

28 Y¹l(2030) MASS (ME V) ( PROD ~ EXP )

BLANPI ED
BUGG
BR ICMAN
COOL
LU

(2022 0) (20 ~ 0}
2020 ~ 0 7.0
2049. 0 I+ .0
2C25 0 10 0

(2025 ~ 0) (20 0 )
~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS ( SCALE FACTOR = 2 ~ 8)

65 CNTR 0 GAMMA P TQ K+ Y¹
68 CNTR K-P s D TOTAL 6/e8
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K-Ps D TOTAL 10/70
70 C NTR 0 GAMMA P TQ K+ Y¹ 1/71

28 Y¹1(2030} WIDTH (MEV) (PRQO ~ EXP )

( 120.0)
130 0
126 ' 0
165.0
( 80» 0)

( 20 ~ 0 )
10~ 0
11.0

BLANPIED
BUGG
BR I CHAN
COOL
LU

65 CNTR 0
68 CNTR 6/68
70 CNTR 0 TQTAL AND CH EX 6/70
70 CNTR K-Ps 0 TOTAL 10/70
70 CNTR 0 GAMMA P TO K+ Y¹ 1/71

~ ~ ~ ~ ~ ~ ~ » ~

AVERAGE MEANINGLESS (SCALE FACTOR ss 1 ~ 0)

Y¹1(2030) INTO KBAR N

Y¹1(2030) I NTO KBAR N PI

DECAY MASSES
497+ 939
497+ 939+ 139

28 Y¹I( 2030) PARTIAL DECAY MODES (PROD ~ EXP ~ }

R8
RB
R8
RB

R9
R9

R10
R10
R10
R10

Y¹1(2030) FROM KBAR N TO KBAR DELTA(1232) F-WAVE SQRT (Pl¹PS}
F 16 »03 LITCHF I 3 74 DPWA 0 K-P TQ KBAR DEL

3 ( ~ 17} ( 03) CORDEN2 75 DBC — K BAR' PI- NUCL EQN
3 UPPER LIMIT

Y¹1{2 030) FROM KBAR N TO KBAR DELTA(1232) H-WAVE SQRT I P 1¹P9 )
00 02 LI TCHFI3 74 DPWA 0 K-P TQ KBAR DEL

Y¹1(2030) FROM KBAR N TO Y¹1( 1385) PI F —WAVE SQRT (Pl¹P10)
7 + 153 026 CAMERQN 78 DPWA 0 K-P TQ S( 1385)PI
7 THE SIGN I S CHANGED HERE TO BE IN ACCQRD WITH THE BARYON-FIRST
7 CONY ENT IGN

10/74
11/75
11/75

10/74

1/78
12/79¹
12/79¹

Rl
Rl
Rl
Rl
Rl

R2
R2

28 Y¹ 1 {2030) BRANCHING RATIOS ( PROD ~ E XP ~ )

t Pl)

0 TOTAL AN D CH EX
K-P s D TOTAL

Y¹1(2030) INTO KBAR N PI
SEFN BOCK HBC

(P2)

Y¹1{2030) INTO (KBAR N) /TOTAL
THESE VALU ES OF ELAST ICI TI ES ASSUME Jss 7/ 2

0 131 BUGG 68 GNTR
0 ' 27 (0 02} BRICMAN 70 CNTR
0»12 COOL 70 CN TR

6/68
6/70

10/70

Rev. Mod. Phys. , Vol. 52, No. 2, Part ll, April 1980



Particle Data Group: Review of particle properties S265

Data Card Listings Baryons
For notation, see key at front of Listings. &(&O3O). &(SO&0). Z(&080), Z(8100), E(8850)

BLANP IED 65 PRL 14,741
COOL 66 PRL 16 1228

SUPERSEDED BY COOL 70 ~

BU GG 68 P R 168 1466

BR ICMAN 70 PL 318 152
COOL 70 PR D 1 1887
LU 70 PR D2 1846

+GILMGRE )KNIGHTt + (RHELv BIRMtCAVE ) I

+FERRO LUZZI y PERRE AU t+ (CERNsCAENs SACLAY )
+G IACOMELL I g KYC I A g LEONTIC g L I ~ + ( BNL) I
+GREENBERG s HUGHES e MI NEHART r MORI e+ ( YAL E)

REFERENCES FOR Y41(2030) (PROD EXP )

+GREENBERG tHUGHE Sg KITCH ING FLU y+ (YALE(CEA) )
+GIACOMELL I, KYC I A LEONTIC L I L UNDBY + ( BNl ) I

88 Y+ I( 2080) BRANCHING RATIOS

YA I( 2080) F RGM
(-0 ~ 16 )
(-0 09)- ~ 13

13
+. 19

(- ~ 10)
10

LAMBDA PI
COX
L ITCHF IEL
BA ILLGN
BA IL LON
BELLEFQ1
BE LLEF ON
CORD EN

SQRT (Pj+P2)
70 DPWA — K- N TO LAM PI
70 DPHA -0 K- N TO LAM PI
75 IPWA KBAR N TQ LAM PI
75 I P WA K BAR N TQ LAN P I
75 DPWA 0 K- P TO LAM P IO
76 I PWA 0 K- P TO LAM PI
76 DP WA — K- N TO PI — LAM

Rl
Rl
Rl
Rl
Rl 2
Rl
Rl 3
Rl 4 ~ 03
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 2)

6/70
6/70

1 1/75
1/76

jl/75
2/77
2/77

34 Y+ 1(2070' JP=5/2+) I =1 15 RCFERENCES FOR Y+I (2080)

THIS STATE HAS BEEN SUGGESTED BY CNLY ONE PARTIAL
WAVE ANALYSIS ACROSS THIS REGION IT NECDS CONF IRMATION
THE RE SONANCE PROPOSED BY KANE IS TOO BROAD TO
BE USED AS EVIDENCE

34 Y4' j (2070) MASS (MEV)

CGX 70 NP 819 61
LITCHFIE 70 NP 822 269
BA ILLON 75 NP 894 39
BELLEFO1 j5 NP 890 1

BELLEFGN 76 NP 8109 129
CORO EN 76 NP 8 104 382

+I SLAMo COLL EY ~ + ( 8IRMr iED INr GLASSY L CIC ) I JP
P J LITCHFIELD (RUTHERFGRD) IJP
P ~ BAI LLQN I P ~ J L ITCHF IELD ( CERN ~ RHEL ) I JP
DE BELLEFONg BERTHQNy BRUNET+ ( CDEFy SACL ) I JP

DE BELLEFONy BERTHON (CDEF ) I JP
+COX DARTNELL KENYON ~ ONEALE ~ SUMOROK+ ( BIRM) I JP

(2070 )
(2057 ~ 0)

(10~ ) BERTHON1 70 DPWA — K- P TO SIG PI 1/71
KANE 72 DPWA K-P TQ 5 IGMA PI 1/73

26 Y+I (2100' JPw7/2-) Iel

34 Y+ I (2070) 'WIDTH (MEV) SEE THE MINI-REVIEW AT THE START OF THE Y+ LI STINGS

(140 )
( 906 ~ 0)

(20. ) BERTHQN1 70 DPWA — K- P TO SIG PI I/71
KANE 72 DPWA K-P TQ SIGMA PI 1/73

34 Y+ I( 2070) PARTI AL DECAY MODES 26 Y41( 2100) MA 55 ( ME V)

Pl
P2

Y41 (2070) INTO KBAR N

Y41(2 C70) I NTQ SI GMA PI

DEC AY MASS ES
49 7+ 939

1197+ 139

(2C60 0) (20 ~ 0)
(2120 0) ( 30 0 )

GALTIERI 70 DPWA 0 K-P TQ LAMBDA P I 7/70
GALTIERI 70 DPWA 0 K-P TQ SIGMA PI 7/70

34 Y+l(2070) BRANCHING RATIOS
26 Y& j(2100) WIDTH (MEV )

Rj Y+j(2C70) FROM KBAR N TO SIGNA 5QRT ( P 14 P2 )
Rl (+ 12 ) ( ~ 02) BERTHON1 70 DPWA — K- P TO SI G PI 1/71
Rl (+0~ 104) KANE 72 DPWA K-P TG SIGMA PI 1/73

(70 0)
( 135~ 0)

(30 ~ 0 )
( 30 ~ 0)

GALT IERI 70 DPWA 0 K-P TO LAMBDA PI 7/70
GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70

26 Y+ 1 (2100 ) PART IAL DCCAY MODE S

BERT HGN1 70 h)P 824 41 7
KA NE 72 PR D5 15 83

REFERENCES FOR Y)I'j(2070)

+VRANA yBUTTERWORTH p+
D F KANE

(CDEF gRHELp SACLAY) I JP
(LBL)

Pl
P2
P3

Y+ j(2100) I hTO KBAR N

YQ j(2100) I NTO LAMBDA P I
Y&j (2100) INTO SIGMA PI

DECAY MASSE 5
497+ 939

1 115+ 134
1197+ 139

z(2oao) Ill
88 Y+ j(2080 t JP=3/2+) I=j 13
SEE THE MINI-REVIEW AT THE START OF THE YA LISTINGS.

26 Y+1 (2100) BRANCHI NG RATI QS

Rl Y+ I (2 100) FROM KBAR N T 0 LAMBDA P I 5 QRT ( P jAP2)
Rl (-0 F 07) (0 ' 02) GALTIERI 70 DPWA 0 K-P TQ LAMBDA PI 7/70

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL
PARTIAL-WAVE ANALYSES ACROSS THIS REGION ~ UNTIL THERE
I 5 MORE EVIDENCE p WE OMI T THIS STATE FROM THE MAIS
BARYON TABL E

R2
R2

Y4'1( 21 00) F ROM KBAR N TQ SIGNA PI
(+0 ~ 13 ) (0 02) GALTIERI

SQRT (P jP3 )
70 DPWA 0 K P TO SIGMA PI 7/70

REFERENCES FGR Y+j (2100 )

88 Y+ j(2080) MASS ( ME V)
GALT IER I 70 DUKE CONF 173 A BARBARO-GALT I ERI ( LRL) I JP

(2C82 0) (4 ~ 0) COX
(2070 ~ 0) (30 ~ 0) L I TCHF I E L
2120. 40 ~ BA ILLQN

FROM SOLUTIQN 1 OF BAILLON 75 '
2 140m 40. BA ILLGN

FROM SGLUTIQN 2 OF BAILLON 75 ~

2 140' 30 ~ BE LLCF Ql
2070 ~ TG 2120 ~ BELL EFQN

SUPERSEDE S BELLEFOl 75 m

2091 ~ 7 CGRDEN
PREF ERRED SOLUTION 3y 5 EE CORDEN 76 FOR
INCLUDING A D15 AT THI 5 MASS ~

CGRDEN 76 INCLUDES THE DATA OF COX 70 A

M

M

M 1
N 1
M 2
M 2
M

M 3
iM 3
M 4
M

M

M 4
M ~ ~ ~ ~ ~ ~ ~ 0 ~

AVERAGE NEANIN GLESS ( SCALE FAC TGR = 1~ 6)

70 DPWA — K- N TG LAM P I
70 DPWA -0 K- N TQ LAM PI
75 IPWA KBAR N TQ LAM PI

75 I PWA KBAR N TO LAM PI

75 DPWA 0 K- P TQ LAM P IO
76 IPWA 0 K- P TQ LAM PI

76 DP WA — K- N TO P I — LAM
OTHER PQSSIBl ILITESp

5 A SUBSAMPLE e

6/70
6/70

11/75
1/76
1/76
1/76

11/75
2/77
2/77
2/77
2/77
2/77

48 Y+ I (22 50 g JP= ) I=1 PRODUCT IGN EXP ERINENT5

SEE THE MINI-REVIEW AT THE START OF THE YA LISTINGS

THE PART IAL-WAVE ANALY SIS RE SULT5. ARE TOQ WEAK TG
WARRANT SEPARATI NG THEM FROM T HE PRODUCT IQN AND CROSS-
SECTION EXPERIMENTS

LASINSKI 71 IN KBAR Ny US ING A PQNERON+RESONANCES MODELS AND
BELLEFON1 76' BELLEFQN 77e AND BELLEFGN 78 (COLLEGE DE FRANCE-
SACLAY GROUP ) IN DPWA '5 OF KBAR N TO LAMBDA PI ~ SIGMA PI i AND KBAR Ne
RESPECTI VELY e SUGGEST THE PRESENCE OF TWG RESONANCES AROUND THI 5
MAS S VALUE ~

88 Y4 I (2080) WI DTH (MEV) 48 Y4j(2250) MASS (MEV) (PROD ~ EXP ~ )

(20 ~ 0 )
( 40» 0)
50.
50.
20 '

(87 ' 0)
( 250~ 0)

240 ~

200 o

1 80.
(100 ' )

186+

W

W

W 1
W 2
W

W 3
W 4 48 ~

H 0 ~ ~ ~ 0 ~ ~ ~ ~

W AVERAGE MEANINCLESS (SCALE

COX
LITCHFIEL
BA I L LON
BA ILLON
BELLEFO1
BELL EFCN
CORD EN

FACTOR & 1 ~ 0)

70 DPWA — K- N TC LAM PI
70 DPWA -0 K- N TQ LAN P I
75 I P WA KBAR N TG LAM PI
75 IPWA KBAR N TG LAM PI
75 DPWA 0 K- P TG LAM PIO
76 I PWA 0 K — P TQ LAM PI
76 DPWA — K- N TQ P I- LAM

Pj
P2

Y& I ( 2080) liNTO KBAR N

Y~j(2080) INTO LAMBDA PI

DECAY MA SSES
497+ 939

1115+ 139

88 Y+1(2080) PARTIAL DECAY MODES

6/70
6/70

11/75
1/76

11/75
2 /77
2/77

M

M

M

M

M

M

M

M 8
M 8
M 8
M 1
M V
M V
M 2
M 2
M 2
M

M

M

M

M

M AV

(2245 0) BLANPI ED 65
( 2299 0) (6 ~ 0) BOCK 65
2250 0 7 0 8 UGG 68
2280 ~ 14 0 AGU ILAR 70
2237 ~ 0 11~ 0 BRICMAN 70
2255 ~ 0 10 ~ 0 COOL 70

(2250 ~ 0) (20 ~ 0 ) LU 70
( 2260 ~ ) ( 30~ ) BELL EFQ1 75
(2215 ~ ) (10 ) BELLEF01 75

EVIDENCE FOR 2 RESONANCES IN THIS LAMBDA P
2300 ~ 30 ' BELLEFO2 75
2251 ~ 30 ~ 20 ~ V ANHORN 7 5

VANHORN72 VALUE FROM A DPWA THAT F INDS J
(2260 ) BELLEFON 76
(2215, ) BELL EFON 76

SUPERSEDES BELL EFO 1 75 ~

2275 ~ 20 ~

2215 20 ~

2270 50
2210 ~ 30 ~

~ ~ ~ ~ ~ ~ ~ t ~

ERAGE MEANINGLESS (SCALE FACTOR = 1 4)

CNTR
HBC
CNTR
HBC +
CNTR 0
CN TR
CNTR 0
DPWA
0PWA

I 0PWA
HBC 0
DPWA 0

P=5/2+~
I P'WA 0
IPWA 0

DPWA 0 D5 WA VE
DPWA 0 G9 WAVE
DPWA 0 D5 WAVE
DP WA 0 G9 WAVE

GAMMA P TO K+ Y+
P BAR P 5 ~ 7 BEV/C
K-Pg D TOTAL
K- 3 ~ 9-4 6 GE V/C
TOTAL AND CH EX
K-P e D TOTAL
G AMMA P TO K+ Y+
D5 HAVE
G9 OR Hl 1 WAVE

K- P TO X I 4'0 KO
K-P TO LAN PID

D5 WA VE
G9 WAVE

6/68
5/70
6/70

10/70
1/71

11/75
11/75
11/75
11/75
11/75

2/77
2/77
2/77

11/77
11/77

1/78
1/78
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S266 particle Data Group: Review of particle properties

Baryons
z(aaso), z(a4ss), z(a6~o)

Data Card Listings
For notation, see key at front of Listings.

48 Y4' 1( 2250) WI DTH (MEV) {PROD EXP )

( 150~ 0)
( 21» 0)
230 ' 0
100~ 0
164 ~ 0

( 170 0)
( 125 ~ 0)
(100. )

(60. )
130.
192.

( 100» )
( 140 ~ )

70.
60.

120»
80.

H

W

W

W

W

W

H 8
W 8

1
W V

W 2
W 2
W

H

W

H

W

W

~ »» 0
AVERAGE MEAN INGLE

SEE TH

( 17.0)
20 ~ 0
20 0
50 0

{20.}
(40.}
20 ~

30 ~

20 ~

20 ~

40 '
20 '

BLANP I ED
( 21 ~ 0} BOCK

BU GG
AGUI{ AR
BRIC MAN

COOL
LU
BELLEF01

(20 ) BELLEF01
BELLEF 02
VANHQRN
BELLEFON
BELLEFON
BELL EFON
BE LLEF ON
8 ELL EF ON

BE LLEF ON

65 CNTR
e5 HBC
68 CNTR
70 HBC +
70 CNIR 0
70 CN IR
70 CNTR 0
75 DPHA
75 0PHA
75 HBC 0
75 DPHA 0
76 I PWA 0
76 I PHA 0
77 DPWA 0
77 DPWA 0
78 DPHA 0
78 DPHA 0

GAMMA P TQ K+ Y+
P BAR P 5 7 GEV/C
K-P p D TOTAL
K — 3»9-4 ~ 6 GEV/C
TOTAL AND CH EX
K-Pg D TOTAL
GAMMA P TQ K+ Y+
D 5 HAVE
G9 OR Hll WAVE
K- P TO X I+0 KO
K —P TO LAM P I 0
05 WAVE
G9 HA VE
05 WAVE
G9 NAVE
05 WAVE
G9 NAVE»»» ~

SS (SCALE FACTOR ~ 2 7)
E NOTES ACCOMPANYING THE MASSES QUOTED

6/68
5/70
6/70

10/70
1/71

11/75
11/75
11/7&
11/75
2/77
2/77

11/77
11/77

1/78
1/78

(z 84ss '

53 Y I ( 2455~ JP~ } I~ 1 PRODUCT ION EXP E R I ME NI S

53 Y+ 1( 2455 j MA SS ( ME V) (PROD EXP )

2455. 0
2455 ' 0

7 ~ 0
10 ~ 0

BUGG 68 CNTR K-Pg D TOTAL
ABRAMS 70 CNIR K-P g 0 TOTAL

6/68
10/70

~ ~ » ~

A VG 2455 ~ 0
STUDENT 2455. 0

~ ~ ~ ~ ~

5 ~ 7
6 ~ 1

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10{H/1 ~ 11} -- SEE MAIN TEXT

53 Y+1{2455} WIDTH (MEV) (PROD ~ EXP )

SEE THE MINI-REVIEW AT THE START OF THE W LI STI NGS
THERE IS ALSO SOME SLIGHT EV I DENCE FOR Y+ STATES IN

THIS MASS REGION FROM THE REACTION GAMMA + P TO K+ + MI SSING MASS
SEE GREEN BERG 68 ~

48 Y41(2250 ) PART IAL DECAY MODES (PROD ~ EXP ~ )

100 0
140 ~ 0

20 0 BUGG e8 CNTR
ABRAMS 70 CNTR K-Pv D TOTAL

6/68
10/70

Pl
P2
P3
P4
P5

Y&1{2250} I NTO KBAR N

Y+I(2250) INTO LAMBDA P I
Y+I (22 50) I NTQ SI GMA P I
Y& 1( 2250} I NTO KBAR N P I
Y+1( 22 50) INTO XI +1/2( 1 530) K

DECAY MA SSE S
49 7+ 939

1115+ 134
1197+ 139
497+ 939+ 139

1533+ 497 Pl Y&1(2455} I NTQ KBAR N

DECAY MASSES
497+ 939

53 Y&1(2455} PARTIAL DECAY MODES (PROD EXP )

48 Y+1 (2250 } BRANCHING RAT I OS ( PRCD EX P ~ }

Rl
Rl
Rl
Rl
Rl

Y»{' 1 ( 2 2 50 ) I NT 0 '( K 8A R N }/ T OT A L.08 .02
02 01

(Pl)
BELLEFQN 78 DPHA 0 D5 WAVE
BELLEFON 78 DPWA 0 G9 WAVE

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLE SS ( SCALE FACTOR = 2 7)

R2
R2
R2 8
R2 8
R2 V

R2 2
R2

YCI (2250) F ROM KBAR N TO LAMBDA P I SQRT (P 1&P2}
(-0 ~ 18 )( FOR JP =9/2- ) GALT IERI 70 DPHA K-P TO LAMBDA P I

(+.12 ) (.03) BELL EF01 75 DP WA D 5 WA VE
( —~ 09} (»02) BELL EFQl. 75 0 PWA G9 OR Hl 1 HAV E
—.16 ~ 03 VANHQRN 75 DPHA 0 K —P TO LAM PIO

(+.11) BELLEFON 76 IPHA 0 D5 WAVE
(- ~ 10) BELLEFON 76 IPHA 0 G9 HAVE

SEE THE NOT ES ACCOMPANYING THE MASSES QUOTED

I /78
1/78

10/70
11/75
11/75
11/75
2/77
2/77

53 Y+1{2455) BRANCHING RATIOS ( PROD EXP. }

Rl
Rl
Rl
Rl
Rl C
Rl C
Rl C

REFERENCES FOR Y+I (2455) (PROD EXP ~ )

BUGG 68 PR 168 1466
ABRAMS 70 PR 1D 1917
BRIC MAN 70 PL 31 8 152

+G ILMOREg KNIGHTS + (RHELv BIRMr CAVE ) I
+COOL t GIACQME LLI v KYC I Av LEONT I Cv + ( BNL ) I
+FERRO LUZZI y PERREAUy+ (CERNyCAENy SACLAY)

Y+1(2455) INTO (KBAR N} /TQTA{ (Pl}
J IS NOT KNOWN ~ THE FOLLOWING IS ( J+I/2)+Pl

(0.3) BUGG 68 CNTR
0.39 ABRAMS 70 CNTR K-P g D TOTAL

(0 05) (0 ~ 05} BRICMAN 70 CNTR 0 TOTAL AND CH EX
F IT OF TOTAL CROSS SECTION GI VEN BY BRI CMAN 70 IS POOR IN
THIS REGION

6/68
10/70
6/70

R3
R3
R3
R3
R3
R3

Y&i (2250} FROM KBAR N TO SIGMA PI
(+O»07)(FOR JP=9/2 —} GALT IER I

+ 06 02 BELL EFQN
—~ 03 02 BELL EFQN

~ ~ ~ ~ ~ ~ » ~ ~

AVERAGE MEANINGLESS ( SCALE FACTOR =- 1 ~ 1 }

SQRT (Pl+P3 }
70 DPHA K-P TO SIGMA PI 10/70
77 DPWA 0 D5 HAVE 11/77
77 DPHA 0 G9 HAVE 11/77

ABRAMS 67 PRt 19 678
SUP ERSEDED BY ABRAMS 70

GREENBER 68 PRL 20 221

PAPERS NOT REFERRED TO IN DATA CARDS
+COO( g GI ACQMELLIg KYC IAt LEQNT ICAL I g + ( BNL}

GREENBERGg HUGHES' LUy MINEHARI, + (YALE)

R4
R4

R5
R5

YWI(2250) I NTQ (KBAR N) /( SIGMA PI }
{0 18) OR LESS BARN ES

Y&I(2250) INTO (LAMBDA PI) /(SIGMA PI )
(0 18) OR LESS BARN ES

(Pl )/(P3)
69 HBC + 1 STAN DE V LI MI T 10/69

(P2) /(P3}
69 HBC + I STAN DE V LI MI I 10/69

54 Y+1(2620' JP~ ) I~1 PRODUCT ION EXPERIMENTS

S EE THE MINI-REV IEW AT THE START OF' THE Yi{' ( I STI NGS»

R6 Y&I (2250) FROM K- P TO XI+I/2( 1530) 0 KO SQRT (Pl +P5 ) 11/75
R6 1 09 ~ 02 BELL EF02 75 HBC 0 K- P TO XI x'0 KO 11/75
R6 1 SEEN IN DD5 HAVE IN NEUTRAL CHANNEL ONLY' I SQSPIN UNDETERMINED ll/75

R7
R7
R7
R7
R7

Y&1(2250) I NTO (KBAR N) /TOTAL
J IS NOT DETERMINED IN THE SE EXP IS

(0 ~ 47 ) BUGG
(O. le) {0.12) BRICMAN
(0.42 j CQQL

(J+1/2)+(P 1}
THE FOLLOW {NG IS ( J+I /2}+Pl .

68 CN TR
70 CNTR 0 TOTAL AND CH EX
70 CNTR K —P, 0 IGl AL

3/78
3/ 78
3/78

54 Y41(2620} MASS (MEV) (PROD. EXP )

2620 ~ 0 15 0 ABRAMS 70 CN TR K-P g D TOTAL
M 2542 ~ 22 ' DI BIANCA 75 DBC X I K PI
M \ ~ ~ ~ ~ ~ ~ » ~

M AVERAGE MEANINGLESS (SCALE FACTOR K 2 ~ 9)

10/70
1/76

8LANP I E 0 65 P RL 14 741
BOCK 65 PL l.7 166
BUGG e8 PR 168 1466
BARN ES 69 P RL 22 479

REFERENCES FOR Y+1{2250} { PROD» EXP )
+GREENBERGgHUGHE SAKI TCHINGg + (YALE(CEA) )
+COOPERS FRENCHY KINSQNy + (CERN' SACLAY)
+GI LMORE & KNIGHTs + {RHELg 8IRM» CAVE ) I
+FLAM INIQ gMQNTANET, SAMI OS + ( BNL+SYRA)

( 175 ~ 0)
2?1 81

ABRAMS 70 CNIR K-P t D TOTAL
DI BIANCA 75 DBC XI K PI

54 Y+I(2620) WIDTH (ME V) ( PROD ~ EXP. )

10/70
1/76

AGUILAR 70 PRL 25 58
BRIC MAN 70 PL 318 152
CCOL 70 P R D 1 1887
GALT IERI 70 DUKE CONF
LU 70 P R D2 1846

BELLEF01 75 NP 890 1
BELLEF02 75 NC 28A 289
V ANHORN 75 NP 887 145

ALSO 75 NP 887 157

DE BELLEF02s BERTHON ~ BRUNET+
DE BELLEF02g BERTHONg BILLQI R+
A J VAN HORN
A ~ J ~ VAN HORN

(CDEF+SACL) I JP
(CDEFg SACL }

( LBL) I JP
( LBL) I JP

AGUILAR —BENI TEZ ~ BARNES t + ( BNL y SYRA)
+FERRO LUZZIt PERREAU ~ + (CERNtCAENe SACLAY)
+GIACOMELLI g KYCI Ag LEONTICt L Ip + ( BNL ) I
A BARBARO-GALTI ERI (LRL} I JP
+GREENBERGg HUGHES' MIN EHART g MOR I g+ ( YALE )

Pl Y+I{2620) I NTO KBAR N

DECAY MASSE S
497+ 939

54 Y+1(2620) BRANCHING RATIOS (PROD EXP )

54 Y&1(2620) PARTIAL DECAY MODES ( PROD ~ EXP ~ }

BELL EFQN 76 NP 8109 129
BELLEFON 77 NC 37A 175
BELLEFQN 78 NC 42A 403

DE BELLEFONg BERTHON
DE BELL EFON BERTHON 8 ILLQI R+
+BERTHQNgB ILLQIR gBRUNET+

(COEF ) I JP
(CDEF+SACL }IJP
(CDEF+SACL } I JP

Rl Y 41 ( 2620 I IINTO (KBAR N) /TOTAL (Pl}
Rl J I S NOT KNOWN. THE FOLLOW ING IS (J+1/2 }+P1 ~

Rl {0 32) ABRAMS 70 CNTR K-Pg D TOTAL 10/70
Rl 0.36 0.12 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70

COOL 66 P RL 16 1228
SUPEREDED BY CQQL 70

DAUBER 66 PL 23 154
SUGGESTS- J&9/2 RESONANT

INCONS ISTENT NI IH
DA UM 68 NP 87 19
LA SI NSK I 71 NP 829 125
HEMI NGW A 75 NP 891 12

PAPERS NQT REFERRED TQ IN DATA CARDS

+GIACQMELLI KYCI A LEONI IC LI LUNDBY + ( BNL) I

Rp UDO (CERN) JP
(EF I )I JP

{CERNpHEIDpMPIM) IJP

+SCHLE IN g SLATER p STORKS TICHO (UCLA( LRL) ) J
BEHAVIOR IN SI GMA- Pl+g BUT APPEARS
PA RA ME TE R S QF COOL 66 ~

+ERNE' LAGNAUXp SENSg STEUE
T A {ASI NSKI
HEMINGWA Yp EADE Sg HARMSE N~

ABRAM S 67 PRL 19 678
SUPERSEDED BY ABRAMS 70

ABRAMS 70 PR 1D 1917
BRI CMAN 70 P L 318 152

DI BI ANCA 75 NP 898 137

REFERENCES FOR Y+1(2620) (PROD EXP }

+COOLgGIACQMELLIg KYC IA» LEONT IC»L Ig + ( BNL )

+COOL ~ GIACOMELL I ~ KYCI Ay LEQNTICp + ( BNL } I
+F ERRQ LUZZI g PERREAUp+ ( CERN' CAEN, 5 ACLAY )

DI BI ANCAt ENDORFR
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Data Card Listings
For notation, see key at front of Listings.

Baryons
Z(3000), K{3170), EXOTIC HYPERONS, "'s

z(3ooo)
BUMPS

59 Y+ 1( 3000 g JP= ) I =1 PRODUCT ION EX PERIMENTS

SEE THE MINI-REVIEW AT THE START OF THE Y& LISTINGS

ENHANCEMENT IN LAMBDA P I AND KBAR N INVARIANT MASS
SPECTRA AND IN MISSI NG MASS OF NEUTRALS RECOIL ING
AGAINST KO EVI DENCE NOT CONCLUSIVE ~ OMI TTED FROM
TABLE

GALTIER I 68 PRL 21 573
BRIEF EL 75 PRO 12 1859
KA TSOUF I 78 P RD 18 16

REFERENCES FOR E XOTI C HYPE RONS

A ~ BARBARO-GALTIERI e CHADWICK + (LRL+SLAC )
+GOURE VITCH KI RSCH+ {BRAN+UMD+SYRA+TVFTl I
KATSOUFISt CANTER' MANNt SCHNEPS+ (TUFT+BRAN) I

( 3000 ~ 0)

59 Y&1{3000) MA SS {ME V) ( PROD ~ E XP )

EHRLICH 66 HBC 0 PI-P 7 ~ 91 BEV/C 9/66

59 Y+1(3000) PARTIAL DECAY MODES (PROD ~ EXP ~ 1

Note on - Resonances

The —" resonance situation has long been

unsettled. This is mainly because: (1) =*'s can

Pl
P2

Y&1(3000) I KTO KBAR N

Y&1(30001 I NTO LAMBDA P I

DECAY MASSES
497+ 939

1115+ 139

REFERENCES FOR Y+l{3000) (PROD EXP 1

only- be produced as part of a final state,
~*

K p ~ = + others, where the analysis is more
I

complicated than if direct formation were possible;
EHRl ICH 66 PR 152 1194 R EHRL

ICHOR

W SELOVEg H YUTA (PENN(BNL) ) I

x(31vo)
BUMPS

118 Y+1(3170' JP ) I~ 1 PRODUCT ION EXPERIMENTS

SEEN BY AMIRZADEH1 79 AS A NARROW 6 5 STD ~ DEV ~

ENHANCEMENT IN THE REACTION K-P --& Y& P I- USING DATA
FROM T WO I NOEP ENDENT HI GH STAT I ST IC S BUBBLE CHAMBER
EXP ER IMENTS AT 8 ~ 25 AND 6 ~ 5 G EV/C ~ THE DOMINANT DECA Y

MODE S ARE I NTO MULTI-BODY g MULTI-STRANGE F INAL STATES
AND THE PRODUCTION IS VIA I=3/2 BARYON EXCHANGE I=1
IS FAVORED
IN NEED OF CONFIRMATION. OMITTED FROM TABLES

118 Y+1 (3170 ) MASS {MEV ) ( PROD ~ EXP ~ )

35 3170 ~ 5i AMIRZA01 79 HBC + K-P TO Y+ PI- 12/79~

W C
W C

118 Y+ 1(3170) WIDTH {ME V) ( PROD+ EXP ~ )

35 (20 1 OR LESS AM IRZADl 79 HBC + K-P TO Ye PI-
QBSERVEO WIDTH CON SI STENT WITH EXPERIMENTAL RESOLUTI ON

12/79)I'

Pl
P2
P3

1 18 Y+ 1{3170 ) PART IAL DECAY MODES {PROD ~ EXP ~ )

OEC AY MA SSE S
Y~l(3170) INTO LAMBDA K KBAR + PIONS
YAI(3170) INTO SIGMA K KBAR + PIONS
Y+1(3170) INTO X I K + P IONS

118 Y& 1( 3170) BRANCHING RATIOS ( P ROO ~ EX P 1

Rl Y&1(3170) INTO LAMBOA K KBAR + PICNS
.Rl SEEN AMIRZAO1 79 HBC

{Pl)
+ K-P TO Y+ PI- 12/79+

R3
R3

Y&1( 3170) INTO XI K + PIONS (P3)
SEEN AMIRZAD1 79 HBC + K-P TO Y+ PI- 12/79+

REFERENCES FOR Y&l (3170) (PROD ~ EXP ~ )

AM I RZAD 1 79 PL 898 125 RMIRZAOEH+ {B IRM+CERN+GLAS+MSU+LPNP+CAVE+) I

R2 Y&1{3170) INTO SIGMA K KBAR + PIONS (P2) .

R2 SEEN AMIRZAD1 79 HBC + K-P TO Y+ PI — 12/79+

(2) they are so-produced with small cross sections
(typically a few pb); and (3) the final states are
in general topologically complicated and di ff icult
to study with purely electronic techniques. Thus

over the years our knowledge of = spectroscopy
has come wholly from bubble chamber experiments,
where the number of events available are small.

Until fairly recently only the "(1530) could
be considered as really well established. However,

1the 1978 edition of this review saw a significant
improvement in our understanding of the =* spectrum

with the data of GAY 76 and HENINGNAY 77. The

"(1820) and "(2030) were definitely established as
narrow states (with widths -20 NeU), and the spin
of the =(1820) was determined to be 3/2 (TEODORO 77).

As far . as the other "* states are concerned,
the situation continues much as before, although
there is some evidence for a new =(2370) (ANIRZADEH2

79). There is probably at least one other state in
the 1850-2000 NeV region and there are indications
of several others above 2000 NeV. Indeed, numerous

states are predicted to exist below 2500 NeV and the
2broad = (1940) could well be a mixture of several.

EXOTIC HYPERON CROSS SECTION L&MTTS

31. EXOTIC HYPERON CROSS SECTION LIMITS

THIS IS NOT A COMPLETE LISTS WE TABULATE
ONLY F ROM 1970 ON ~

2 87 G EV/C

K-0

2 ~ 87 G EV/C

CS UNITS M ICROBARNS
CS G {20 ~ ) OR LESS GALT IERI 68 DBC -- K-N TO SG-PI-PI 0
CS G ABOVE LIMIT FOR MASS & 2 15 GEV AND WIDTH & 60 MEV- (2 1 GEV/C K-)
CS A (40 ~ 1 OR LESS GALT IERI 68 DBC -- K-N TO SG-PI-P I 0
CS A ABOVE LIMI T FOR MAS S & 2 3 GEV AND W I 0TH & 120 MEV- (2 7 GEV/C K- )
CS X (4 7) OR LESS CL= ~ 90 BRIEFEL 75 DBC -- K-0 2 ~ 87 GEV/C
CS X WIDTH & 40 MEV ~ K-N —& (X I- P I-) K+
CS Y (I ~ 4) OR LESS CL= ~ 90 BRIEFEL 75 DBC -- K-0
CS Y WIDTH & 40 MEV. K-N --& {XI- PI- PIC) K+
CS Z (5 ~ 41 OR LESS CL= 90 BRIEFEL 75 DBC -- 2 ~ 87 GEV/C
CS Z W IOT H & 60 MF V. K-N -- & (XI- PI-) K+ PI 0
CS 8 (8 + 6 ) QR LESS CL= «90 KRTSOVF I 78 DBC -- K-D 2 ~ 87 GEV/C
CS 8 WIDTH & 60 ME V ~ K-N --& (SIGMA- PI-) PI+
CS C (13-3) OR LESS CL=. 90 . KATSOUF I 78 DBC -- K-0 2 ~ 87 GEV/C
CS C WIDTH & 120 MEV K-N --& (SIGMA- PI-) PI+
CS 0 {6 9) OR LESS CL= 90 KATSQUF I 78 DBC r — K-0 2 ~ 87 GEV/C
CS 0 MASS & 2 GEV ~ WIDTH & 60 MEV ~ K-N —& (SIGMA- PI-) P I+
CS E (7.7) OR LCSS Cl = ~ 90 KATSOUFI 78 DBC -- K-0 2 ~ 87 GEV/C
CS E MASS & 2 GEV ~ WIDTH & 120 MEV. K-N --& ( SI GMA- PI —) PI+
CS F ( 17 ~ ) O'R LESS CL 90 KATSOUF I 78 OBC -- K-0 2 ~ 87 GEV/C
CS F WIDTH & 60 MEV~ K-N --& ( SIGMA- PI — PIG) PI+
CS H ( 23 ~ ) OR L ESS CL= 90 KATSOUF I 78 DBC -- K-0
CS H WIDTH & 120 MEV K-N --& (SIGMA- PI- PIO) PI+
CS I ( 28m 1 OR L ES S CL= 90 KATSQUF I 78 DBC -- K-D 2 ~ 87 G EV/C
C I WIDTH & 80 MEV ~ K-N --& {SIGMA- PI-1 P I- P IO

7/70
7/70
7/70
7/70
3/79~

3/79+

3/79+

3/79+

3/79+

3/79+

3/79+

3/79+

3/79*

3/79+

Thus for the time being, we are still forced to
group tog'ether rather di sparate observations and

await. more new results. The disagreement among

various experiments is indicated by means of
ideograms in the Data Card Listings.

Nore new results may shortly be forthcoming
from two large bubble chamber experiments currently
in progress (NORRIS 75, AMIRZADEH2 79). In addition,
future experiments with the MPS at BNL and with

3
hyperon beams at both FNAL and CERN may further
clarify the situation.

The table following this note gives our evalu-
ation of the status of the " resonances, based on

data available at. this time.
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Baryons
=-', =--. =-', =-(153O)

Data Card Listings
For notation, see key at front of Listings.

References

1. Particle Data Group, Phys. Lett. 75B, 1 (1978) .
2. R.J.Hemingway, Proc. of the Topical Conference

on Baryon Resonances, Oxford, 1976, edited by

R.T. Ross and D. H. Saxon (Science Research Council,

Chilton) .
3. N. Bourquin et al. , Nucl. Phys. B153, 13 (1979).
For other references see the Data Card Listings.

MO NEUTRAL CHARGE
HO 76 1528 ~ 7
HD 59 1531 4
MO 1262 1532 ~ 0
MO 324 1 531 3
MO 286 1532 ~ 3
MO 1533 0
HO 97 ( 1 533 e 6 )
MO 1532 2
MO 80 (1527 )
MO 100( 1535~ )
H0 4 4 ~ ~

MO A VG 1 531 ~ 78
MO STUDENT1531. 84
MO F IT 1531~ 80

ONLY
1 .'1
0 ~ 8
0.4
0 ~ 6
0 ~ 7
1 0

(1 4)
~ 7

(6 ~ )
(4 )

LONDON
BA DI ER
BALTAY
BQRENSTE I
KI RS CH

ROS52
B ERT HQN

BELL EFO2
SI XEL
SIXEL

66 HBC
72 HBC
72 HBC
72 HBC
72 H BC

73 HBC
74 HBC
75 HBC
79 HBC
79 HBC

0 K—P 2 24 GEV/C
0 K-P AT 3 ~ 9 5GEV/C
0 K-P 1 75 GEV
0 K —P 2 ~ 2GE V/C
0 K-P 2.87GEV/C

X I KBAR P I ( PI )
0 QUASI 2 BODY CS
0 K-P. TQ XI — K PI
0 I NCL. K-P 10 GE V
0 I NCL K-P 16 GE V

7/66
10/71
1/73
2/72
2/7 2
2/74

10/74
ll/75

1 /80¹
1/8 0*

~ ~ ~ I ~

0 34
0 ~ 28
0 31
(SFE

WEIGHTED AVERAGE = 1531.7Ei + 0.34
ERROR SCALED BY 1.4

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1.4)
AVERAGE USI NG STUDENT10 (H/1 ~ 11) —— SEE MAIN TEXT

FROM F IT ( ERROR INCLUDE 5 SCALE FACTOR OF 1 ~ 3)
ID EOGRAH BELOW )

STATUS OF XI¹ RESONANCES
THOSE W ITH AN OVERALL STATUS OF ¹¹¹ QR ¹¹¹¹ ARE INCLUDED IN THE HAI N BARYON
TABLE. THE OTHERS AWAIT CONF IRHAT ION.
IN THE PAST WE HAVE LOWERED QUR STANDARDS FQR XI¹ RESONANCES AND TABULATED
STATES EVEN T(OUGH THEY HAD ONLY BEEN SEEN AT LQW LEVELS OF STATISTICAL
SIGNIFICANCE ~ NQW THAT NEW HIGH STATISTICS DATA IS BE(QMING AVAILABLE~ WE
PROPOSE ' TQ A COPT SOMEWHAT STRICTER CRI TER I A ~

STATUS AS SEEN IN

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, gx,
and scale factor, which are differ-
ent from the values shown here.

X I (1317) Pl 1
XI ( 1530) P13
XI( 1630)
XI(1680)
XI( 1820) 13
XI(1940)
XI(2030) 1
XI(2120)
X I (2250 )
X I ( 2370) 1
XI(2500)

WEAK TQ LAM P I

3—BODY DECAYS
3—BODY DECAYS
3-8 QDY DEC AY 5

OVERALL
PART ICLE LI J STATUS XI PI LAM K SIG K XI¹ PI OTHER CHANNELS

1526 1530 1534
XI&1&2 ( 1530) 0 MASS ( f1EU )

75 HBC
73 HBC
72 HBC
72 HBC
72 HBC
72 HBC
66 HBC

1538

BEl LEFO2
ROSS2

. KIRSCH
ORENSTEI
ALTAY
ADIER
ONDON

CHISQ
0.4

1.5
0.5
0.6
0.3
0.2
7.9

11.4
(CONLEU
=0 ~ 077)

GQQD y C LE AR y A ND UNMI STAKABL E
GQQD~ BUT IN NEED OF CLARIF ICATIQN QR NQT ABSQf VTELY CERTAIN
NF EDS C CNF I RMAT ION
WEAK

I=1/2 HYPERON STATES (-")

D

D R
D

0
D R

D R
D

0 AVG
D STUDENT
D F IT

49 ( XI¹-) — ( XI¹0) MASS DIFFERENCE ( HE V)

3 ~ 0
4.0 i
3 ~ 2
1.0
1 8)
TH DA TA

PJERRQU 65 HBC
LONDON 66 HBC
MERR ILL 66 HBC
BALTAY 72 HBC
KIRSCH 72 HBC

IN MASS LISTING.

-0 1 ~ 8-1 ~ 95 GEV/C
—0 2 24 GEV/C-0 1 7-2 ~ 7 GE V/C
—0 K —P 1 75 GEV
—0 K — P 2 87 GEV/C

7/66
7/66
7/66
1/73
2/72

~ ~ ~

0.91 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
0 99 AVERAGE USI NG STUOENT10(H/1 ~ 11) -- SEE MAIN TEXT
0 ~ 64 FROM FIT ( ERRCR INCLUDES SCALE FACTOR OF 1 ~ 0)

49 XI¹1/2( 1 530) WIDTH (ME V)
22 XI —( 1321 g JP=1/2 ) I=1 /2

SEE STABLE PARTICLE DATA CARD L ISTINGS
W MIXED CHARGES
W 20 (35 ) OR LESS BERTANZA 62 HBC -0 K —P 2 ~ 3 GEV/C

¹¹¹¹¹¹¹¹¹
23 XI 0( 1314' JP=1 /2 ) I =I/2

5EE STABLE PARTICLE DATA CARD LISTINGS

NIEGATI VE
W-
W—

W-
W-
W-
W- A VG
W- STUDENT

CHARG
7 8

16 2
8 3
9 6

~ 0 ~

10~1
10.0

E ONLY
3 ~ 5
4 ~ 6
3»6
2 ~ 8

~ ~ ~ ~ ~

1 9
2.1

7. 8 BALTAY 72 HBC — K —P 1 75 G EV 1/73
KI RSCH 72 HBC — X I- PION XI 0 P I — 2/72
RQ552 73 HBC — X I KBAR PI (PI ) 2/74
BELL EFQ2 75 HBC — K —P TQ XI — K P I 11/75

AVERAGE (FRRQR INCLUDES SCALE FACTOR QF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ ll) -- SEE HAIN TEXT

~ ( j 530) i 9 XI +ll2( 1530, JP=3l2+& 1=1/2

THI S I 5 THE ONLY WELL-ESTABLISHED XI¹ WHOSE PROPERTIES
ARE ALL AT LEAST REASONABLY WELL-KNOWN ~ SPIN-PARITY
3/2+ IS FAVOURED BY THE DATA.

'WE DO NQT USE DET ERMINAT IQNS OF THE MASS AND THE WIDTH OF THI 5
STATE UNLESS THEY ARE ACCOMPANIED BY SCME DISCUSS ION OF SYSTEMATICS
AND

RESOLUTION�.

49 Xi ¹1/2 (1530) MASS (MEV )

WO NEUTRAL
WO

WO

WO

WO

WO

WO

WO

WO

WO

WO R 80
WO R 100
W0

WO AVG
WO 5 TUDENT
20 R EXP

C HARG E

7 0
7 ~ 0
8 ' 5

11.0
9 0
8 ~ 4

11~ 09.1
9+5

(19 ' )
(14. )

ONLY
2
7
3
2
0
1
1
2
1

(6
(5

.0.0
5.0

~ 7

.8
~ 4
~ 2
~ ).)

SCHLE IN 63
BERG E 66
LONDON 66
BADI ER 72
BALTAY 72
BOR ENS T E I 72
KI RSCH 72
F0552 73
BELL EF Q2 75
SI XEL 79
SIXEL 79

HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC

0 1.8g 1 95 GEV/C
0 1.5-1 ~ 7 GEV/C
0 2.24 GEV/C.
0 K-P AT 3 ~ 95GEV/C
0 K-P 1 75 GEV
0 X I- PI+ MODE
0 X I — PI+
0 XI KBAR PI ( PI )
0 K-P TQ XI — K PI
0 I NCL. K-P 10 GEV
0 I NCL. K- P 16 GE V

7/66
7/66

10/7 1
1/73
2/72
2/72
2 /74

11/75
1/80¹
1/80¹

e ~ ~ e ~ ~ o ~

9 ~ 14 0 ~ 48 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)9 13 0. &3 AVERAGE USING STUDENT 10(H/1 ~ 11) -- SEE HAIN TEXT
ERIHENTAL RESQLUTIQN OF 15 MEV NQT UNF QLDED ~

M MIX ED CHA RGES
H 20(1535. )
M 55(1529 0)
H (1532 0)

( 5.0)
(2 ~ 0)

BERTANZA 62 HBC —0 K-P 2.3 GEV/C
P JERRQU 62 HBC --0 K-P 1 8 GEV/C
BADIER 64 HBC —0 K —P 3 GEV/C

49 XI¹1/2(1530) REAL PART OF PQL E PQS IT ION 4/75

H-
M-
H-
M—
M-
M-
M-
H-
H-
H-
M—

NEGAT IVE CHARG
38 1535~ 7

334 ( 1 534. 7)
185 1536 ~ 2

1535.3
48 (1540. )

1 534 ~ 5

E ONLY
3.2

(1 ~ 1)
1 6
2 ~ 0

(3 ~ )
1 ~ 2

0 0 ~ ~

0 ~ 84
0 ~ 92
0 63

~ 0 0 4

1535.18
STUDENT1 535 ~ 1 8
F IT 1 534.97

LONDON
BA LTAY
KIRSCH
RQ552
BERTHON
BELL EFQ2

66 HBC
72 HBC
72 HBC
73 HBC
74 HBC
75 HBC

K-P 2.24 G EV/C
K —P 1 75 GEV
K-P 2.87GE V/C
X I KBAR PI (PI )
Q UASI 2 BODY CS
K-P TD XI — K PI

7/66
1/73
2/72
2/74

10/74
11/75

AVERAGE ( ERRCR INCLUDE 5 SCALE FAC TQR OF 1 ~ 0)
AVERACE USING STUOFNT10(H/1 ~ 11) -- SEE MAIN TEXT

F RQH F I T ( ERROR INCLUDE 5 SCALE FACTOR OF 1 ~ 0 )

REO
RE-

IMO
IM—

1531 6
1534 4

4 ' 45
3 9

0.4
1 ~ 1

LICH TENB 74
L I CHT E NB 74

0 E XTRAP HAB IBI 73
EXTRAP HAB IB I 73

0 35
1 75

LICH TENB 74 0 EXT RAP HAB IBI73
3 9 L ICHTENB 74 E XTR*P HAB I 8 I 73

49 X I ¹1/2 ( 1530) PARTIAL DECAY HQDE S

49 XI¹1/2(1530) IMAGINARY PART OF POLE POSITION

4/75
4/75

4/75

4/75
4/75

Pl

P2

DEC AY MASSESXI¹1/2 (1530) INTO X I PI 132 1+ 139
OTHER STRONG DECAYS ARE FORBIDDEN BY ENERGY CQNSERVAT IQN ~
X I ¹1/ 2 (1530 ) INTO X I GAMHA 132 I+ 0
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Data Card Listings
For notation, see key at front of Listings.

Baryons
"(1530), :"(1630), "(1680), =(1820)

BERT ANZA 62 P RL 9 180
PJERRGU 62 PRL 9 114
SCHLEIN 63 PRL 11 I 67
BADI ER 64 DUBNA I 593
PJERROU 65 PRL 14 275

REFERENCES FOR XI+ I/2( 1530)

+BR I SSONg CONNGLLYg GOLDBERG gGRAY g+ (BNL gSYRA) I J
+PRQWS Eg 5CHL E IN g SLAT ER g STORKS T ICHO ( UCLA) I
+CARNONYfP JERRQUtSLATER tSTORKy TICHO (UCLA) IJP
+DEMOULINy GOLDBERG' + (EPOL ySACLAYgAHST) I
+SCHLEINgSLATERgSMITHgSTORKyTICHO (UCLA)

49 XI +I/2 ( 1530) BRA NCHI NG RATIOS (HEV)

R1 X 141/2 (1530 ) INTO I XI GAHHA)/TOTAL (P2) 1/76
Rl (0 ~ 04) OR LESS CL= ~ 90 KALBFLEI 75 HBC — K-P AT 2 ~ 18 GEV 1/76

=-(1680} 5 XI+I/2( 1680' JP= 1/2-) I=1/2 f2,
SEEN 8 Y DIONI SI 78 AS A THRESHOLD ENHANCEMENT IiN BOTH
THE NEUTRAL AND NEGATIYELY CHARGED SIGHA KBAR MASS
SPECTRA F ROH THE REACTIONS K-P --& I S IGM A K BAR ) K PI
AT 4 ~ 2 GEV/C THE DATA FROM THE SIGMA KBAR CHANNELS
ALGNE CANNOT DISTINGUISH BETWEEN A RESONANCE

INTERPRETATION AND A LARGE SCATTERING LENGTH ~

WEAKER EVIDENCE FOR AN ENHANCEMENT AT THE SAME MASS I S SEEN IN THE
CORRESPONDING LAMBDA KBAR CHANNELS AND A COUPLED CHANNEL ANALYSIS
Y I ELDS RESULTS CONSISTENT W I TH A NE W XI + ~

IN NEED OF CONF IRMATIGN OMITTED FROH THE TABLES

BERGE
LONDON
MERR ILL

BADI ER
BA LTAY

ALSO
BGRENST E
KIRSCH

66 P R 147 945
66 PR 143 1034
66 UCRL —16455 THESIS

72 NP 837 429
72 PL 428 129
73 NEVI 5 199( THESIS)
72 PR 05 1559
72 NP B40 349

+EBERHARDy HUBBARD MERR ILI 8-SHAFER + ( LRL) I
+RAUv SAMIOSe YAMAHOTOeGOLDBERGe+ (BNLg SYRA) IJ
D W HERR ILL {LRL) JP

+BARRELET eCHARLTGNs VI DE AU (EPQL)
+BRIDGEWAT ERe COOPERS GERSHWINt+ (COLU+BING }
HABIBI (COLUMBIA )
BORENSTEI N gDANBURG gKA LBFLEI SCH++ ( BNL v MICH) I
SCHHIDT+CHANGy HEMINGWAY(BRAN g UNDE SYRAg TUFT) I

5 XI+ I/2( 1680) HASS (MEY)

H0 NEUTRAL CHARGE
HD F 175(1699~ ) {5» ) DI ON I SI 78
M0 C 183(1684~ ) t5 ) 0 ION ISI 78
MO F FROM FIT TO SIGNA+ K- SPECTRUH
HO C FROM CQUPL ED CHANNEL ANALYSIS OF S IGMA+ K-

HBC 0 K-P AT 4 ~ 2 GEV/C
HBC 0 K-P AT 4 ~ 2 GEY/C

AND LAMBDA KO SPECTRA

3/79~
3/79+
3/79+
3/79~

ROSS 2 73 PURDUE CONF ~ 355 ROSS y LLOYD' RADOJI C IC
BERTHGN 74 NC 21A 146 BERTHGNg TRISTRAMy+
LICHTENB 74 PRD 10 3865 D 8 LICHTENBFRG

ALSO 74 PRIVY COMM. D 8 LICHTENBERG

( OXFORD)
( CDEF+RHEL+SACL+STRB )

( I ND IANA UN I VERS ITY )
{INDIANA UNIVERSITY}

H- NEGATIVE CHARGE
M- C 45 (1694 ~ ) (6 ~ ) DIONISI 78 HBC — K-P AT . 4 2 GEV/C
M- C FROM COUPLED CHANNEL ANALYSI S OF SIGMAO K- AND LAHBDA K- SPECTRA

3/79+
3/79~

B ELL EFO2 75 NC 28A 289
KALBFLE I 75 PRD 11 987
5 IXEL 79 NP B 159 125

DE BELLEFONe BERTHONsBILLOIR+ {CDEF v SACL)
KAL 8FL E I SC H~ STRAND s CHA P MAN ( BNL+M ICH)
+BQTTCHE Ry KLE I N+ ( AACH+BERL+CE RN+ LGIC+V I EN)

PAPERS NOT REFERRED TO IN DATA CARDS

(LRL) JP

t CGLU)
tYALE FNAL BNL P ITT)
t 8RAN+UMO+SYRA+TUFT )
( BRAN+UMD+ 5 YRA+TUF T)

SHAF ER 66 PR 142 883 BUTTON-S H AF iER g L INDS EY p HURRAY g S MI T H

A SPIN-PARITY DETERMI NATION ~

HABI BI 73 NEVIS 199(THES IS) HAS IB I
HUNGERBU 74 PRO 10 2051 HUNGERBUHLER ~ MAJKAe+
BR IEF EL 75 P RD 12 1859 +GOURE V I TCH e KI R SCH+
BR IE F EL 77 P RD 16 2706 +GGUREV ITCHY CHANG+

5 XI+I/2(1680) WIDTH (ME V)

WO NEUTRA(. CHARGE
WO F 175 (44 ~ ) t 23 ~ ) D ION I SI 78
WO C 183 (20» ) (4 ~ ) DION IS I 78
WO F FROM FIT TO SIGMA+ K- SPECTRUM
WO C FROM COUPL ED CHANNEL ANALYS IS OF S IGMA+ K-

HBC 0 K-P AT 4 ~ 2 GEV/C
HBC 0 K-P AT 4. 2 GEV/C

AND LAMBDA K- SPECTRA

W- NEGAT IVE CHARG E
C 45 (26 ) (6 ) DIONISI 78 HBC — K-P AT 4 ~ 2 GEV/C

W- C FROM COUPL ED CHANNEL ANAL YSI 5 OF 5 IGMAO K- AND LAMBDA K- 5 PECTRA

3/79~
3/79+
3/794
3/79+

3/79+
3/79~

ae ( 21 XI &1/2(1630' JP= ) I=l/2

THIS EFFECT NEEDS CONF IRMAT ION ~

BARTSCH 69 SEE A SHALL e BROAD ENHANCEMENT NEAR
1650 MEV — IT IS NGT CLEAR THAT IT IS THE SAME
PHENOMENON AS BR IEFEL 77 WHQ F I MD CS=2.6+-0 9
NICROBARNS AT 2 87 GEV/C INCIDENT K- MOHENTUM»

BORENSTE IN 72 SEE NQ EFFECT IN THIS REGION THEY FIND
CS(2 HICRQBARNS AT 2» 18 GEV/C

ROSS 72 ARGUE T HAT THE EFFECT THEY SEE IS NOT THE SAHE AS THAT
SEEN BY BRIEFEL 77 I WHOSE PRELINI NARY RESULTS WERE REPORTED IN
BMST 70) g ANO FIND CS=2+-1 HIC ROBARNS AT 3 3 GEV/C
BELLEFGN 75 FIND A CS OF AROUND 10 MICROBARNS NEAR 2 GEV/Ct
BUT LESS THAN 3 HI CROBARNS AROUND 2 3 GEV/C»

Pl
P2
P3
P4
P5

Rl
Rl Z

Rl N

Rl Z

Rl N

5 Xl&1/2 (1680) PARTIAL DECAY MODES

XI1/2 I 1680) I NTO SIGHA KBAR
XI+I/2(1680) INTO LAMBDA KBAR
XI+1/2 (1680) INTO X I PI
XI+I/2 I 1680) I NTQ XI+ 1/2( 1530) PI
X 141/2(1680 ) INTO Xj PI PI I INCLUDING P4)

5 XI&1/2(1680) BRANCHING RATIOS

XI+1/2(1680) INTO (SIGNA KBAR)/(LAMBDA KBAR}
(2 ~ 7) (0 9) D IGNI Sj 78 HBC
(3 ~ 1) (1 ~ 4 ) DION IS I 78 HBC

NEUTRAL CHARGE
NEGAT IV E CHARGE

DECAY MASSES
1192+ 497
1115+ 497
1314+ 134
1533+ 134
131M 134+ 134

( Pl }/(P2)
0 K-P AT 4 ~ 2 GEV/C 3/79+

K —P AT 4 ? GE V/C 3/79+

21 XI+ I/2( 1630) MASS (MEV }
R2
R2

XIII/2(1680) INTO ( XI PI) /(SIGMA KBAR)
( 09) OR LESS DION IS I

( P3) l (Pl )
78 HBC 0 K —P AT 4 ~ 2 GEV/C 3/79&

M

M

M

M

M

29 1606.
34 1 633 ~

31 1 624»

6
12 ~

3»

RO SS 72 HBC
BELL E F02 75 HBC
BRIEF EL 77 HBC

21 X I+ I/2( 1630) WIDTH ( ME V)

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 2 ~ 0}

0 K-P AT 3 l-3 7
0 K-P TO XI- K PI
0 K-P 2 87 GEV/C

3/72
11/75
1/78

R3 Xjwl/Zt 1680) INTO ( XI- PI+ P I 0}/I SIGMA KBAR) I P5) /(Pl }
R3 {~ 04 ) OR LESS DIGNI SI 78 HBC 0 K-P AT 4 ~ 2 GE V/C 3/79+

R4
R4

XI+1/2(1680) INTO t XI- PI+ P I-}/( SIGMA KBAR) (P5) l(P1)
t ~ 03) OR LESS DIONISI 78 HBC — K-P AT 4 2 GEV/C 3/79+

R5 XI+1/2 (1680 } INTO

(XI+�

( 1530 ) PI }/ (S IGMA KBAR) ( P4) /(P 1)
R5 ( ~ 06} OR LESS DIONISI 78 HBC — K-P AT 4 ~ 2 GEV/C 3/79+

W, 29 21 7. RQSS 72 HBC 0 X I-PI+ K+0 (890 }
W 34 40 15 BELLEFO2 75 HBC 0 K-P TO XI- K PI
W F 31 t 22 ~ 5) BRIEFEL 77 HBC 0 K-P 2»87 GEY/C
W F GOODNESS OF FIT INSENSITIVE TO VALUES BETWEEN 15 AND 30 ME V ~

W F THE SIGNIF ICANCE OF THE EFFECT IS CLAIMED TO BE ABOUT 3 STD DEV»
W ~ ~ » ~ ~ ~ ~ ~ ~

W AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 1)

3/72
11/75
1/78

DION ISI 78 PL 808 145 +DIAZ' ARNENTEROS+ (CERN+A HST+ NI JH+GXF ) I g J P

REFERENCES FOR XI+I/2( 1680}

Zl X I& 1/2( 1630} PARTI AL DECAY MODES

XI+ I/2(1630) INTO XI PI

SEEN I N K— P TO XI- PI+ KO AND X I — PIO K+ ~

DECAY MASSE 5
1321+ 139

ROSS 72 PL 388 177
BELLEFQ2 75 NC 28A Z89
BR IEFEL 77 P RD 16 2706

A LS O 70 DUKE CCNF, 317

PAPERS NQT REFERRED TQ IN DATA CARDS

REFERENCES FQR XI+ I/2( 1630}

~ B UR AN y LLOYD f HULVE Y y

RADAR

J I C I C {OXF) I
DE BELL EFONg BERTHONy BIl LOIR+ (CDEFy SACL)
+GOURE VI TCH s CHANG+ t BRAN+U MD+S Y RA+TUFT )
BMST ( BRANDE IS+MARYLAND+SYRACUSE+TUFTS)

50 X I+I/2 (1820' JP~3/2 ) I~ 1/2

WE LIST HERE EVERYTHING REPORTED IN THE MASS RANGE
1750-1 875 MEY
THE CL EAREST EVIDENCE FOR THI S STATE I 5 THAT GF
GAY 76, WHO SEE AN 8 STD ~ DEV» ENHANCEMENT IN
LAMBDA K-g AS WELL AS ENHANCEMENTS IN XI+(1680) Ply
AND SI GHA KBAR THE ENHANCEHENT OBSERVED BY GAY 76

I S NARROW (WI DTH 21 +- 7 MEV) y IN CONTRAST TO RESU} TS FROM EARLIFR LESS
SIGNIFICANT DATA WHERE WIDTHS QF UP TO 100 MEV HAVE BEEN REPORTED (S EE
THE DATA CARD LISTINGS BELOW) GAY 76 OBSERVE NO SIGNAL IN THE XI PI
CHANNEL ~ I T I 5 POSSIBLE THAT THE XI PI ENHANCEMENTS 5 EEN IN T HIS MASS
REGION BY SOHE EXP ER IMENTS AT LOWER MGNENTUM ARE AT LEAST PARTIALLY DUE
TO THE XI+(1940)y WITH A SHAPE DISTORTED BY THE MORE L IMITFD AVAILABLE
PHASE SPACE ( SMITH 65) THE SITUATION IS FURTHER CONFUSED BY SOME
EXPER INENTS BEING FORCED TO ADD SEYERAL DIFFERENT CHANNELS TG OVERCOME
POOR STATI STI CS (CRENNELL 70' BADIER 71 j»
A SPIN PARITY ANALYSI S OF THE GAY 76 DATA BUT WITH MORE STATISTICS
(TEODQRO 78}p FAVOURS J=3/2 BUT CANNOT MAKE A PARI TY DISCRIMINATION.

+ ( BRANDEI Sg MARYLAND' SYRACUSE' TUFTS )AP SE LL 69 P RL 23 884
SUP ERS EDED BY BHST 70»

BARTSCH 69 PL 288 439 + (AACHENs BERLIN' CERN' LOI Cs V IENNA)
KALBFLE I 70 DUKE CONF 331 G R KALBFLEI SCH ( BNL) I

SUMMARI ZES EVI DENCE FOR ISQSPIN ONE-HALF.
BORENSTE 72 PR D 5 1559 BORENSTEI NeDANBURG»KAL BFL EISCH++ ( BNLy M ICH) I
SCHMIDT 73 PURDUE CONF 363 SCHMIDT {BRANDEIS)
HUNGERBU 74 PRD 10 2051 HUNGERBUHLER, MAJKAg+ (YALE+ FNALy BNLg P ITT)
BR IEF EL 75 P RD 12 1859 +GOURE YITCH e KIRSCH+ (BRAN+UMD+SYRA+TUFT )

M

H

M

N

H C
H C
H O
M G

M 8
H 8
H 8
M 8
H B

50 XI% 1/2 (182 0) HAS 5 ( ME V)

( 1770 0} HALSTEINS 63 FBC -0 K-FR 3 ~ 5 GFV/C
30 1814 0 4»0 BADI ER 65 HBC 0 LAMBDA KOBAR
29 1817~ 0 7»0 5HITH 1 65 HBC —0 LAMBDA KBAR
40 1830» 0 10» 0 ALITTI 69 HBC — LAM SIG KBAR
25 1830.0 10»0 CRENNELL 70 DBC -0 3 ' eg 3.9 GEY/C
FROM FIT TO INCLUSIVE XI PI g XI PI PI AND LAHBDA K- SPECTRA

(1826 0) ( lZ»0) CRENNELL 70 DBC -0 3 ey 3 9 GEV/C
FROM FIT TG INCLUS IVE XI PI AND XI PI PI SPECTRA ONLY
28 1 76? ~ 0 8 ~ 0 BADIER 72 HBC -0 XI PlgX 12P IgK Y

38 1838 ~ 0 5»0 BAOIER 72 HBC -OXI PI'yX12PI sK Y

BADI ER 72 ADDS ALL CHANNELS AND DIVIDES P EAK IN LOWE R AND HIGHER
MASS REGIONS THE DATA CAN ALSO BE F ITTED WI TH A SINGLE BRE I T-
WIGNER OF HASS 1800 AND WI DTH 150 HEV»

9/69
10/70

11/77

10/71
10/71
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Baryons
=-(zaao)

Data Card Listings
For notation, see key at front of Listings.

M 1
M 1
M 1
M

M

M

M

M

M

M

M AV

30 1 821 ~ 5e ROSS1 73 H BC
LESS 5 IGNIFIC ANT ENHANCEMENTS SEEN IN Xls'( 1530)
AND SIGMA KBAR (M=1810+-9g W=16+-11) ~

1 807. 27 ~ DIBIANCA 75 DBC
130 1823 0 2 ~ 0 GAY 76 HBC

74 1 797e 19. BRIEFEL 77 HBC
68 1829 ~ 9 ~ BRIEFEL 77 HBC
39 1860 14 ' BRIEF EL 77 HBC
44 1870e 9 BR IEF EL 77 HBC
57 1 813 4e BRIEF EL 77 HBC

~ ~ ~ e e ~ ~ ~ ~

ERAGE MEANINGLESS ( SCALE FACTOR = 3.2)
(SE E IDEOGRAM BELOW )

-0 L AMBOA K-/KBARO
PI ( M=1825 y W=100)

-0 XI 2PIg XI& PI
K- P AT 4 ~ 2 GEV

0 X I PI (2a87 K-P)
—0 XI {1530} PI

S IGMA- KOBAR
0 LAMBDA KOBAR

L AM BOA K-

2/74

1/76
2/77
1/78
1 /78
1/78
1/78
1/78 I

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 4P 3P 1
P 1 .4974+-. 0812
P 2 —~ 7282 ~ 1889+- ~ 0505
P 3 ~ 1 06 1 e493 1 ~ 1463+ a 046 9
P 4 ~ 7972 ~ 5 122 ' ~ 4933 e 1674+ 06Z 0

P 2

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P., as follows: The diagonal elements are P. + 6P. , where1 1 1
6P = Q ~6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 1
cients I'6P. 6P. ) /(6P. ~ 6P, ). For the definitions of the individual P. , see the listings1 j i j 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

BRIEFEL
BRIEFEL
BRIEFEL
BRIEFEL
BRIEFEL
bAY
DIBIANCA
ROSS1

.BADIER

.BADIER
CRENNELL

.ALITTI
SMITH 1

. BADIER

1700 1750 1BOO 1BSO 1900 1950
XIsy1&2 ( 1B20) MASS ( MEV )

77 HBC
77 HBC
?7 HBC
77 HBC
77 HBC
76 HBC

75 DBC
73 HBC
72 HBC

72 HBC

70 DBC
69 HBC
65 HBC
65 HBC

0.6

.00

55
0
0
0
3

114
(CON
=0 ~

.2

.7

.7
a4
.5
.0
LEV
000)

CHISQ
4. 4

29.1
7.6
0.7

50 XIs I/2( 1820) BRANCHING RATIOS

R21
RZ1
R21
R21
R21 F IT

XI & 1/2( 1820) I NTO ( XI PI ) /(LAM BDA KBAR)
0 ~ 20 0 ~ 20 BADI ER

(0 ~ 36) OR LESS CL~ ~ 95 GAY
~ e ~ ~ ~ e e e e

0 38 0 1 5 FROM F IT ( ERROR INCLUDE S SCALE F ACTOR OF 1 4)

(P2 )/ (Pl )
65 HBC 0. K-P AT 3 GEV
76 HBC — K- P AT 4 2 GEV

R22 X Is'I/2( 1820) INTO l XI P I ) /( XI&1/2( 1530) PI) (P2) /{P4)
R22 le 5 0 6 Oe 4 APSELL 70 HBC 0 K-P AT 2 ~ 87 GEV
R22 ~ ~ ~ ~ ~ ~ ~ e ~

R22 F IT 1 ~ 13 0 a 37 FROM F IT ( ERROR INCLUDE S SCALE FACTOR OF 1 e 0 1

R3
R3
R3
R3
R3 F IT

XI sl/2(1820) INTO ( SIGMA KBAR) /TOTAL
(0 ~ 02) OR LESS TRIPP

0 ~ 30 0 ~ 15 ALITTI
~ ~ e ~ ~ ~ e e ~

0 146 0 ~ 047 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1,11

l P3)
67 RVUE
69 H BC — K-P 3 .9-5 ~ 0 GEV

Rl X is I/2(1820) INTO (LAMBDA KBAR) /TOTAL l Pl)
Rl 0 30 0 ~ 15 AL ITTI 69 HBC — K-P 3 9-5 ~ 0 GEV
Rl a ~ ~ ~ ~ ~ ~ ~ ~

Rl FIT 0,497 0 081 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1.6 )

,R2 X Is'I/2 ( 1820) I NTO ( XI P I ) /TOTAL (P2)
R2 0 10 0 ~ 10 AL ITTI 69 HBC — K-P 3 9-5 0 GEV
R2 ~ e ~ ~ ~ ~ e ~ ~

R2 F IT 0 ~ 189 0 ~ 050 FROM F IT (FRROR INCLUDES SCALE FACTOR OF I 2 )

9/69

9/69

7/66
2/77

6/70

8/67
9/69

W

'W

W C
0

W 8
W 8
W 1 30
W

W }.30
W 74
W 68
W 39
W 44

57

W

W AVERAG

50 XI +I/2( 1820) WIDTH {ME V)

( OR LESS HALSTEINS 63
( {4~ 0) BADI ER 65

7 ~ 0 SMITH 2 65
40 ~ 0 20a 0 AL I TTI 69

1 38 e0 24 ~ 0 CRENNELI- 70
( (36~ 0) {19~ 0) CRENNELL 70

13 ~ 0 BADI ER 72
13 ' 0 BADI ER 72

4e ROSS1 73
58 ~ 0 I 8IANCA 75

7 ' 0 GAY 76
57 BRIEF EL 77
34 ' BR I EFEL 77
17~ BRIEF EL T7
11 BR IEFEL 77
11 ' BRIEFEL 77

SEE THE NOTES ACCOMPANYING THE
~ e ~ ~ ~ ~ ~ e ~

E MEANINGLESS l SCALE FACTOR = 2 ~ 2)
(SE E IDEOGRAM BELOW )

F BC -0 K-FR 3 ~ 5 G EV/C
HBC 0 LAMBDA KOBAR
HBC -0 L AMBDA KBAR
HBC — ' LANg SIG KBAR
OBC -0 3 6y 3e9 GEV/C
DBc -0 3.e, 3.9 GEv/c
HBC —0 LOWER MASS
HBC -0 H IGHER MASS
HBC -0 LAMBDA K-/KBARO
DBC -0 XI 2PI y XI+ PI
HBC — K- P AT 4 ~ 2 GEV
HBC 0 XI PI (2 e87 K-P)
HBC -0 X I( 1530) P I
HBC — S IGMA- KOB AR
HBC 0 LAMBDA KOBAR
HBC — L AMBDA K-
MA SSES QUOTED ABOVE

9/69
1 0/70
1 1/77
10/7 1
10/71
2/74
1/76
2/77
1/78
1/78
1/78
1/78
1/78

(P3) /(Pl)
K- P AT 4 2 GEV

SCAL E FACTOR OF 1 ~ 1 )

2/77

R4
R4
R4 S
R4 S
R4
R4 FIT

X I+I/2 (1820 ) INTO ( X Is'I/ 2( 1 530) P I ) /TOTAL
0, 30 0 ~ 15 AL ITT I 69 HBC

{0~ 25) OR LESS DAUBER e9 HBC
L'SES IN PART THE SAME DATA AS SMITH 65

~ ~ e ~ ~ ~ ~ ~ ~

0 ~ 167 0 062 FROM FIT (ERROR INCLUDES

( P4)
K-P 3.9-5 0 GEV
K-P ? ~ 7 BEV/C

SCALE FACTOR OF 1 5)

9/69
9/69

(P4)/(Pl)
-0 K-P 2 ~ 45-2 ~ 70GE V

K- P AT 4 ~ 2 GEV

X Is'I/2 ( 1820)
0 ~ 26
1 0

R41
R41
R41
R41
R41 A VG
R41 STUDENT
R41 F IT

INTO l Xls'( 1530) PI ) /(LAN KBAR)
0 13 SM I TH I 65 HBC
0 3 GAY 76 HBC 2/77

~ ~ ~ ~ e ~ ~ e ~

0 ~ 38 0e27
0 ~ 35 Oe 14
Oa34 0 ' 17

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 ~ 3)
AVERAGE USING STUDENT10(H/I 11) -- SEE HAIN TEXT

FROM F IT ( ERROR INCLUDE S SCAI E FACTOR OF 1 ~ 6)

R51 XI&1/2(1820) INTO ( XI P I PI )/(LAMBDA KBAR)
R51 (0 «1 1 OR MORE SM ITH 1 65 HBC

(P51/(Pl)
-0 K-P 2 ~ 45-2 ~ 70GE V

R31 Xls'I/2{1820) INTO (SIGNA KBAR}/(LAMBDA KBAR)
R31 Oe 24 0 ~ 10 GAY 76 HBC
R31 ~ e ~ ~ ~ ~ ~ ~ ~

R31 F IT OeZ9 0 10 FROM F IT (ERROR INCLUDES

R52 X I&l/ 2(1820) INTO ( XI P I P I )/(Xls'1/2( 15301 PI )
R5Z I (0 3) (0 ~ 5) APSELL 70 HBC
R52 L OR L ESS ~ UPPER L IM IT FOR THE 3-BODY DECAY
R52 CONSI STENT WITH ZERO GAY 76 HBC

( P51 /(P4)
0 K-P AT 2 ~ 87 GEV

K-P AT 4 ~ 2 GEV

6/70

11/77

150
XI3s1&2 (1B203 {WIDTH (MEV)

BRIEFEL
BRIEFEL

.BRIEFEL
BRIEFEL
BRIEFEL
SAY
DIBIANCA
ROSS1
BADIER

-BADIER
.CRENNELL
. ALITTI
SMITH 2

77 HBC

77 HBC
77 HBC

77 HBC
77 HBC
76 HBC
75 DBC
73 HBC
72 HBC
72 HBC
70 DBC
69 HBC
6S HBC

CHISQ
0.0
2.B
7.5

11.3
6 ~ 3
3.9

0.4
32.6

(CONLEV
=0.0003

HALSTEIN
BADI ER
SM ITH 1
SMITH 2
TRIPP

USES

63 S I EN A CONF 173
65 PL 16 171
65 PRL 14 25
65 ATHENS CONF 251
67' NP 83 10
DATA OF SMITH 1

REFERENCES FOR X Is' 1/2( 1 820)

HALSTE INSLID + (BERGENyCERNgEPOLyRHELgLOUC} I
+DEMOUL I Ng GOL DBERGy + {EPOL ~ SACLA Yg A MST ) I
+LI NDSEYgB UTTON- SHAFER ~ MURRAY (LRL) I JP
G A SMITHg J S LINDSEY (LRL)
+ LE ITHg + {LRLgSLAC ~ CERNg HEIOEL ~ SACLAY)

ALITTI
DAUBER
APSELL
CR ENNELL
BADI ER
ROSS 1

69 PRL 22 79
69 PR 179 1262
70 PRL 24 777
70 PR 1D 847
72 NP 837 429
73 P URDUE CONF e

+BARNES FLAMINIO NETZGER + (BNL SYRACUSE} I
+BER GE g HUBBARD g MERRILL y MULLER l LRL)
+ ( BRAND E ISy MARYl ANDg SYR ACUS Eg TUFTS )
+KARSHONy LAI g ONEALL g SCARRg SCHUMANN( BNL)
+BARRELETy CHARLTONy VIDEAU ( EPOL)

345 ROSSgLLOYDgRADOJICIC (OX FORD )

0 I BI ANC A 75 NP 898 137
GAY 76 PL 628 477
BR IEFEL 77 PRD 16 2706

ALSO 70 DUKE CONF e 317

Dl BI AN CAy ENDORF (CARN)
+ARMENTERO Sg BERG'E g GAVIL LET+ (AMST+CERN+N I JM ) I J
+GOUREV ITCHy CHANG+ l BRAN+UMD+SYRA+TUFT)
BMST ( BRANDE IS+MARY LAND+SY RACUSE+TUFTS )

PAPERS NOT REFERRED TO IN DATA CARDS

R53 X I+I/ 2 (1820 ) INTO XI PI P I ( INCLUDING XI+( 1530) Pl ) / l LAMBDA KBAR)
R53 {P4+P51/(Pl)
R53 C (0 14) OR LESS BADIER 65 HBC 0 1 STD DEV LIMIT
R53 C FOR THE DECAY MODE (XI- PI+ PI 0) ONLY

11/77

Pl
P2
P3
P4
P5

50 Xis 1/2(1820) PARTIAL DECAY MODES

X Is'1/ 2( 1820 ) INTO L ANBDA KBAR
X Is'1/2 (1820 ) INTO X I PI
XI&1/2(1820) INTO SIGNA KBAR
XI+I/2(1820) INTO X Ill/2( 1530) PI
XI+I/2(1820) INTO XI PI PI (EXCLUDING P4)

DEC AY MASSES
1115+ 497
132 I+ 139
1197+ 497
1533+ 139
1321+ 139+ 139

SHITH 64 PRL 13 61 +1 INDSEY g MURRAY g BUTTON- SHAF ER4 (LRL) IJP
MERRILL 68 PR 167 1202 D W MERRILL J BUTTON-SHAFER (LRL )

WEAK EVI DENC E CONCERNING J P ~

APSELL 69 PRL 23 884 + (BRANOEISy MARYLANDy SYRACUSE ~ TUFTS)
SUPERSEDED BY BRI EFEL 77 ~

SCHN I DT 73 PURDUE CONF a 363 SCHM IDT (BRANDEIS)
BRIEFEL 75 PRO 12 1859 +GOUREVITCHgKIRSCH+ (BRAN+UMD+SYRA+TUFT)
TEODORO 78 PL T7B 451 +DIAZ g OIONI SI y BLOKZI J I + l AMST+C ERN+NI JM+OX F ) J P
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Data Card Listings
For notation, see key at front of Listings.

Baryons
"(1940). "(8030)

52 XI+1/2 (1940) JP~ ) I~ 1/2

WC LIST UNDER XI ( 1940) EVERYTHING REPORTED IN THE MASS
RANGE 1875-2000 MEV ~

52 XI +1/2 ( 1940 ) BRANC HING RAT IOS

THE XI (1940) IS SEEN MAINLY IN XI PI AND SOME IN XI (1 530) PI ~ IT
HAS BEEN LOOKED FOR IN OTHER CHANNELS BUT NOT SEEN ~

Rl XI+I/2(1940) INTO (XI P I }/(XI+I/2{1530) PI } (Pl) /{P2}
Rl 2 ~ 8 0 ~ 7 0»6 APS ELL 70 HBC 0 6/70

M

M

M

M

M

M

M

M

M

M

M

M

52 XI&1/2( 1940) MASS (MEV)

35 1933~ 0
27 1930»0
66 1894 0
21 1955 0
29 1956 ~ 0
25 1952~

1900 ~

139 1961~

44 l 936
56 1964 ~

16» 0
20»0
18 ' 0
14» 0

6 ~ 0
11 ~

12.
18
22 '
10 ~

BADI ER 65
ALITTI 68
DAUB ER 69
GOLD WA SSE 70
BA DI ER 72
ROSS 1 73
DI BIANCA 75
BR IEFEL T7
BRIEFEL 77
BR I EFEL 77

~ ~ ~ ~ ~ ~ ~ »»
AVERAGE MEANINGLESS (SCALE FACTOR = 1 9)

(SE E IDEOGRAM BELOW )

HBC
HBC
HBC
HBC
HBC

DBC
HBC
HBC
HBC

11/68
11/68
10/70

K Y 10/71
2/74
1/76

K-P ) 1/78
K-P) 1/78

1/78

0 XI- PI+
0 X I- PI+

XI PI
XI PI
XI PI t XI2PI y

(XI PI )—
XI PI

0 X I-PI+( 2 ~ 87
X IOPI-{2 87-0 XI( 1530) PI

R2
R2

XI+1/2 (1940) INTO (XI PI PI )/ (XI&l/2( 1530) P I ) (P3}/(P2)
0»0 0 ~ 3 APSEl L 70 H BC 0

REFERENCES FOR XI+I/2(1940)

BAD( ER
AL ITT I
DAUBER
APSELL
GOLDWAS S
BADI ER
ROSS 1

65 PL 16 171
68 PRL 21 1119
69 PR 179 1262
70 PRL 24 777
70 PR 1D 1960
72 NP 837 t42 9
73 PURDUE CONF'

+DEMOULI N GOLDBERG + (EPOL SACLAY AMST 1 I
+F LAMI NIOg METZGER y RADOJ IC IC g+{BNL g SYRACUSE ) I
+BERGEN' HUBBARD' MERRILL ~ MULLER ( LRL) I
+ (BRANDEI S, MARYLANOg SYRACUSE' TUFTS ) I
E L GOLDWASSERs P F SCHULTZ (ILL INDI 5)
+BARRE LET gCHARLTONt V IDEAU ( EPOL )

345 ROSS g LLOYD g RADOJI CIC (OXFORD)

R3 XI+1/2(1940) INTO {XIO PI-)/(XI- PIO) ( P4) / (P5)
R3 1 25 2 ~ 6 6 ~ 1 ~ 6 ROSS1 73 (XI PI)-
R3 1 THIS BR . IS 2 ~ 0(0 ~ 5 } FOR AN I~ 1/2( I~3/2) XI +( 1940)

6/70

2/74
2/74
2/74

DI BIANCA 75 NP B98 137
BR I EF EL 77 P RD 16 2706

ALSO 70 DUKE CONF ~ 317

DI BI ANCAs ENDORF (CARN)
+GOUREVITCHgCHANG+ (BRAN+UMD+SYRA+ TUFT)
BMST ( BRANDE IS+MARYLAND+SYRACUSE+TUFTS )

PAPERS NOT REFERRED TO IN DATA CARDS

.BRIEFEL 77
BRIEFEL 77
BRIEFEL 77
DIBIANCA 75
RDSS1 73
BAOIER 72
GDLDLJASSE 70
DI-}UBER 69
ALITTI 6B
BADIER 65

I

1El60 1900 1940 19BO 2020 2060
XI+1&2 {1940) MASS (MEV)

HBC
HBC

HBC
oec

HBC
HBC
HBC
HBC
HBC

CHISQ
3.2
0.2
0.7

14.B
0.3
2. 7
0.4
B.4
0.6
0.7

32.0
(CDNLEU
=0 .000)

APSELL 69 PRL 23 884 + (BRANDEI Sg MARYLAND g SYRACUSE' TUFTS)
SUPERSEDED BY BMST 70 '

SCHMIDT 73 PURDUE CONF ~ 363 SCHMIDT ( BRANDE IS )
BRIEFEL 75 PRD 12 1859 +GOUREV ITCH KIRSCH+ (BRAN+UMD+SYRA+TUFT)

if
68 XI +1/2 (2030 y JP=5/2 OR GREATER) I=1 /2

THE EV I DENCE FOR THIS STAT E HAS BEEN MUCH IMPROVED
BY HEMINGWAY 77' WHO SEE AN 8 STD» DEV ~ ENHANCEMENT
IN SIGMA K BAR AND A WEAKER COUPLING TO LAMBDA KBAR ~

ALI TTI 68 AND HEMINGWAY 77 OBS ERV E NO S I GNALS IN THE
XI PI PI (OR XI+{1530) PI } CHANNELS I N CONTRAST TO DI BIANCA 75 THE
DECAY INTO LAMBDA/SIGMA KBAR PI REPORTED BY BARTSCH 69 IS ALSO NOT
CONF I RMED BY HE MI NG WAY 77,
A MOMENTS ANALYS IS OF THE HEMINGWAY 77 DATA INDICA TES THAT THE SPIN
I S GREATER THAN OR EQUAL TO 5/2 AT A LEVEL OF 3 ST D ~ DEVIATIONS ~

68 XI +1/2 ( 2030 } MASS {MEV }

35
27
66
2l
29

139
44
56

140» 0
80 0
98. 0
56 ~ 0
35 ' 0
38
63

1 59»
87»
60 '

35 0
40 0
23 ~ 0
26 ~ 0
ll 0
10
78.
57 '
26 ~

39

BADI ER
Al ITTI
DAUBER
GOLDWASSE
BA DI ER
ROSS1
DI BIANCA
BRIEF EL
BR IEFEk.
BR IEFEL

65 HBC
68 HBC
69 HBC
70 HBC
72 HBC
73
T5 DBC
77 HBC
77 HBC
77 HBC

52 XI+1/2{ 1940) WIDTH (MEV)

0 XI- PI+
0 XI- PI+

X I PI
XI PI
XI PIyXI2PIyK Y
(XI PI)-
XI PI

0 X I-PI+(2 ~ 87 K-P }
XIOPI-{2 87 K-P}

-0 XI(1530) PI

ll /68
11/68
10/70
10/71
2/74
1 /76
1/78
1/78
1/78

42 2030 ~ 0
40 2C58 0
15 2019 ~

2 044 ~

200 2024 ~

10 0
17 ' 0

7 ~

8 ~

2»

Al ITTI
BARTSCH
RO SS1
D I BI ANCA
HEMINGWAY

~ ~ ~ ~ »» ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR ~ 1 ~ 5)
( SE E IDEOGRAM BELOW )

69 HBC — K-P 3 ~ 9-5 BEV/C
69 HBC —0 K-P 10 GEV/C
73 HBC -0 S IGMA KBAR
75 DBC -0 XI 2PIy XI& PI
77 HBC — K-P AT 4 2 GEV

9/69
9/69
2/74
1/76

11/77

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE M EAN INGLESS ( SCALE FACTOR = 1~ 6)
(S EE IDEOGRAM BELOW }

—50 50 150
&&I&1&2 l 1940) }JIDTH ( MEV )

77 HBC
77 HBC
77 HBC
75 Dec
73
72 HBC
70 HBC
69 HBC
6e HBC
6S HBC

250 350

BRIEFEL
BRIEFEL
BRIEFEL
DIBIANCA
RDSS1
BADIER
C~DLOLJASSE

DAUBER
ALITT I
BAOIER

l
2
0

0
6

20
{CON
=0.

.9

.3

.0

~ 4
.6
LEV
00B)

CHISG)
0.0
1.B

3.5

CHISQ
0.4

S.S
O. B

HEMINGWAY 77 HBC
-OIBIANCA ?5 DBC
.RDSS1 73 HBC
BARTSCH 69 HBC
ALITTI 69 HBC 0.2

6.9
(CDNLEV
=0 ' 075)2000 2020 2040 2060 20BO 2100

&&I&1&2 (2030) MASS ( MEV )

68 XI +I/2 (2030) WIDTH (MEV)

K-P 3 9-5 BEV/C
-0 K-P 10 GEV/C
-0 S IGMA KBAR
-0 XI 2PI ~ XI+ PI

K-P AT 4»2 GEV

45 ~ 0
57 0

15 33 ~

60 '
200 16»

20.040 0
30 ~ 0
17 '
24 '

5 ~

AL ITTI 69 HBC
BARTSCH 69 HBC
ROSS1 73 HBC
DI BIANCA 75 DBC
HE MI NGWAY 77 HBC

9/69
9/69
2/74
1/76

11/77

52 XI 41/2( 1940) PARTI AL DECAY MODES

» ~ » ~ ~ » ~ ~ »

AVERAGE MEANINGLESS {SCALE FACTOR 1 ~ 2)
( SE E IDEOGRAM BELOW )

Pl
P2
P3
P4
P5

XI+I/2 (1940) INTO X I PI
XI&1/2(1940) INTO XI+(1530) PI
X I+1/2( 1940) INTO XI P I PI ( EXCLUDI NG P2)
XI%1/2 (1940) INTO X IO PI-
X I + 1/ 2 ( 1940) INTO XI- P I 0

DECAY MASSES
1321+ 139
1533+ 139
132 1+ 139+ 139
1314+ 139
1321+ 134
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S272 Particle Data Group: Review of particle properties

Baryon s
"(2030), :-(2120), "(2250), "(2370)

Data Card Listings
For notation, see A'. ey at front of Listings.

103 XI&1/2(2120) WIDTH ( MEV)

25 ~ 0 12e0 GAY 76 HBC — K- P AT 4 2 GEV 2/77
18 ( 20 ~ ) OR LESS CHLIAPNIK 79 HBC + ANTI —LAMBDA K+ 1/80+

103 X I+ I/2( 2120 } PART I AL DECAY MODES

XI&1/2(2120) INTO LAMBDA KBAR
DECAY MA SSE S

1115+ 497

—SO 0 50 100
k&I!{{1&2f 2030) 1JIDTH t HEV)

HEUINBLJRY 77 HBC
.DIBIRNCR 75 DBC
.ROSS1 73 HBC

BRRTSCH 69 HBC

RLITTI 69 HBC

150

CHISEL
O. H

2. 7
0.5
1.S
0.7
6.2

CCONLEV
=0 .1El4 )

GAY 76 PL 628 477
HEM INGWA 77 PL 688 197
CHLI APNI 79 NP 8158 Z53

+ARMENTEROSy BERGEN' GAV Il LET+(AHST+CERN+NIJM ) I
HEMINGWAY+ARMENTERGS+ (AMST+CERN+NI JM+CXF)
CHL IAPNIKOVg GERDYUKOV+ f SERP+BELG+MQNS)

=-(2250) 22' XI &1/2 {2250 g JP= )

103 X I&1/2( 2120) BRANCHING RATIOS

Rl XI+1/2(2120) INTO LAMBDA KBAR ( Pl)
Rl SEEN GAY 76 HBC — K- P AT 4 2 GEV 2/77

REFERENCES FOR X j&1/2 (2120)

Pl
PZ
P3
P4
P5
P6
P7

XI &1/2 t 2030)
XIII/2(2030 )
X I&1/2 {2030)
XI+1/2{2030)
X I%1/ 2 (2030 )
XI + I/2 (2030)
X I 41/2 ( 2030 )

68 XI&1/2 (2030) PARTIAL DECAY MODES

INTO XI PI
INTO LAMBDA KBAR
INTO S IGMA KBAR
I NTO Xj+ 1/2( 1530) PI
INTO XI PI PI ( EXCLUDING P4)
INTO LAMBDA KBAR PI
INTO S IGMA KBAR PI

DECAY MA SSES
132 1+ 139
1115+ 497
119 7+ 497
153 3+ 139
13Z 1+ 139+ 139
1115+ 497+ 139
1189+ 497+ 139

THE EVIDENCE FOR THIS STAT E IS W EAK BARTSCH 69 SEE
A BUMP DF NQT MUCH STATISTICAL SI GNIF ICANCE IN t AMBDA-
KBAR-P I, S IGMA-KBAR-P I y AND X I-P I-P I MAS S SPEC TRA
GQLDWASSER 70 SEE A NARROWER BUMP IN XI-PI-PI AT A

HIGHER MASS. PERHAPS THEY ARE THE SAME STATE, PERHAPS
THEY ARE NOT, BUT S EE ALSO MQRR IS 75 ~

. 22 XI &I/2( 2250} MA S S ( ME V)

M 35 2244, 0 52 0 BARTSCH 69 HBC K-P 10 GEV/C
M 18 2295.0 ' 15.0 GOLDWASSE 70 HBC — K-P 5 ~ 5 GE V/C
M o ~ ~ ~ ~ e e ~ ~

M AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

9/69
10/70

68 XI &I/2 f Z030) BRANCHING RAT IOS

Rl Xj+1/2 (2030 I INTO t X I P I)/(HQDES PI TO P4) ( P 1) /(P 1+P2+P 3+ P4)
Rl (0 30) OR LESS ALITTI 69 HBC — 1 STD DEV LIMIT 9/69

Rll XI+1/2(2030) INTO t XI Pj)/(SIGMA KBAR) (Pl}/{P3)
Rll (0, 19) OR LESS CL= 95 HEMINGWAY 77 HBC — K-P AT 4 2 GEV 11/77

R2 Xj& 1/2 {2030) I NTO ( I AM KBAR) /(MODES Pl TO P4) t P2) / (Pl+P2+P3+P4)
R2 0.25 0. 15 ALI TTI 69 HBC — K-P' 3.9-5 BEV/C 9/69

2Z X I+I/2 (2250 I WIDTH t MEV j

130 ~ 0 . 80 0 BARTSCH 69 HBC
LE SS THAN 30~ 0 GQLDWASS E 70 HBC — K-P 5 ~5 GEV/C

22 XI& I/2(2250) PARTIAL DECAY MODES

9/69
10/70

R21 XI+I/2(2030) INTO ( LAMBDA KBAR) /{ SI GMA KBAR} (P2 ) / (P3 )
R21 0 22 0 09 HEMINGWAY 77 HBC — K-P AT 4. 2 GEV 11/77

Pl
P2
P3

X j~ I/2 (2250) INTO X I PI PI
XI&l/2(2250) INTO L AMBDA KBAR PI
X I&I/2 (22 50 ) INTO S IGMA KBA R PI

DECAY MASSES
1321+ 139+ 139
1115+ 497+ 139
1197+ 497+ 139

R3 X I&1/2{ Z030) INTO ( SI G KBAR ) /( MODES Pl TO P4) ( P3) /(Pl+P2+P3+P4)
R3 0.75 0.20 AL ITTI 69 HBC — K —P 3 ~ 9-5 BE V/C 9/69 Q+OjCQQQQQQ QQQQQQQQQ QQQQQQ QQQ QQQ QQQQQQ QQ QQ){CQQQ

R4
R4

XI+ I/2(2030 ) INTO ( XI& PI ) /(MODES Pl TO P4) t P4 ) /( Pl+P2+P3+P4}
(0~15) OR LESS AL ITTI 69 HBC — 1 STD DEV LI MI T 9/69

REFERENCES FOR X I&1/2(2250)

R41 X I+I/2 (2030 ) INTO (XI P I PI INCLUDING XI+ P I ) / ( SIGMA KBAR)
R41 (P4+P5)/(P3 j
R41 C (0 11) OR LESS CL= 95 HEMINGWAY 77 HBC — K —P AT 4 2 GEV 11/77
R41 C FOR THE DECAY MODE (X I- PI+ PI —) ONLY

BARTSCH 69 PL 288 439
GOL DWA S S 70 PR 10 1960

+ ( AACHENg BERL INy CERN' LQ IC g VI E NNA }
E L GOLDWASSERg P F SCHULTZ ( ILLINCIS )

PAPERS NQT REFERRED TO IN DATA CARDS

R6
R6

X j&1/2 (Z030 ) INTO LAMBDA KBAR PI
SEEN BARTSCH

{P6}
69 HBC K-P AT 10 GEV. 11/77

MORRIS 75 ANL-HEP-CP-75 —58 MORR ISg OHg PARKER' SMITHS' WHI

TAGORE

( MSU)

R7
R7

XI+ I/2(2030 } INTO SIGMA KBAR PI
SEEN BARTSCH

(P7)
69 HBC K-P AT 10 GEV 11/77

R71 XI&l/2(2030) INTO ( SIGMA KBAR PI)/(SIGMA KBAR) (P7)/(P3)
R71 C (0 ~ 04) OR LESS CL= 95 HEMINGWAY 77 HBC — K-P AT 4 ~ 2 GFV 11/77
R71 C FOR THE DECAY MODE (SIGMA+- K- P I-+) ONLY

Rbl X j&j/2 (2030 } INTO t } AMBDA KBAR PI k/(SIGMA KBAR } (P6) /f P3}
R61 (0 32) OR LESS CL= 95 HEHINGWAY 77 HBC — K —P AT 4~2 GEV 11/77

131 XI+1/2 (2370' JP= ) I=1/2

SEEN BY AMIRZADEH2 79 IN THE CHARGED AND NEUTRAL
LAMBDA/SIGMA KBAR PI MASS S PECT RA FROM THE REACT IQNS
K P & XI& K AND Xj& K PI AT 8e25 GEV/C ~ A SMALL EFFECT
AT THE SAME MASS IS ALSO OBSERVED IN THE OMEGA- K MASS
SPECTRUM
IN NEED OF CONF IRMATIQNg OMITTED FRQH TABLES ~

REFERENCES FOR XI+ I/2(2030)
1 31 XI 4 1/2 ( 2370) MASS (MEV)

AL I TT I 69 PRL 22 79
BART SCH 69 PL 28B 439
ROSS1 73 PURDUE CONF. 345

+BARNES g FLAMI NI Qg MET ZGE Rg + ( BNt g SYRACUSE ) I
+ ( AACHEN t BERL I Ne CERNt LQI C t VI ENNA)
ROSS y LLOYD' RADQJ ICIC ( OXFORD )

94 2373 ~ 8 ~ AMIRZAD2 79 HBC -0 K-P AT 8.25 GEV I/80+

DI BI ANC A 75 NP 898 137
HE M I NG'WA 77 PL 6 8B 197

ALSO 76 PL 6ZB 477

DI BI ANCAg ENDORF (CARN)
HEMINGWAY' ARHE NTEROS+ (AMST+C ERN+NI J M+QXF ) IJ
GAY g ARMENTE. ROS v BERG E+ (AMST+CERN+NIJH)

131 Xj&1/2(2370) WIDTH (ME V)

94 80, 25. AMIRZAD2 79 HBC -0 K-P AT 8 25 GEV I/804

I 03 X I+1/2(2120' JP= ) j~ I/2

THIS EFFECT IS REPCIRTED IN GAY 76 *S A
FOUR STANDARD DEVIATION ENHANCEHENT IN
LAMBDA K- ~ AN ANA LYSI S OF THE SAME DATA BY
HEMINGWAY 77' BUT W ITH ADDITIONAL STATISTICS'

POINT S QUT THAT THE S IGNI F ICANCE OF THE ENHANCEMENT I S GREATLY R EDUCED
IF A RESTRICTIVE FOUR-MOMENTUM CUT (U-CUT) I S MADE THIS SUGGESTS
AN ANCMALCUS PRCDUCTION MECHANISM IF THE STATE IS GENUINE.
CHL I A PNI KOV 79 REPORT A BUMP OF 1 8 EVENTS AT 2 j. 37 ME V IN AN I NCLU S IV E

ANTI-LAMBDA K+ SPECTRUM FROM K+P INTERACTIONS AT 32 GEV/C. THE K+ ARE
NOT UNI QUE LY I D ENT I F I ED BUMPS WITH LOWER NUM BE RS OF EV ENTS ARE AL SO
REPORTED AT 2240' 2830' AND 2540 MEV ~

IN NEED OF CONF IRMATI DNg OMITT'ED FROM TABL ES

Pl
P2
P3

Rl
Rl

R2
R2

131 X I&1/2 (2370) PARTIAL DECAY MODES

XI+1/Z(2370} INTO LAMBDA KBAR PI
X I+ I/2(2370) INTO SIGMA KBAR P I
X I+1/2 (Z370) INTO OMEGA- K

DECAY MA SSE S
1115+ 497+ 1 39
1197+ 497+ 139
1672+ 497

131 XI&1/2(2370) BRANCHING RATIOS

(Pl )
79 HBC -0 K-P AT 8 ~ 25 GEV

(P2 )
79 HBC -0 K-P AT 8 25 GEV

XI&1/2(Z370 j INTO LAMBDA KBAR PI
SEEN AMIRZAD2

XI&1/2(2370) I NTQ SIGMA KBAR Pj
SEEN AMIRZAD2

I/80~

1 /8 04'

2123. 0
18 (2137 )

103 XI&1/2(2120) MASS ( ME V)

GAY 76 HBC — K- P AT 4 ~ 2 GEV 2/77
CHLIAPNIK 79 HBC + ANTI-LAHBDA K+ 1/80+

R3
R3

XI&1/2{2370} INTO OMEGA- K
SEEN AM IRZAD2

(P3)
79 HBC — K-P AT 8 25 GEV

'4c+Q QQ++Q+

1 /804
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Data Card Listings
For notation, see key at front of Listings.

BaryOnS
"(8500), 0, A+, Z (8430), DIBARYONS

REFERENCE S FOR XI+1/2 (2370)

{8 I RM+CERN+ G LAS+MSU+L PNP ) IAMI RZAD2 79 CERN/ EP 79-130 AM I RZADEH+ Z.(@430)
104 SI GMA/C(2430 g JP=

99 XI+ 1/2( 2500' JP= ) I =1/2

I T I S QUITE POSSIBLE THAT THE REASON THE EXP ER IMENTS
DISAGREE ABOUT THE MASS AND WIDTH IS THAT THEY ARE
SEEING DIFFERENT XI &S~ FOR NOWT HOWEVER g WE GROUP

THEN TOGETHER ~

104 S I GMA/C MASS

1 2426 12 ~ CAZZOI I 75 HBC ++ LAMBDA/C+ Pl+
K 9(2500m ) KNAPP 76 SP EC 0 ANT ILAMBPA /C-PI+

1( 2439~ ) OR MORE BARI SH 77 DBC ++ L AMBDA/C+ PI+
K KNAPP 76 MAY NOT BE THE SAME STATE AS CAZZOLI 75 ~ DERUJULA 75
K PREDICT TWO SI GMA/C STATES AROUND 2~4-2 ~ 5 GEV THIS COULD BE BOTH

3/77
3/77
3/77
3/77
3/77

99 X I+1/2 (2500 ) MASS (MEV )

30 2430 0
45 25 00 ~ 0

2 392 ~

20 ~ 0
10 ~ 0
27 ~

ALITTI
BARTSCH
D I BI ANCA

~ ~ ~ ~ ~ 0 ~ ~ ~

A VERAGE MEANI NGLE SS ( SCALE FACTOR = 3 ~ 2)

69 HBC — K-P 4~6-5 GEV/C
69 HBC -0 K-P 10 GEV/C
75 DBC X I 2 PI

9/69
9/69
1/76

104 (SIGMA/C )-(LAMBDA/C+) MASS DIFFERENCE ( MEV)

1 6r5 168~ 3 ~ BA LTAY 79 HL BC ++ l AMBDA/C+ Pl+
1 8 EVENTS W ITH A BACK GROUND ()F 1 ~ 5 IDENT IF I Ep AS
1 NLI+NE--&( MU-)+( SIGMA/C++)+ Xe ( SIGMA/C++)--& (L AMBDAI C+) +(PI+) g

1 (L AM BDA/C+ )--&LAMBDA+( P I+ )

12/79+
12/79N'
12/79~
12/794

150~ 0
59+ 0
75

99 XI+I/2( 2500) WIDTH l MEV)

60.0
27 0
69 ~

40 0 ALITTI 69 HBC
BARTSCH 69 HBC -0
DI BI ANCA 75 DBC X I 2P I

9/69
9/69
1/76

104 S I GMA/C(2430 ) PART I AL DECAY MODES

DECAY MA SSES
Pl SIGMA/C(2430) INTO LAMBDA/C+' PI 2273+ 139

%%40%44%4 CW4C44W44
~ I 4 t ~ I 4 ~

AVERAGE MEANINGLESS (SCALE FACTOR c 1 1 ) REFERENCES FOR SI GMA/C( 2430)

Pl
P2
P3
P4
P5
pe

X 141/2 (2500)
XI &1/2 {2500)
XIII/2(2500 )

XI+I�/2

(2500 )
X I + 1/ 2 {2500 )
XI&1/2(2500)

99 XI %1/2 ( 2500) PARTI AL DECAY MODE S

INTO X I PI
INTO LAMBDA KBAR
IN TO S I GMA KBA R
INTO X I+I/2{ 1530) PI
I tlTO LAMBDA (OR SIGMA) KBAR Pl
INTO XI PI PI

DECAY MASS ES
132 1+ 139
1115+ 497
1197+ 497
1533+ l 39
1 1 1 5+ 497+ 139
132 1+ 139+ 139

CAZZOLI 75 PRL 34 1125
KNAPP 76 PRL 37 882

BAR ISH 77 PR D15 1
BALTAY 79 PRL 26 1721

DERUJULA 75 P R D12 147
LEE 77 PR D15 157

THEORY AND R EV I EW

+GEORG I Y GLA SHOW
+QUI GG ~ ROSNER

(HARV)
{FNAL)

+C NOPS ~CONNOLY t LOUTT I T g MURTAGH+ ( BNL)
+LEEy LEUNGt SMITH + l(OLU+HAWA+ILL+F NAL}

+DERR ICKt DOMBECK g MUSGRA VE + l ANL+ PURD)
+CAROUMBALIS g FRENCHY HI BBSYHYLTON+(COLU+BNL }I

Rl
Rl

R2
R2

R3
R3

R4
R4

R5
R5
R5

XI& 1/2 (2500) INTO ( LAM KBAR)/ l MODES Pl THRU P4) ( P2) /(Pl+P2+P3+P4)
0.5 0 2 ALITTI 69 HBC

XI +I/2 (2500) I NTO ( SIG KBAR) /( MODES Pl THRU P4 ) (P3 ) /(Pl+P2+P3+P4)
0 5 0 ~ 2 AL ITTI 69 HBC

9/69

9/69

XI+I/2(2500) INTO ( XI+ PI ) I( MODES Pl THRU P4) {P4)/(Pl+P2+P3+P4)
(0.2) OR LESS ALITTI e9 HBc 1 sTD DEv LIMIT 9/69

XI&l/2(2500 ) INTO {LAMBDA {OR SIGMA) KBAR P I) /TOTAL
{P5)

SEEN BART SCH 69 HBC -0 9/69

99 XI1/2 (2500) BRANCHING RAT IOS

XI+I/2 (2500 ) INTO ( XI PI ) I {MODES P 1 THRU P4) ( Pl ) /(P 1+P2+P3+P4)
(0 5) OR LESS ALITTI 69 HBC 1 STD DEV LIMIT 9/69

Dibaryon States

Dibaryon resonanaes haVe been predicted theo-
1-4retically and claimed experimentally, but although

considerable evidence for them has been published,
their existence remains controversial. Problems

5with the pp data have been pointed out by Bugg.
Re
R6

X j&l/2(2500) INTO (Xl PI Pl )/TOTAL
SEEN BARTSCH

(P6)
69 HBC -0 9/69

Either the A(O ) data and elastic data at 1 and
L

l. 1 GeV/a are inconsistent, or accepted ideas abaut

ALITTI
BART SCH

69 PRL 22 79
69 P L 288 439

REFERENCES FOR X 141/2{2500)

+BARNESy FLAMINIOe METZGERt + f BNLy SYRACUSE ) I
+ ( AACHENg BERL INg CERNt (.DICE V I ENNA )

Dl BI ANC A 75 NP 898 137 DI BI ANCAg ENDORF

S=—3 I=o HYPERON STATE (0)

the mechanism of the inelastic. a channels are wrong.

Most, significant evidence is included in the

Listings, but there may be omissions, especially in

earlier work. Ne have not. included evidence on

nuclear properties, hypernualei, d"'s, or 6's bound

within the deuteron —though these may be related
24 OMFGA- {1675' JP=3/2+) I =0

SEE STABLE PARTICLE DATA CARO LI STINGS

CHAMPED BARYONE

33 LAMBDA/C+ I 2260' JPI* )

SEE STABLE PARTICLE DATA CARO LISTINGS

to ef feats observed in the search for dibaryon

resonances. Ne have alsa omitted most data. an low
+

energy 7t d ~ pp. There is a large amount, af litera-
ture on this reaction whiah we did nat have t.ime to
review adequately. Most of these experiments are
addressed to the quest. ion of whether there is a

resonance associated with the NA threshold.
The Listings are grouped by strangeness.
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Baryons
DIBARYONS

Data Card Listings
For notation, see key at front of Listings.

3. R. L.- Jaffe, Phys. Rev. Lett. . 38, 195 (1977).
4. J. J. de Swart, Nijmigen preprint THEF-NYN-79-16.

5. D. V. Bugg, J. Phys. G5, 1349 (1979) .

DIBARYONS

1 06 BARYON NUMBER 2 y STRANGENESS 0 STATES

EXP ERIMENTS US ING THE POLARIZED PROTON BEAM AND TARGET AT
ARGCNNE HAVE SHOWN BRGAD STRUCTURES IN THE DIPRQTQN SYSTEM THE OATA
SHOW A SIGNIFICANT DIP IN THE PP TOTAL CROSS SEC TION DI FFERENCE
BETWEEN ANTI-PARALLEL AND PARALLEL LONGITUDINALLY POLAR IZED STA TES.
THIS DIP IS DUE TO A STRUCTURE IN THE PARALLEL CROSS SECTION WHICH
DOF 5 NOT APPEAR IN THE ANTI-PARALLE L CROSS SECTION ~ FURTHER EVIDENCE
I S THE STRUCTURE IN THE ENERGY DEPENDENCE OF THE PP ELASTIC SCATTERING
LEGENDRE COEFFICIENTS IN PURE SPIN STATES ~ THESE EFFECTS HAVE BEEN
INTERPRETED (AUER 77y HIDAKA 77) AS EVIDENCE FOR A 3F3 STATE AT 2260
MEV (2S+leLy J NOTATION) ~ A FORWARD DISPERSIGN RELATION ANALYS IS
t GR E IN 77) OF THE ARGQNNE DATA F IND S A SP I N SINGLET STATE AT 2390 ME V

AND A SPIN TRIPLET STATE AT 2320 MEVy W ITH WI DTHS OF ABOUT 100 MEV
AND 290 ME V y RE SPEC Ti VELY ( THE DI SP ERSI ON RE LA T ION ANALYSIS CANNOT
DET ERMI NE J ) A PART I AL WAVE ANAL YS IS ( HQ SHIZAK I 77) OF ARGGNNE
AND OTHE R DATA FA VGRS A 3F3 R ESQNANT STAT E AT 2260 MEV y W IT H A W IDTH
BETWEEN 100 MEV AND 250 MEV. AUER2 78 PRESFNT AN ANALYSIS OF THE
SPIN-SPIN CORRELATION PARAMET ER CLL~C {LeL:Oy 0) AND FINO A POSSIBLE 1G4
RESGNANCE AT 2500 MEV AN A 102 AT 2140y IN ADDITION TQ THE 3F3 AT
2260

Ml NAMI 78 HAS PRESENTED CiR IT I CISM OF THE ANALYSIS OF BOTH
HIDAKA 77 AND HOSHIZAKI 77 AND SUGGE STS THE OBSERVED FFFECTS ARE
CQNSI STENT WITH THE ABSENCE OF A RESGNANCE ~

ADDI TIONAI EVIDENCE FOR THE EXISTENCE OF A DI BARYON RESONANCE IN
THE 2350 ME V REGION C GMES FROM A PHQTODI S INTE GRA TIQN EX PERI MENT
(KAMAE. 77 AND I KEDA 79) y WHER E AN ANOMALY IN THE POLAR I ZAT ION I S
CONSISTENT WITH AN I=Oy J=3 STATF~

UEDA 78 SUGGESTS THE 3F3 STATE IS A ( PI N N ) SYSTEM WI TH THE
Pl N SYSTEMS IN THE DELTA33 RESONANCF ~

MACGREGOR 79 RELATES THE PROPOSED RE SONANCE S AT Z140y Z260e
AND 2430 TO ROTATIONAL LEVELS OF A VIRTUAL P-P-P I( 2020 ) BOUND
STATE QHBA 79 DI SCUSSES A RELATION BET'WEEN THE PROPOS ED 2Z60
RESCNANCE AND THE Al-Z EXHANGE DEGENERACY ~

BUGG 79 POINTS QUT AN INCONSISTENCY BETWEEN THE LONGITUDINALLY
POLARIZED CROSS SECTION DATA AND THE REAL PART OF THE CORRESPONDING
FORWARD AMP LI TUDE BELOW THE REGION GF THE RESONANCES CLAIMED BY THE
ARGGNNE GROUP ~ WANTANBE 79 CALCULATES LARGER-THAN-EXPFCT ED CORRECTION
FRCM COULOMB-NUCLEAR INT ER FER ENCE TG PURE SPI N S TATE CROSS SECT I GNS o

I N SPI TE OF THE PROGRESS MADE BY RECENT WORKy MORE FXP ERI MENTAL.
EV IDENCE IS NEEDED BEFORE THE EXI STENCE OF A TWQ-NUCLEON RESONANCE
CAN BE CQNSI DERED iCONFIRMED IT IS UNLIKELY THAT THE DIPRQTQN( S) CAN
BE FIRMLY ESTABLI SHED UNTIL MUCH MORE INFORMATION ON ANGULAR
DISTRIBUTIONS WITH POLARIZED BEAM AND TARGET IS AVAI)ABLE ~

THE GENEVA GROUP HAS RECENTLY MADE ACCURATE MEASURMENTSy BUT THEY
ARE NOT YET READY TQ PUBLISH THEIR RESULTS PRELIMINARY RESULTS
PRESENTED AT THE 1979 CONFERENCE ON HIGH ENERGY PHYSIC S AND
NUCLEAR STRUCTURE ( VANCOUVER) MAY Dj SAGREE WITH THE C( LyL: Dy 0 )
MFASUREMENTS FROM ARGGNNE

106 8=2 y S=O STATES —,MASS (ME V)

( 2390 ~ ) GRE I N 77 CN TR.
(2320 ~ ) GRE IN 77 CNTR
(2260. ) Hl DAKA 77 CNTR
(2260 ' ) HOSHI ZAKI 77 PWA
(2260. ) AU ER 1 78 CN TR 3F3
(2500m ) AUER2 78 CNTR 1G4
(2140 ~ ) AUER2 78 CN TR 102
(2220. ) HOS H I ZAKI 78 PW A 3F 3
{2350.) KAMAE 78
(2170 ) HQSHIZAK I 79 PWA 1D2
t 2360. ) I KEDA 79 CNTR
(2187 ~ ) KAMQ 79 1D2
{2216. ) KA MQ 79 3F3

GREIN 77 USES DATA OF DEBOER '75 AND AUER 77 FOR Dl SPERSI ON ANALYSIS
HOSHI ZAKI 77 PRESENTS SOME RESULTS FROM A PARTIAL WAVE ANALYSIS OF

ARGGNNE AND OTHER DATA ~ WI DTH OF THE 3 F3 I S BETWEEN 90 AND 350 ~

AUER1 78 CONT jNUES THE TRANSMI SS IQN EXPERIMENT OF AUER 77 ~

AUER2 78 AUGMENTS THE APPARATUS US ED IN AUER2 78 TO MEASURE
CLI FOR P P ELASTIC SCATTERING

HOSHI ZAK I 78 GIVES A NEW EST IMAT E OF THE 3F3 MASS AN D WIDTH y

USING ADDI T I ONAL ARGQNNE DATA.
KAMAE 78 IS A GAMMA D --& P N EXP ~ BETWFEN ~ 35 AND . 75 GEV E GAMMA

THEY OBSERVE A SHARP PEAK IN POLARIZATION AT 5 GEV Et GAMMA)
IKEDA 79 I S A CGNTINUATIQN OF KAMAE 78 AND MEASURES

GAMMA 0 —& P N ANGULAR D ISTRIUT ION BETH EEN .4 AND 65 GE V.
THEY ASSUME THE 3F3 AT 2260 y AND PREFORM A PWA ~

KAMO 79 STUDIES P P --& P I+ D THEIR F ITS HA VE SE VERA L OTHER
RE SGNANC ES y W I TH UNSTABL E MASS ES ~

M G

M G

M E
M H

M A

M U

M U

M 0
M K

M S
M I
M M

M M

M G

M H

M H

M A

M U

M U

M 0
M 0
M K

M K

M I
M

M I
M M

M M

106 B= 2y S=O STATES — WIDTH {ME V)

( 100.0)
( 290~0 )
( 200+ 0)
( 150 ~ )

50 TG 100 ~

t 240. ) TQ ( 340 ~ )
100 ~ TQ 150 ~

t85. 1

( 125~ )

2390 ST AT E
2320 STATE
2260 STAT E
2260 STAT E
2220 STA TE

GREIN
GREIN
HIDAKA
HGSHIZAKI
HOSHIZAK I
IKEDA
HQSH IZAKI
KAMO
KA MQ

77 CNTR
77 CN TR
77 CNTR
77 PWA

78 PWA
79 CNTR
79 PWA
79
79

W G

G

W E
W H

W 0
W I
W S
W

W M

2 170 STATE
1D2
3F3

REFERENCES FOR 8=2 S=O STATES

+R.FERNQW y A, KRISCHy+ ( M I CH+ ANL+ S TLO)DEBQER 75 PRL 34 558

AU ER
ALSO

GR E IN
HIDAKA

ALSO
HOSHI ZAK

ALSO
ALSO

AUER1
AU ER2
BIEGERT
BRYAN

ALSO
HO SH I ZA K

KAMAE
ALSO
AL SO

77 PL 678 113
77 ANL-HEP-CP-7707
77 NP 8133 173
77 PL 708 479
77 PL 708 475
77 P TP 58 716
77 PTP 57 335
77 P TP 57 1099

+E CQLTONe D. HILL yK N I ELDy+ ( ANL+NWES )
A YGKQSGWA ( ANL)
W GREI Ny Pe KRGLL (KARL+WUPP)
+BER ETVAS y H~NI ELD e H ~ SP I NKAy+ {ANL) JP
I P ~ AUER y A BERET VAS y E o CQLTQNy D~ HILLy + ( ANL )
N ~ HGSH I ZAKI {KYOTO) JP
No HOSHI ZAK Iy T oKADOTA ( KYOTO)
N. HOSHI ZAKI ( KYQTO)

78 PRL 41 354
78 P RL 41 1436
78 PL 738 235
78 P L 748 321
78 PR C18 371
78 PTP 60 1796
78 NP 8 139 391
77 PRL 38 468
77 PRL 38 471

+COLTONy HALP ERNe HI( Le S P INK A+ (ANL)
+BERE TVA SyCCL TON y HALPERNyHILLy Nl ELD+ ( ANL )
+BUCHANANy CL EMENTy DRAGQ SET+{R ICE+MICH+HGUS)
Re BRYAN y R ~ C LARK+ 8 ~ VE RW E ST (TAMU )
R ~BRYANe R ~ Be CLAR K+8 ~ VER WEST ( TAMU)
N HOSHIZAKI (KYOTO )
+I ARA I y T. FUJI I yH ~ IKEDA y+ (TGKY+KEK)
+I ~ ARAI ~ T ~ FUJI ly H ~ IKEDAy+ ( TQKY+KEK )
Te KA MAE AND T ~ FU Jl TA (T QKY )

N ~ HOSHIZ AK I ( KYOTO )
IKEDA A RA I F UJ I I I WA SAKI KA JI URA+( TOKY KEK)
H KA MO+W W AT ARI ( R .I .A ~ F-QSU)

HQSHI ZAK 79 PTP 61 129
IK EGA 79 PRL 42 1321
KA MO 79 NCL 26 45

PAPERS NOT REFERRED TO IN DATA CARDS

10/77
10/77
10/77
10/77

3/79&
3/79+
3/79+
3/79yj

10/77
3 /79+

12/794
12/794
12 /794'
10/77
10/77
10/77
3/79~
1/ 804
I/80~
3/79+
3/ 79+

10/77
10/77
12/794
12/794'
12/79&
12/79~
12/79+

10/77
10/77
10/77
10/77

3/79+
I /80'4
3/79~

12/794
12/794

106 8=2y S=0 STATE S — CROSS SECTI CN

KANE 76 PRD 13 2944
BRAYS HAW 76 PRL 37 1329
KL GET 77 LA- UR-77-2321
M I NAM Il 77 OCU-37
MINAMI2 77 PL 748 120

G. L. KANEy G ~ H THOMAS ( MICH+AN{ )
0 D ~ BRAYSHAW t SLAC)
+R ~ R SI LOAN y R. AARGNy+ ( LASL+RUTG+NEAS+P ENN)
S ~ MINAMI ( OSAKA)
S ~ MI NAMI ( OSAKA)

C l.L
PWA

CS 0
CS C
CS E
CS
CS
CS 8
CS R
CS 0
CS 0
CS I
CS D

CS C
CS E
CS E
CS 8
CS 8
CS 8
CS R
CS R
CS 0
CS 0
CS 0
CS 0

NGT SEEN DE BOER 75 CNTR TP
S EEN AUER 77 C NTR LP
SEEN HIDAKA 77 CNTR LPy LEG
SEEN AUER1 78 CNTR LP
SEEN AU ER2 78 CN TR CLL
PQSSI BI Y SEEN BI EGERT 78 CNTR TP
NGT SEEN BRYAN 78 CN TR PWA
SEEN HQSHI ZAK I 78 CN TR P WA

SEEN HQSHI ZAKI 79 CN TR PWA

S EEN IKEDA 79 CN TR GAMMA 0
DEBGER 75 STUDY LP AT 2 y3y4 AND 6 GEV/C AT ARGONNE G
AUER 77 STUDY LP FROM 1 TQ 2 ~ 5 ~ THEY OBSERVE A DIP AT 1 ~ 5 GEV/C G
HIDAKA 77 USE DATA FROM THE S AthE EXPERIMENT AS AUER 77 ~

THEY FAVOR S=1y L=3y J=3 QUANTUM NUMBERS FOR THE 2260 EFFECT
BIEGERT 78 STUDIES TP fROM 1 TO 3 GEV/C ~ THEY OBSERVE STRONG

VAR I AT I GN OF TP e WHI CH MAY BE RELATED TO THE 2260 EFFECT SEEN
IN OTHER STUDIES

BRYAN 78 OBTAINS I~O PHASE SHIFTS FROM N P SCATTERING AT
325 GEV/C AT TRIUMF e

HQSHI ZAKI 78 AND 79 PREFORMS A PARTIAL WAVE ANALYSI S FGR P P
INTERACTIONS IN THE C ~ M ~ MASS RANGE 2 1 TO 2 ~ 8 GEV ~

HOSHIZAKI 78 DISCR IBES A 3F3 STATF AT 2220 ME V

HOSHI ZAKI 79 DISCRIBES AHE 1D2 STATE AT 2170 MEV.

THIS SECTION WE USE THE FOLLOWING ABBREVIATIGNS FOR MEASURED QUANTITIES ~

LP THE ENERGY DEPENDENCE OF THE P P TOTAL CROSS SECTION
DIFFERENCE BETWEEN ANTI-PARRALLEL AND PARALLEL
LONGI TUDNALLY POLARIZED SP IN STATES ~

TP THE ENERGY DEP ENDENCE OF THE P P TOTAL CROSS SECTION
DIFFERENCE BETWEEN ANTI-PARRAl LEL AND PARAl LEL
TRANSVERSLEY POLARIZED 5'PIN STATE S ~

j EG THE ENERGY DEPENDENCE OF THE L EGENDR E COEFF IC IENTS FOR
P P ELASTIC SCATTERING IN PURE SPIN STATES.
THE CORRELATION PARAMETER C(LyL;Oy0) FOR P P SCATTERING
PARTIAL WAVE ANALYSIS FOR P P SCATTERING'

10/77
1 0/77

2/78
I/804
1/ 804
I /804

12/ 794
3/79&
3/79+
I /804

10/77
10/77

1/804'
I /80'4
1/80*

IZ/79+
1.2/79+
3/79+
3/79~
3/79*
3/79+

KRQLL 78 MORI QND 78y P331
MI NAMI 78 PR D 18 3273
UEQA 78 PTP 59 2

ALSO 78 PL 748 123
ALSO 78 PL 798 487

P KRQLL
SH I G E 0 MI NAM I
T UEDA
T ~ UEDA
T UEDA

( WUP P ER TAL)
(OSAKA)
t OSAKA)
( OSAKA )
(OSAKA)

BUGG 79 J PHYS G5. 1349 De V~ BUGG
HI CAKA 79 ANL-HEP-PR-79-25 K HIDAKA+A ~ YGKOSA WA

MACGREGQ 79 PRl 42 1724 MALCOLM MACGREGOR
ALSO 79 PRO 20 1616 MALCOLM MACGREGOR

GHBA 79 PR 023 1115 ICHIRG QHBA
WANTANBE 79 PR D19 1022 Y WANTANB E

ifyify ity 4yli yji

(L QQM )
( ANL)
( LLL)
(LLL )

( WAS EDA)
(ANL )

107 BARYON NUMBER 2y STRANGENESS -1 STATES

THE POSITIVE EVIDENCE FOR A LAMBDA P RESONANCE
COMES FROM EXPERIMENTS USING NUCLEAR TARGETSy USUALLY
DEUTFRIUM. THIS EVIDENCE IS COMPLICATED BY NUCLEAR EFFECTSe
BUT EVEN MORE SERIOUS AMBIGUITIES ARISE FROM THE FACT THAT
THE MOST LIKELY LAMBDA P RESQNANCEy AT 2130 MEVy LIES PRECI SELY
AT SIGMA NUCLEON THRESHOLD

BRAUN 77 E XAMI NE THE T DEP ENDE NCE OF THE 2130 MEV ENHANCEMENT
AND FIND TWG COMPONENTS ~ THE PERIPHERALLY PRODUCED PART OF THE
2130 MEV PEAK I S NARROW AND HAS A STEEP T DEPiENDENCEy W HILE THE
LARGE T EVENTS FORM A BROAD ENHANCEMENT AT SI GMA NUCLEON
THRESHQLDy WHICH IS I NTERPRFTED AS NON-RESONANT ~ BRAUN 77 FAVOR
THE DEUTFRQN-LIKE 3SI ASSIGNMENT FOR THE NARROW PEAK ON THE BAS IS
QF ITS PERIPHERAL PRODUCT IONy BUT THEY CANNOT EXCLUDE THE PQSSIBILI TY
THAT IT IS A NGN-RESONANT CUSP EFFECT ~

DQSCH 78 ANALYZES THE 2130 EFFECT BY CALCULATING DIRECTLY
THE ABSORPTION PART DUF. TQ THE SIGMA-NUCLEON IN THE LAM BDA-P
CHANNEL AND DETE RMI Nj NG THE DI SPERS IVE PART BY A DI S PERS ION RELATION
DOSCH 80 EXTENDS THIS ANAl YSIS TO SHOW THAT THERE IS A POLE IN
THE 3Sl AMPLI TUDE CORRESPONDS TG AS A BOUND
STATE IN THE SIGMA-N CHANNEL AND A RESONANCE IN THE LAMBDA-P
CHA NNEL ~

Rev. Mod. Phys. , Vol. 52, No. 2, Part ll, April 1980
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Data Card Listings
For notation, see key at front of Listings.

Baryons
DIBARYONS

EXP ERI MENT S USING FREE HYPERON BEAHS MAY LACK THE STAT ISTICAL
SENSITIVITY TQ OBSERVE THE 2130 MEV EFFECT SEEN IN THE NUCLEAR
TARGET DATA'

CS
CS
CS
CS
CS
CS Z

CS R
Cs Q
Cs Z

Cs Z

Cs R
Cs R
Cs R
CS R
Cs 0
Cs 0

107 LAMBDA P(2130} PEAK — CROSS SECTION (MICRGBARNS)

NQT SEEN . ALEXANDER 68 HBC LAM P ELASTIC
NQT S EEN BUNNEL 70 HEBC K- STOP IN HE
NQT SEEN KADYK 71 HBC LAMBDA P SCATTER
NOT SEEN HAUPTHAN 74 HBC LAHBDA P ELASTIC

(25 ' ) (5 ' ) BRAUN 77 DBC K-D ~ 68- ~ 84 GE V/
( 22 ~ 0) (7~ 0) SHAHBAZ3 78 HL 8C N C AT 7 GEV/C

NOT SEEN ROOS EN 79 HE 8'C K- STOPS I N HE
SEEN DOS CH 80 DB C

SHAHBAZ3 78 CLAIMS PEAK A S EITHER RESGNA NC E OR SIGHA-NUCLEON
SCATTER ING LENT H EFFECT ~

RQOSEN 79 STUDIES K- HE --& LAMBDA Pl- P 0 AT REST ~

THEY FIT THE PEAK 'WITH A MODEL INVOLVING ONLY LAHBDA-SIGHA
CQNVERSICN AND RESCATTERING PROCESSES ~ MOST OF THE PEAK
IS DUE TG LAMBDA-SIGMA CQNVERSIQN OFF A SINGLE NUCLEON ~

DGSCH 80 CLAIHS 2130 PEAK CONTAINS A STATE WHICH IS LAHBDA-P
RE SONANCE AND SI GHA-NUCLEON BOUND STATE ~

10/77
10/77
10/77
10/77

2/78
12/794
12/794

1/8 (H'

12/79%
12/79+
I2/794
12/79+
12/794
12/794

j/80%
j/804

OGSCH
GOYAL
NISHIHUR
SHAHBAZ1
SHAHBA23

ALSO

NAGEl S
ROOSE N

OOSC H

DA HL
P I ROUE
GOYA L

78 PR 018 4071
78 PRD 18 948
78 UT-309
78 JI NR-El-11774
78 JINR-El-11877
76 JI NR- Dl 2-10400

79 PR 020 1633
79 Nc 49 217

H»DOSCH+V ~ HEPP
D GQYAL+A SQDHI
A»NI SH I MUR A

8 ~ S HAHBAZ I AN

8 ~ SHAHBAZI ANe TEHNI KOVe T IMQNINA e+
8 ~ SHAHBAZIANe TEMNIKOVe T IMONINA ~ +

M»NAGELS e T ~ R I JKEN+DE SWART
+V ANDERV EL DE-W IL QUET W I CK EN S+

80 TO BE PUB IN ZPec H DOSCH+STAMATESCU

( HEID)
( DELHI )

( TGKY }
( JINR)
( J INR)
( J INR)

( NI JM)
{LOUC+BRUX)

(HEID)

61 PRL 6 142
64 PL 11 164
71 PR D3 1259

PAPERS NOT REFERRED TQ IN DATA CARDS

0» DAHL e N ~ HORW IT Z e 0 ~ MIL L ERe J ~ MURRAY e+ ( LBL )
P ~ A ~ P IROUE ( PRIN)
D ~ P ~ GOYA L ( DELHI )

108 BARYON NUHBER 2e STRANGE NE SS -2 STATES

M

M

J
M F
M E
M I
M S
M

M

M 0
M G
H P
H Z

M N

M O
H J
M J
M F
M F
H E
M I
M S
M S
M S
M G
M P
M P
H D

M 0
M D

M N

M N

M O

107 LAMBDA P {2130) PEAK — MASS ( HEV)

K- 0 AT 1 4+ 1 ~ 6
K-D ~ 68- ~ 84 GE V/

K-D AT 1 ' 4+1 ~ 6

(2126 ~ ) CLINE 68 DBC K- AT 400 MEVIC
{2130~ ) ALEXANDER 69 DBC K- FRGH ~ 9TGj» 1
( 2110~ ) JA IN 69 EHUL K- AT REST
2128. ~ 2 TAN 69 DBC

( 2129 ~ 0) EASTWOOD 71 DBC
2127.0 1 ~ 0 SI Ms 71 DBC
2125 ~ 2 . 2 ~ 5 SHAHBAZI A 73 HL BC

(2115~ ) SQ DHI 75 DBC
2129 ~ 0 0 ~ 4 BRAUN 77 DBC

(2129 ) DGSCH 78
(2130 ~ ) GOYAL 78
{2128 4} NISH IHURA 78
( 2128 ~ 4) SHAH BAZ3 78
(2 128 9) NAGELS 79
{2129 3) DQSCH 80

GQYAL 7 1 RAISES DOUBTS ABOUT THE EXPERIMENTAL PROCEDURE USED IN
JAIN 69 ~

TAN 69 I S STOPPI NG K- I N DEUTERIUH ~ THEY OB SERVE A SECONDARY
SH OLDER AT 2 139 MEV

EASTWOGD 71 I S K- D AT 1»45 AND 1»65 GEV/C
SIMS 71 IS K- D FROM ~ 67 TO 925 GE V 3 + 4 BODY PEAK ~

SHAHBAZI AN 73 IS iN C AT 7 ~ 5 AND PI- C AT 4 ~

2125 2 PEAK NQT CLAIMED AS A RESONANCE -- RATHER (SIGMA P)
SC ATT ER I NG L EN GT H EFF ECT»

GQYAL 78 OBSERVE PEAKy DO NOT CLAIM RESONANCE «

NISHIMURA 78 IS A PHASE SHIFT ANALYSIS QF DATA OF BRAUN77 AND TAN69
CONCLUDES THE 3S 1 PHAS E CROSSES 90 .BELOW ( S IGeP ) T HRESHOLD ~

DOSCH 78 ANALYZE S DATA OF EASTWQOD 71 AND BRAUN 77«THEY CONCLUDE
THAT THE 2129 PEAK IS DUE TG A COMBINED EFFECT OF A CUSP DUE TO
THE DEUTERON AND A SHARP MAXIMUM IN THE SIG N --& LAM N AHPLITUDE

NAGELS 79 HASS AND WIDTH ARE FROM POLE POSITION GIVEN BY A

POTENT I AL MODEL ANALYS IS ~

DOSCH 80 MASS AND 'WIDTH ARE FROM POLE POSITION ~

I 0/77
10/77
10/77
10/77
10/77
10/77
10/77

3/79»
10/77
12/794
3/79*
3/79
I/804

I2/794
1/804

j2/79+
12/7M
10/77
10/77
10/77
10/77
10/77

3/79~
3/79(
3/7M
3/79~
3/7M

12/794
12/79~
12/79+
12/79+
12/79II

I/804'

Cs
CS
Cs A

Cs S
CS W

CS W

Cs A

CS A

CS S

108 B2e 5~~2 STATES — CROSS SECT IQN (HICRQBARNS/NUCL ~ )

( 10 ~ 0) (7.0 ) BEILLIERE 72 HLBC K- AT 2 ~ 2 GEV/C
NGT SEEN W ILQUET 75 HL BC K- AT 2 ~ 2 GEV/C
NOT SEEN GUY 77 HBC K- PT AT 12 GEV

24 ' 2 7 ~ 0 SHAHBAZ2 78 HLBC N C AT 7 GEV/C
WILQUET 75 SUPERSEDES BEILLI ERE 72 WITH TWICE AS MUCH DATA«THEY

LOOK AT XI INTERACTIONS FROH ~ 8 TO 2 ~ 2 GEV/C ~

GUY 77 I S 12 GEV K- ON PT PLATES FORMS . L AMBDA BEAH ~

SUGGESTS BROAD e LGW MASS PEAK I S DUE TG RE SCATT ERI hG

SHAHBAZ2 78 GIVE CS IN HU-BARN/NUCLEUS FOR, LAMBDA-LAMBDA RESONANCE»

2/78
10/77
10/77
3/79+

10/77
10/77
10/77
10/77
3/79+

108 8=2e S=-2 STATE S — MASS (MEV)

( 2370 0)
(2365 3)
(2480 ~ )

(9»6}
BEILLIERE 72 HLBC K AT 2 ~ 1 10/77
SHAHBAZIA 73 HLBC 2 ST ~ DEV ~ PEAK 10/77
GOYAL 79 DBC 1 4~1 ~ 65 K- D I/80ie'

108 8=2 e S~2 STATES —WIDTH (MEV)

(47»2) (15»1) SHAHSAZI A 73 HLBC 2365 MEV PEAK 10/77

REFERENCES FOR 8=2 e S~-2 STATE S

EXPERIHENTAL EVIDENCE FOR RESONANCES IN THE STRANGNESS = -2
Dl BARYON SY ST EMS I S NOT V ER Y STRONG e THOUGH RE SONANCE S ARE PRE DI CTE0
( JAFFE 77) ~

J
W F
W E

W S
W

W

W Z

W N

k Q

(10~ )
(20 )

7 ~

(20 ' 0)
8 0

20«6
{150~ )

5 ~ 9
2 «3

(4» 78)
(10 3)

~ 6

l»0
5 2

1 ~ 6
0 ~ 6

CL INE
JA IN
TAN
EASTWOOD
SI Ms
SHAHBAZIA
SODHI
BRAUN
SHA'HBAZ 3
NAG ELS
DOSCH

68 DBC
69 E MUL
69 DBC
71 DBC
71 DBC
73 HL Bc
75 DBC
77 0 BC
78 HL BC
79
80

107 LAHBDA P ( 2130 ) P EAK — W I 0TH(H EV)

K D AT 1 4+1~ 6
K-D 68-' 84 GEV/
N C AT 7 GEV/C

10/77
10/77
10/77
10/77
10/77
10/77
3/79+

10/77
3/79ee

12/ 79%
1 /804'

BE ILL IER
SHAHBAZI
WI LQUET
GUY
SHAHBAZ2
GG YAL

72 PL 398 671
73 NP B53 19
75 PL 57B 97
77 RL-77-054-A
78 JI NR- E1-11839
79 TO APPEAR I N

JAFF E 77 PRL 38 195 R ~ L ~ JAFFE ( SLAC+ HI T )

BEI LLI ERE MAYEUR + ( BRUX+CERN+TUFT+LQUC )
8 ~ SHAHBAZ I AN e A ~ TIMON I NA {JINR)
+KNIGHT e GUY e+ ( BRUX+TUFT+LQUC+CERN+RHEL )
J G «GUY+ J~ KADYK ( RHEL+LBL )
8 ~ SHAHBAZI AN P ~ TEMNIKQV+A TIMQNINA ( JINR)

PRD 0 ~ GOYA L ~ J ~ HI SRA e A ~ SQDHI {DELHI )

PAPERS NQT REFERRED TG IN DATA CARDS

107 OTHER LAMBDA P PEAKS — CROSS SECTION (MICROBARNS)
115 BARYON NUMBER &=2e STRANGE NE SS 2 STATES

Cs Z 85 ~ 3 20 ~ 0 SHAHBAZ3 78 HL BC 2 256 ~ 5 PEAK 3/79+

107 OTHER LAMBDA P PEAKS — HASS (MEV)

2 098~ 6 ~ CGHN 64 HE BC S I GM A- STOPS IN HE 12/79+
S (2251.-4) (3»9) SHAHBAZ I A 73 HL BC 10/77
H (2256. 5) (1 ~ ) . SHAHBAZj 78 HLBC 3/79+
M SHAHBAZ1 78 CLAIMS 2256 PEAK AS A RESONANCE ~ 3/79+

107 OTHER LAMBDA P PEAKS — WIDTH(MEV )

CS S
Cs S
CS C
Cs C
Cs C

115 8&=2e S=-2 STATES — CROSS SECTION (HICROBARNS)

16»1 5 ~ 2 SHAHBAZ2 78 HLBC N C AT 7 GEV/C
SHAHEAZ2 78 EFFECT IS FOR 8=3 ~

LESS THAN «13 CARROLL 78 SP Ec P P -& 2K+ ANY

CARROLL 78 SET UPPER LIMITS FROM 03 TG 13 HU-BARN FGR DILAHBDA
STATES ~

3/79~

3/79+
3/79~
3/79+

W

W S
W H

20
(21 ~ 1)
{10 )

10 ~

(5 ~ 4)
(1 2)

COHN 64 HEBC SIGMA- STOPS IN HE 12/79+
SHAHBAZI A 73 HL BC 2251 4 P EAK 10/77
SHAHBAZ1 78 HLBC 2256 PEAK 3/79~ ( 3568 ~ 3)

115 B&=2e 5=-2 STA TE S — MASS (HEV)

SHAHBAZ2 78 HL BC 3/79~

CGHN
ALEXANDE
CL INE
AL EXANDE
JA IN
TAN
BUNNEL

64 PRL 13 668
68 PR 173 1452
68 PRL 20 1452
69 PRL 22 483
69 PR 187 1816
69 PRL 23 395
70 PR 02 98

REFERENCES FOR 8=2e S=-1 STATES

H ~ 0 COHNe K «BHATT ~ W «H ~ BUGG ( QRNL+ TE NN )
ALEXANDEReU ~ KASHORNe A ~ S HAPIRAe + (REHO+HEI0)
+R LAUMANN+J ~ HAPP ( Wlsc)
ALEXANDERe HALL ~ J EWe KALHUSe KERN AN (LBL+UCR )
P» L ~ JAIN (BUFF)
TA I HQ TAN {SLAC)
+DERRICKeFIELDSeHYMAN+KEYFS (NW Es+ANL )

W S &60 ~

115 8&~2e S~ 2 STATES — W IDTH(ME V )

SHAHBAZ2 78 HLBC

CARROLL 78 PRL 41 777
SHAHBAZ 2 78 JI NR- E 1-11839

REFERENCES FOR B&=2e S=-2 STAT ES

+CHI ANGe JGHNSONe KYCIAe K le+ ( BNL+PRIN)
8 ~ SHAHBAZI AN P ~ TEHNI KOV+A ~ TIHONINA ( J INR)

EAST WOOD 71 PR 03 2603
KADYK 7 1 NP B 27 13
S IMS 71 PR D3 1162

+FRY e HEATHCOT E ~ ISLANe+{ BIRM+ED IN+GLA S+LOIC )
+ALEXANDER eCHANe GAPOSCHKIN+TRI LL ING -( LBL )
+GNEALL eALBR IGHT e BRUCKER+LANNUTTI ( FSU)

SHAHBAZ I 73 NP 853 19
HAUPTMAN 74 LBL-3608
SQDHI 75 NP 897 403

8 ~ SH AHBA Z I AN+A ~ T I MQNI NA

J M HAUPTMAN (THES IS )
A ~ SODH 1+0~ GQYAL

{J INR)
( LBt. )

(DELHI )

BRAUN 77 NP B124 45 +H ~ GRIMMe V ~ HEPP e H ~ STRQ 8 ELEe.+ (HE ID+MPI M )
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Appendix I

TEST OF BI=1/2 RULE FOR K DECAYS

The quantities of interest for making tests of theoretical
predictions regarding the BI=i/2 rule for K decay are usually
partial decay rates for single channels or special sums of
channels. It is not possible to compute the errors on sums,
differences, and ratios of partial decay rates from t.he
information given in the Table of Stable Particles because of the
presence of off-diagonal terms in the error matrix. For this
reason we give some of these quantities in Table I. Throughout
this Appendix, italics are used to indicate that: a quantity has
changed by more than one {old) standard deviation since our
previous edition, and S gives the scale factor included in the
quoted error because of inconsistencies in the data (see footnote
at end of Stable Particle Table for definition of S).

Three-pion decays
We follow here the tests done by Mast et al. , based on the

general analysis of K decays suggested by Zemach. Both decay
rates (I ) and slopes (g, the energy dependence of the Dalitz plot
distributions) are used. The AI=1/2 rule predicts that t he
following test quantities are all equal to zero:

Test 1 = 3

K (000) K (+-0)

Test 2 = 1
4

These results seem to show a less than Ze disagreement with the
predictions, but the errors should be regarded with caution in

of the internal disagreements in the data. (Note the
ideograms in the Data Listings for the charged K meson. )

Table I. (000) and (+-0) refer to the sign of'

the pions into which the Kt decays.

Test 3 = 1

1 KP{+—0) —1

= (6.484+0. 089)10 sec

S=i .7

= (12.70+0. 15)10 sec S=i . 1

S=1.3

1. Leptonic decay rates

r =r +r
l3 e3 ps3

/ = 0.663+0.018
JJ3 e3

= 3.226+0. 082
T

K K Kl3 e3 ~3

ps3 e3

K (000) K (+—0)

1Test4=
& g ++g +,

T T

Test 5= gKp( )
+g + ——g +

The g; are phase —space factors which have been calculat. ed as
described in Mast et al. by use of a relativistic formulation and
the masses and slopes from this edition. The factors labeled
UDP are the relative areas of the Dalitz plots, -assuming a
uniform distribution. The NUDP include the observed slopes
(see below). The CNUDP have been calculated by including the
final —stat, e Coulomb interaction.
The values are:

The l rates are useful in testing the leptonic BI=1/2 rule
Kc~

in the way &uggested by Trilling. The predictions are

r Kp /~rK = 1.01, a phase —space factor,
E3 l3

y, (ooo) =
~,(+-0) =
Q3(++—) =
y, (+00) =

UPP
1.490
1.221
1.000
1 . 247

Method
NUDP
1.490
1.303
1.000
1.173

CNUDP
1.444
1;287
1.000
1.137

r, /r, =r /r
~3 e3 ~3 e3

From Table 1,
For convenience, we repeat the slope parameters tabulat, ed

in the Stable Particle Table. They are as follows:

p3

r p r
Ke3 ~~ Ke3

= 1 . 048%0 ~ 038 ~

l Kp / ZrK = 0.979+0.018
S3 l3

and
-O. Z15~0. 004

T

KT

-O. 217+0.007

-0.215+0.003

0.607+0.030

g p = 0.670+0.014

S=i . 4

S=Z. 5*

S=d. 3

S=1.6
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A difference in the ~+ and ~ slopes would be an indication of CP
violation in this decay. Since no difference is observed at this
time, we average he two and use this value in Test 4 and Test 5.

We use the CNUDP factors and the rates and slopes reported
in this edition to compute the five test quantities which the
AI=2/2 rule predicts to be zero. The results are:

Test 2 = 0.030+0.045
Test 2 = -0.083+0.023-
Test 3 = 0.226+0. OZO

Test 4 = 0. 088sO. 046
Test 5 = 0. 45Z+O. OZi

The three —pion final state can be in isospin states I
1,2,3. Tests 1 and 2 test the existence of isospin I = 3 in the
final state. Since the rate tests (Tests 1, 2, and 3) could differ
from zero by as much as O. i owing to the mass d&fferences and
the occurrence of big slopes, no evidence for I=3 is found. Test
4 is related to the I=2 amplitude in the final state and indicates
the presence of I=2. Tests 3 and 5 give information on the
BI=3/2 part of the I=i amplitude relative to the BI=2/2 part.
Both tests indicate the presence of BI=3/P. .
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Appendix II

TEST OF hI~1/2 RULE FOR HYPERON DECAYS

O. E. Overseth
University of Michigan

1. Nonleptonic decay Amplitudes
In this edition we again use the new convention for the

amplitudes A and B adopted in 2973. Some theorists have
suggested that dimensionless amplitudes are more useful to
them than the ones appearing in the literature. Berge used a
convention with A and B in units of sec / . Samios used a
convention which gave A and B in units of (MeV-sec)
Following is the convention suggested by Jackson, which gives
dimensionless A and B.

The effective Lagrangian density for nonleptonic hyperon
decays (B2 ~ B~ + n) can be written

~ ff
= GP [4'p(A+ By5)e 2 )4 ~

where G=10 m ~ is a coupling constant characteristic of
P

first-order weak decays, p~ is the charged pion mass, and A and
B are dimensionless complex numbers giving the relative
amplitudes of the parity-violating and parity-conserving decays,
respectively. The matrix y5 is to be taken in the Pauli form,
y5=( I 0). The invariant amplitude for the decay is

N = Gp~[u(p)(A+Bye)u(P) j,
where P is the 4—momentum of the decaying hyperon of mass M,

and p is the 4—momentum of the baryon decay product of mass
m. With the normalization convention, u;u; = Zm;, the Pauli
form of the matrix element in the rest frame of the decaying
hyperon is

& = GW~&Xql&~M(E+m)A + &~M(E-m) B~ qlX2&.

where E is the total energy of the final baryon and q is a unit
vector in the direction of motion of the final baryon.
Comparison with Sec. VI D of the text shows that the amplitudes
s and p defined there are proportional to A and B:

p E m 2/2 B -(M m) p -&/
E+m A (M+m)~-pl~

Here ~ is the mass of the pion entering the decay. The
parameters a, P, and y can therefore be expressed in terms of A

and B, rather than s and p, if desired.
The decay rate for B& ~ B~ + n is
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where q is the c.m. momentum of the decay products. For
~~florence, the dimensionless constant in this expression has the
value (G p, c/8n) = f.9488xiO

Table I summarizes the amplitudes A and B for the
nonleptonic decays of the A, E, and:- hyperons. These
amplitudes have been calculated by using the experimental data
for mean lives, branching ratios, and the decay asymmetry a
given in the Stable Particle Table of this Review. Time-reversal
invariance is assumed and final-state interactions are
neglected, so A and B are taken to be relatively real. The
subscript on the hyperon refers to the sign of the decaying pion.
The statistical correlation coefficient

(MZLB)

4&m~) &aB~)

is also given. The absolute signs of A and B have been assigned,
using the following convention. Taking A(A ) as positive, the
other S-wave decay amplitudes are chosen to give an
approximate fit to the triangular relationships

v ZA(ZO) + A{K+) = A(E ) and V 3A(ZO) + A(A ) = 2A(:= ).
The signs of the B amplitudes relative to those of t he
corresponding A amplitudes are determined by the si~n of the
appropriate a decay parameter.

and
(A3/Ag) = 0.027+0.008

(83/Bf) = 0.030+0.037.

The possible 3% AI=3/2 A-wave amplitude is due to the
disagreement of decay rates with prediction. At this level the
results are sensitive to electromagnetic corrections. However,

in A decay the phase space correction and the other radiative
cor rections appear to be about equal in magnitude and have

opposite signs, and hence cancel each other in the correction
to the decay rates.

(b):- Decay
The analysis for = decay is very similar to that for A decay.

If the EI=i/2 rule is valid, Vo(:- )/l (:- ) = 0.50 and ao = a
«r this case the expressions linear in hI~3/2 A- and 8-wave
amplitudes are4

Here the hI=3/2 amplitudes are expressed relative t.o the SI=1/2
amplitudes. The numerical values of the coefficients depend on

the ratio 8/A. The uncertaint. ies in the coefficients are small

compared to the uncertainties in ha and hl . Final-state nN

interactions have been included in these relations but have a

very small effect. From the Stable Particle Table,

A,a = 0.006a0.066, hl = 0.058a0.012,

and hence

+
+ 7T

+ no

+ rr

+ ~0
+ n
+ mo

+

Nl ~m
A ~ p
Af~n
E+ ~n
Eo W p
E -+n
:"o ~ A

~ A

Table I

A

1.47+0.01
-1.07%0.01
0.06+0.01
1.48+0.05
1.93+0.oi
1.54a0. 03
2.04+0, 01

8
9.9840.24

-7. 14%0.56
19.07a0. 07

-12.04g0. 58
-0.65+0.07
-6.4340.66
-6.93+0.31

&AB
-0.289
-0.741
-0.038
0.982
0.003
0. 188
0.268

and we find

and

ha = 0.18+0.1.2, Dl = 0.066g0.020,

(A3/A f ) = -0.038+0.0 14

(B3/Bf) = 0.17+0 09

Qa 1 37 (A3/Af ) —1 .37 (Bg/B 1},
gl = -1.44 (A3/Af) 0 06 (B3/B f).

From the Stable Particie Table,

2. Tests of the BI=i/2 Rule

(a) A Decay
For A decay the BI=i/2 rule predicts that. l 0/1 = 0.50 and

ao = a . In order to determine the magnitude of possible

AI=3/2 amplitudes present we write the linear expressions4 for

the EI=3/2 A- and B—wave amplitudes in terms of ha, where da

is the measured value of ao/a minus the predicted value, and

in terms of AI similarly defined. Evaluating these we find

ha = —1.54 (A3/Af) + 1-61 (B3/B f)
1.84 (Ag/Af) + 0.25 (83/B f).

(c) E Decay
The traditional test of the EI=i/2 rule in E decay is that the

amplitudes satisfy the relationship

vZEo+ E+ —E = 0

Graphically this is equivalent to closing the E triangle when the
amplitudes are plotted on A, B axes. Including bIR3/2

amplitudes in E decay analysis, the "E t r ian gle" relations h ip

becomes

v 2 Ao + A+ —A = -3V 2/5 A3 +
~~15
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where A3 and + are hI=3/2 and AI=5/2 amplit udes,
respectively. There is a similar equation for the B amplitudes.
From Table I,

and
vZAp+ A —A = O.ZZ+0. 09

v ZBp + B~ —8 = Z.7 +1.0
If we neglect the GI=5/2 amplitudes and assume all amplitudes
to be real we can solve for possible h, I=3/2 amplitudes. The
result is

and

A3—= -0.061+0.024
A

= -0.074+0.027 .B3
+

Thus for hyperon decay, present experimental data limit LLI=3/2
amplitudes to less than about 5%.

3. The Lee—Sugawara Relation
From Table I the Lee —Sugawara relation, ' V 3Zp+ A

= 0, is satisfied to -0.07a0. 11 for the A amplitudes, and to
3.0+1.9 for the B amplitudes.

Ip
1+3m Zr

Si is33cos(6 i 63)+P i i P33cos(6 i i-63 i )

i i+ i 1

5. See A. A. Belavin and I. M. Narodetsky, Yadern. Fiz. 8, 978
(1968) fSoviet J. Nucl. Phys. 8, 568 (1969)].

6. G. %. Intemann, private communication (1973).
7. See B. W. Lee, Phys. Rev. Lett. iZ, 83 (1964).
8. See H. Sugawara, Prog. Theor. Phys. 31, 213 (1964).
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Appendix III

Broken SU(3) gives:
Decuplet 5 —E = Z —:-=:- —0
Octet . Z(N + =) = 3A+ Z

2 A —Ma
sin 8 =

A A,Octet-
Singlet
mixing Z(N + =) —Z

3Me ——

GMO

GMO

Mixing
an gle

GMO

(3)

(4)

Here GMO stands for the Cell —Mann-Okubo formula; the particle
symbol indicates its mass. The formulae would be the same if
squared masses were used. F'or the nonet case, A is the
"mostly-octet" particle, A' is the "mostly-singlet" particle.

Decay Rates

In terms of a relativistically invariant matrix element T, the
decay rate for two-body decay of a resonance of mass Mp is

)T)~R~

M R (5)
where R~=k/Mp is the two —body phase space factor. Since the
numerator is an invariant, and since I must transform as 1/E,
we introduce the denominator Mp.

A. SU(3) CLASSIFICATION OF BARYON RESONANCES

A. Barbaro-Caltieri

Lawrence Berkeley Laboratory

It is established that a symmetry higher than SU(3) is
necessary to classify the known baryon resonances. However,
many higher —symmetry schemes have been proposed, and even
for SU(6) various versions exist (for a review see Dalitz ). Since
it is not clear which one of these schemes best fits the data, we
do not review them here, but we report once again fits of baryon
states into SU(3) multiplets.

For the reader's convenience, we collect here the relevant
formulae.

Exact SU(3) symmetry predicts that all the members of a
multiplet should have the same mass and the same couplings for
decays into other multiplets. It has been found, however, that
the members of the octet of stable baryons lie within 20% of
their mean mass; therefore a symmetry-breaking interaction
has been introduced by Gell-Mann and Okubo independently.
In addition, for the isospin-0 vector mesons (u and $), an
additional symmetry —breaking interaction has been introduced

I

by Sakurai to take care of octet-singlet mixing. The relevant
formulae for masses and decay rates are given below.

Mass F'ormu lac
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For meson decays (see below) the rates are calculated
according to Eq. (5); for baryon resonance decays into 1/2+
baryons and 0 mesons, one next takes into account the fact
that spin sums in )T) introduce another factore MR, cancelling
the 1/MR. We are then left with

MN, for baryons
R

M~~, for mesons.
MR

(5')

(5-)

The powers of the nucleon mass MN or MN have been introduced
so that we can treat )T) as dimensionless.

)T) contains centrifugal barrier factors, which we call B~.
We then have

Decuplet 1- ( )pB (k) NM

Sin glet g & MR

I =. (cDgo+cFgF) B~(k)
M

kOctet

(6)

Octet-
Sin glet
mixing
with

A = G8cos8 + G isin8
A' = -Gesin8 + Gicos8

G8 = Cogo +CpgF
Gi = cigi- (9)

Here c; are the SU(3) coefficients with the sign corivention
adopted in this article [see note in the Table of SU(3) Iscoscalar
Factors and Fig. 2 in the text). MN is the nucleon mass, MR is
the resonance mass for which 1 is calculated, k is the
center-of-mass momentum for the channel being considered,
and g; are the, relevant couplings. For the case of singlet-octet
mixing, formula (8) has to be used in conjunction with (6) and
("I). Ge and G& represent the couplings for the multiplet, and-A

and A' represent the couplings for the physical states.
The relation between gD, gF. and the parameter cz is

gF
1 + 3 g ' (10}

Exact SU(3) predicts that the couplings g; for all the
members of a multiplet are the same; however, since the
symmetry is broken for the masses, it is probably broken for
the widths. In the case of the 3/2 decuplet, , for broken SU(3)
sum rules have been derived by Becchi, Gupta, and Konuma
independently. The form derived by Gupta relates the gl for the
~embers of the decuplet by the relation

Z(a + -=) - 3Z*(A~) + Z*{g~), (11}
where Z (An) is the coupling for the Z(13S5) ~ An decay and
& (Z~} is the coupling for the decay Z(1385) ~ Zn.

As mentioned in the text (Sec. IV B) the determination of
the relative signs of resonant amplitudes can be useful in
making an SU(3) assignment of resonances. In fact the
resonant amplitude T ~ v'x~x; ~ G~G;, whe're the subscript e
refers to the elastic channel and the G~, G; are the couplings of
Eqs. (6) through (9). Assuming that all g; are positive, t, he sign
of the G; are dependent upon the sign of the Clebsh-Gordon
coefficients c;. Once a sign convention is adopted (we use the
Levi-Setti convention, see Fig. 2 in the text) and the signs for a
Z state (I=i) and a A state (I=O) of known SU(3) assignment have
been chosen for reference, the signs of all the other amplitudes
can be useful in determining multiplet assignments. For exact
SU(3) all the decays of members of a decuplet have the same
sign. For octets the relative sign depends upon the value of
gD/gF and the mixing angle, as seen from Eqs. (7) through (9).

Fits to the Data

Fits of baryon decay rates within SU(3) can be found in,
among others, papers by Tripp, ' Levi-Setti, Samios, and
Plane. The most recent fits were made by Barbaro-Galtieri
and Samios. A fit of the decay rates within SU(6)~ can be
found in Litchfield et al. Analysis of the baryon mass
spectrum using the quark shell model has been done by Jones et
al. An analysis of baryon couplings in a quark model with
chromodynamics has been done recently by Koniuk and Isgur.

For our SU(3) analysis in fitting the data a choice for B~ has
to be made. Plane tried two forms for Bg.

{a) The form Bg = (kr) Dg(kr), r being the radius of
int eraction and D~ the polynomials in kr given by Blat t and
Weisskopf. ~ Usually r is taken to be 1 fermi. ~

(b) The form B~ = k
However, for final results form (b) was chosen. A discussion of
the differences among these two forms has been given by
Barbaro-Galtieri. . As shown in Ref. ZO, not only the values of
the couplings, g;, depend upon the form used for B~, but also
the value obtained for the mixing angle. For the 3/2 singlet,
h(1520}, and the isospin —0 member of the octet, h(1690), the
mixing angles obtained in the two cases were

8 ( 16 1+1 4)o 8 ( P7 5+3.6)o

in disagreement by a few standard deviations. However, if
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radius of interaction of r ~ 0.15 fermi was used for form (a), the
two values of 8 agreed. This value of' r does not fit resonance
shapes when used in the Breit-Signer resonant form.

Samios used form (b) for Bg.
Table I is a summary of the fits made by us (update of

Barbaro-Galtieri ) using the barrier factor form (a) and exact
SU(3). The values of the masses, widths, and amplitudes used in
the fits are taken from this edition's Tables and Listings.

1/2 Nonet (Baryon-Eta Resonances)
For this nonet Eq. (7) was multiplied by the factor

MR —MB

MR —MB

where MB is the decay baryon and MR-Mg=564 MeV is the
difference of the mean 1/2 and 1/2+ baryon octet masses.
This kinematic factor comes from PCAC arguments (i.e. , the
assumption that the axial vector current remains an octet in
the presence of symmetry breaking) and it was advocated by
Graham. For the 1/2 nonet it was used in this form first by
Gell- Man n.

3/2 Decuplet
The agreement among the coupling constants obtained for

the four rates in this decuplet is very bad. The fit m6de using
form {a) for Bg has y =58 for 3 degrees of freedom; the one
made with form (b) for B~ has y~/DF=13/3. The broken SU(3)
relation (11), ho~ever, is very well satisified.

B. SU(3) CLASSIFICATION OF MESON RESONANCES

All of the discussion above applies, except that for bosons
the GMO formula is usually applied to the square of the masses,
as opposed to the first power for fermions. Thus for example,
Eq. (2) becomes

4K = 3g + ~. (2')

The symbol K was introduced by Glashow and Socolow for the
square of the k mass, etc.

Because of the difference between Eqs. (5') and {5"),there is

also an extra factor of (MN/MR) in Eqs. (6) and (7). The three
established nonets (0, 1, 2+) and their mixing angles are listed

at the bottom of the Meson Table.

y p

Octet. members~ Sin glet
I

N(1535) A(1670} $(1750) ] A(1405)[=(-.)]
I

N(1520} A(1690) g( 1.670) [:-(1819}] A(1520)

N(1670} A(1830} 2(1765)
N ( 1688} A( 1815} P( 1915) [:-{2087}] A(21 10)

Decuplet members

e(deg)b
c

0.94%. 14
0.38'.08
0.32'.04

-2g6
-32w61/2

3/2
5/2-
5/~+

-21+3
1.21+.04

24+4 0.72+.02

gio

Tab«& S4~(3} baryon multiplets with two or more known members. Values of 8

[defined by Eqs. (8) and (10)] are the result of fits made to all & he

measured two-body deca rates of each rnuti let.

3/ + ~(1232} Z(1385):-(1530) 0
7/2+ 5{1950) Z(2030)

1.0-1.5 y /DF=58/3

Masses in parentheses are the nominal masses used in the Baryon Table. The

members have masses as calculated by using formulae (1) and (2} wi&h the

mixing angle 0 derived from the decay widths.
See text for a discussion of the 1/2 mixing angle.
The first values of 8 and a are obtained by using a plus sign for the amplitudes

of both N(1535) ~ Ng and A(1670) -+ Ag. The second values use a minus sign

for the second amplitude. Both fits, however, have a bad y, mostly due to

the two baryon-q amplitudes.
Coupling constants updated from Ref. 14, using new =(1530}data.
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Appendix IV

GROWTH OF INFORMATION

60

———Mesons listed in Toble

Wel I-understood mesons

40-

30 —
No publication

in years marked

/

/
/

/

/ L

/

I

I
f=

I

20—

10—

0]961 65 70 75 80

Year of RPP publication

Fig. 1. Number of meson resonances list. ed in the Tables (dashed
line) and those for which all quant, um numbers are known (solid
line), as a funct, ion of year of publication of the Review of
Particle Properties.

In Figure 2 we present similar information for the baryon
resonances, but concentrate here on t.he "growth of
understanding". That is, the number of known baryons (we
include for this figure only those wit. h known J ) has grown only
very slowly v;ith time (dashed line); the real progress has been in

the measurement of the properties of those baryons. Therefore
we show as the solid line a count of the number of baryonic
properties ——mass, width, and branching ratios. Most of these
results are from partial-wave analyses.

From time to time we have presented figures demonstrating
amount of experimental work which has gone into

spect, roscopy, and t.he amount of new information available as a

result. The 1980 versions of t, hese figures are shown as Figs. 1

and 2.
Figure 1 is a simple count of the number of meson

resonances listed in the Tables, categorized as those
"understood" ——i.e. , all quantum numbers are believed known
——and those simply "list.ed". The rapid recent increase in both
of these categories occurred because of the discovery of the J/g
and related particles.
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BARYON RESONANCES

I I I I I I I I I I I I I I I I II I I I I I I I I

-----Count of unstable baryons accepted240—
for Table, with known Jp

220—

200.—

Count of properties

(m, 1, branching ratios

for these baryons

180—
75

77

160—

140—
LLI

120
/tVo publication

these years
59M 82 88

80—

60—

40— t

)SAN ~ ~ SW

20—

0 a I I

19'57
I I I I I I I I I I I I I I I I I I J I I I

65 70 75 80 85

Year of publication
Fig. Z. Total amount of information (mass + width + branching
ratios) on baryon resonances listed in the Tables, restricted to
those with well —established 3 (solid line). Dashed line shows
numbers of such resonances listed. Abscissa sho~s year of
publication of Review of Particle Praperties.

hist. ory of the values of some of the const. ants in the
Review of Partic)e Properties is presented in Figs. 3-7. It may
be said that one can estimate the age of a high energy physicist
by asking him or her the mass of the A. If the answer is I f15.44
MeV, he probably was deep into his graduat. e training in f965.

A history of this sort has more than whimsical value. We

may use it as a guide to develop a "feel" for the reliability af
current values. In Fig. 3 we show how the generally accepted
values for the speed of' light and a couple of other constants
have changed w'ith t.ime. The "generally accepted value" is

usually an average over several experiments, performed by a
compiler (in Fig. 3, the compiler is other than the Particle Data
Group in all cases, although we do quote the compiled results).
The abscissa on all these figures is the date of publication af the
value shown. Clearly there is a general progression toward
better understanding ——at least as measured by the size of the
error bars. However, the size af the error bars does not tell the
full story, as we can see by the frequency with which the "best"
value has changed by mare than one standard deviation.
Changes in these values can come from several sources: a new
experimental measurement, re —evaluation of an old
measurement (which can come about if a previously
unrecognized source of bias is discovered and corrected, or if a

value for one of the input constants, e.g. the electric
~h~rge, is available), or a change in the averaging proc&dure.

In Fig. 4 we show the history of some masses (including t.he
A, «r radioactive A dating of your colleagues), based on averages
which we ourselves performed. These are adapted fram those
originally presented by Rosenfeld~ in 1975.' The publication date
refers to the publication of the Review of Particle Properties.

In Fig. 5 we show the best, estimates for the lifetimes of
some of the part, icles stable against strong decay. These and
subsequent figures have been compiled since publication of t, he
Rosenfeld article. In Fig. 6 we show the widths af some of the
resonances, and in Fig. 7, the values of some of the branching
fractions. All values are taken from the Tables. Before 1964,
very few branching fract, ions were listed in the Tables. In all
cases, a represen tative sample is chosen, usually from t.hose
with a lot of activity (a limited number of special requests for a
more complete set of such figures may be hanored, for those
seriously interested in the history of the "best" values of
physical constants). In each figure, t.he heavy inner error bar
represents the statistical error computed in the averaging
procedure, and the t, hin outer error bars, when present,
indicate the increase in t.he error due ta the "scale factor". The
scale factor is described in the introductory text, Sec. VII. It
represents an attempt to quant. ify the increase in the
uncertainty which is present in the case of experiments which
disagree by more t.han a certain amount In the case where the
error represents an "educated guess, " rather than a calculation,
the inner error bar is absent.

On the whole, the number of times the values have changed
hy more than one standard deviation over the years is
remarkably few. Even those branching fractions which involve
rare decays and which are therefore presumably difficult to
measure (Fig. 7) are, far the most part, within one or two
standard deviations in 1978 of their value in any year since 1960.
This is in spite af the vast amount of new experimental input,
and indicates the general reliability of the results.

Of course, t.he data point, s for a given quantity are hardly
independent of each other, but those differing by several years
frequently have quite different experimental input. The relative
lack af change is a comment bat, h on t.he experiments and an
the averaging procedures. We, of course, are responsible only
for the averages (except Fig. 3). These averages entail
considerable exercise of judgment: t.here are conflicting
experiments, experiments with impossibly smail errors,
"preliminary" results, and so forth. Statistical procedures will

tell us that, t.wo experiments da nat agree; t.hey do not give a
clue as to which (if either) is a good representation of the truth.
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Fig. 3. The "generally accepted values" of the prot. on mass, the elect. ron mass, and the speed of light, as a
function of the publication date of the compilat. ion used (not done by the Particle Data Group). Data for th
sp««f »ght plo«««esy of E. R. Cohen, Rockwell International Science Center. See t, he Stable Particle
Data Card Listings for references on prot, on and electron masses.
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Copyright. 19'75 bv Annual Reviews, Inc. All rights reserved). Full error bar indicates quoted error;
thick-lined portion indicates quoted error wit, h "scale factor" removed (see Sec. VII of introductory text).
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Fig. 5. Part, icle Data Group averages of t.he lifetimes of various particles, as a function of publication date of
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major decisions, and their motivations, are usually discussed on
case-by-case basis in the Data Card Listings; general

comments may be found in Sec. II of the text and in Rosenfeld~.
that, occasionally, the error bars increase from one

-publication to the next. This is usually the result of decision
making by the compiler, e.g. , to cease using a particular result. ,

or because of new result s in poor agreement wit h t he old
results.

e show these figures not only to demonstrate that there is
not much change in these averages in the usual case, but also to
show that there exist cases with relatively large changes. There
is a psychological danger in preparing tables of "right" answers.

-The old joke about the experimenter who fights the systematics
until he or she gets the "right" answer (read "agrees with
previous experiments" ), and then publishes, contains a germ of
truth (presumably, those who compile and average experimental
results are also not immune to this disease). A result can
disagree with the average of all previous experiments by five
standard deviations, and still be right. Hence, perhaps it is of
value to show that large changes can (and do) sometimes occur.
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